Specification A thin filmsem conductor device, fabrication processes forg_
a thin filmsem conductor device, liquid crystal displays, fabrication P25
processes for li‘quitd crystal displays, electronic devices, fabrication
processes for elgctronic devices, and thin filmdeposition processes.

Fi el d of Technol ogy The present invention relates first of all to

thin filmsem cenductor devices, and the fabrication nmethods for such
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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 information. 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 film transistors (TFTs), the use of _
polycrystalline silicon which has higher operating speeds is advantageous when producing
_monolithic displays which include iniegrated 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?2-V-
lsec1t0100 cm2-V-1secl, |
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 cm2-V-1.sec'l. For increases in LCD display size while maintaining low costs, the



silicon is used as the active |layer, fused quartz is used as the substrate;
and a so-called "high tenperature” process in which the maxi mum processi ng
tenperature exceeds 1000[err]C is used to fabricate the TFTs. In this case,
the mobility of the polysilicon |ayer attains values from about 10
cnerr]V- [err]sec[err] to 100 cnferr]V[err]sec[err]. : On the ot her
hand, for the case of an anorphous silicon active |layer, a comon gl ass
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gas and thgpee By YPERAS uéﬁgmoﬁosﬂane (SiHy) 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 SiO; 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 layér,
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 electrode as a mask.
This ion implantation, known as “ion doping”, is accomplished by a non-mass separating
ion implanter. Hydrogen-diluted phosphine (PH3), diborane (B2Hg) or similar gas is
used as a source gas for ion doping. Activation of the impurities is carried out at 300°C.
Following deposition of an interlevel insulator hjer, electrodes and interconnects such as
indium tin oxide (ITO) and aluminum (Al) are deposited to complete the thin film
semiconductor device. Therefore, the maximum processing temperature in this prior art
is the 550°C used for deposition of the a-Si by LPCVD (abbreviated hereafter as LPCVD
a-Si). ' |

~ The prior art exemplified in J. apa'neselUnexamined Patent Application Heisei 6-

163401 is representative of a second type of existing low temperature poly-Si TFT
technology. The principle feature of this technology, in contrast to the use of LPCVD
a-Si in the first type of prior art, is a process in which an a-Si film is deposited by plasma



Si to poly-Si by laser irradiation. After patterning of the poly-Si I|ayer,
a gate insulator layer of Sierr] is deposited by ECR-PECVD at a substrate
tenperature of 100[err]C Followi ng formation of the tantalum (Ta) gate

el ectrode on top of the gate insulator |ayer, self-aligned transistor
source and drain regions are formed in the silicon layer by ion
|nplantat|on of donor or acceptor inpurities while using the gate electrode
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30 minute @n ”ﬂﬁlsaﬁbleelgg [gfis€ ubstrate (Nippon Electric Glass Co., Ltd.'s OA-2) on top of

which was deposited a 2500 thick a-Si film by a parallel plate PECVD reactor. The

deposition conditions were a monosilane (SiH,) flow rate of 225 SCCM, a hydrogen (Hz)

flow rate of 1300 SCCM, RF power of 150 W, pressure of 1.3 torr, electrode surface

area of 1656 cm? (giving an applied power density of 0.091 W/cm?2), electrode separation

distance of 24.4 mm, a substrate temperature of 300°C, and a depasition rate of the

- PECVD a-Si film at this time of 547 A/min. This filmisa typical PECVD a-Si from the

~ prior art and contains approximately 10.3 atomic % hydrogen and has a silicon atomic

density of 4.38 x 1022 cm3.  Additionally, the infrared absorption spectrum (IR) for this

a-Si film is shown in Figure 5; and Raman spectroscopy results are shown in Figure 6.

The Si-H stretching mode can be seen around 2000 cmrl in the infrared absorption

spectrum of Figure 5.  On the other hand, the transverse optical component from

amorphous silicon can be seen around 480 cm! by Raman spectroscdpy. Both results

indicate that the amorphous film is a-Si in which hydrogen is bonded to silicon. Figure1

shows the results of laser irradiation following annealing of the a-Si film in a nitrogen

atmosphere at a fixed temperature for one hour. The horizontal axis of Figure 1 shows

the annealing temperature, and the vertical axis shows the laser energy. A. D. onthe

horizontal axis is an abbreviation for "as-deposited" and means the PECVD a-Si film

immediately after deposition which has been given no annealing treatment. In Figure 1,

A indicates an amorphous condition, C indicates a crystallized condition, and D indicates

a damaged condition. For example, the position labeled A at A. D. on the horizontal



anor phous silicon film3 was polycrystallized using a 13 Wargon ion |aser,
focused to approximately a 50 [err] mdi aneter spot size, with a scan speed
of approximately 11m sec (scan speed of the beam spot dianmeter x

220000/ sec)." As shown in this exanple, thermal annealing prior to the
crystallization step i s necessary when crystallizing an a-Si film deposited
by PECVD (abbrevi ated hereafter as PECVD a-Si). If anneallnggls not done or
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laser irradiation and to obtain a uniform, high-quality crystallized film, an actual annea]mg

temperature of approximately 450°C or higher is used. For low temperature process

poly-Si TFTs corresponding to the second type of prior art, poly-Si TFT’s are produced

using the same process described above for the first type of low temperature i)oly-Si TFT

prior art while making use of polycrystalline silicon films obtained as explained in the

‘preceding section. Consequently, the maximum processing temperature in the second

type of prior art is the approximétcly 450°C temperature used in annealing prior to the

crystallization step of the PECVD a-Si. '

The prior art exemplified in Japanese Unexamined Patent Application Heisei 5-

275336 is representative of a third type of existing low temperature poly-Si TFT

technology. In this prior art, during crystallization of the PECVD a-Si film 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 hydrogenated amorphous semiconductor film by laser

irradiation, a polycrystalline semiconductor thin film fabrication process characterized by




axi s and 150 mi[err]cnferr] on the vertical axis indicates that when the
unanneal ed PECVD a-Si filmwas | aser irradiated at an energy density of 150
mi[err]cnferr], the filmremined anorphous after the laser irradiation. As
shown in this figure, for PECVD a-Si filnms of the prior art, .
crystallization does not proceed at all for the as- deposited condition if
the energy is'low (approximately 160 mi[err]cnferr] or |ess), and damage is
i nt r oducedthefgradyal i @pr@awn lasenirrgdiatiarsenergy and the g{aénal]debydrﬁﬁt@sloaﬁﬁthm |
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300[err]C, the only point for which crystallization occurs is at a |laser .
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above for thef f art whi | e
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precedi ng secti 0 ue ce55|ng erature in the
second type of cate }ue appr oxi matel y. 450 r] C terrperature used in
anneal i ng pri or to t 23} ﬁ%ﬁ‘ﬁ?&‘tﬁcbﬁ“%‘!ce‘ﬁ wingiof dhippypgof fas The
prior art exenpanepling qondma n8Lis a glass snbsikate Exe WloAﬁﬁmf?abﬁ% Hei sei 5-
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pol y-Si TFT t ecUFDs,agd 83 listht BiSi: Hiilano de usedfor formatioy of the ldriversi on of t he
PECVD a-Si filmby | pgdes] According to this type of specific example, first, a
relatively low laser energy is used for irradiation of the a-Si: H film; 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 corresponding to the
increased energy level is gradually generated 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
corresponding to low energies and progressing to hydrogen corresponding
to high energies.
[0025] Consequently, the hydrogen contained in the a-Si: H film
is gradually eliminated step by step, and since the progression to higher
energies is made while monitoring the amount of hydrogen, the film is
essentially undamaged. Since the amount of hydrogen remaining in the



irradiation, crystallization is achieved w thout danage by gradually

I ncreasing the | aser energy. CQaiml1l of the sanme Patent Application states
"In the fabrication and pol ycrystallization procedure of a hydrogenated
anor phous semni conductor filmby laser irradiation, a polycrystalline

sem conductor thin filmfabricati on process characterized by
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_ transfer chamber robot.  After being set in the reaction chamber, the thin film is
deposited after the substrate has been further heated in the reaction chamber.
- 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
temperature process which act as impediments to the adoption of these technologies into
mass production.
Problems associated with the first type of prior art.
1-1. The high processing temperature of 550°C prevents the use of low-pnced
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.
1-2. There is a thought to move from the present 360 mm x 460 mm glass
substrates for LCDs to larger 550 mm x 650 mm substrates, but there are no LPCVD
reactors which can accommodate the increase in substrate size. '
Problems associated with the second type of prior art.
2-1. Compared to LPCVD a-Si, the appropriate irradiation conditions necessary
to obtain uniform laser irradiation over the entire substrate are restricted; and as explained
previously, the suitable range becomes narrower as the annealing temperature decreases.
As a result, the annealing temperaiure 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



energy to effect crystallization. Further, it is also acceptable to change
the laser irradiation energy by |eaving the output energy unchanged and
constricting the beam size (changing the energy per unit area of the

surface being treated). _ [0023] Figure. 3 is a schematic
drawing of this type of |aser annealing condition. 81 is a glass
substrate (one section of TFTs has a deposited filn), 82 is the

a-Si: H fireswittod their erer weight increasestap substratetsips ipgreases, and increaygsin liquidd 83 i s
the a-Si: t41 1 f s8Ik O rdef}E with! , :
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5 Problems associated with the third type of prior art. _
3.1. Asshownin the quotation above, in order to eliminate hydrogen, multiple
laser irradiation scanning is done at 135 mJ/cm?, followed by multiple laser irradiation
scanning at 173 mJ/cm?, followed 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 film is crystallized. In
order to crystallize a PECVD a-Si film in this fashion, at least several tens of laser
irradiations or more are necessary. As a result, the productivity decreases noticeably,
leading to a steep rise in product prices. Additionally, when repeatedly irradiating the
same location, the atmosphere surrounding the substrate must be carefully controlled. If
- the laser irradiation is carried out in an air atmosphere, oxygen from the atmosphei'e is
incorporated into the film with every laser irradiation. During dehydrogenation, oxygen
can be captured by the unsatisfied bonds (dangling bonds) resulting from the loss of
hydrogen; and, during crystallization, oxygen can be incorporated into the film during the
time when Si atoms are mobile. When the number of laser irradiations is several
repetitions, the incorporation of oxygen from the atmosphere is slight and it is not a
problem; but if laser irradiation is repeated for several tens of repetitions, sufficient
attention must be paid to the incorporation of oxygen into the film. (It goes without
saying that the incorporation of oxygen into films of the usual semiconductors such as Si,
Ge, GaAs, and others causes a decrease in semiconductor propérties.) Consequently, in
the third type of prior art, if the laser irradiation is not performed in vacuum or a non- ‘
oxygen atmosphere, it is not possible to obtain semiconductor films without oxygen.



filmis small when the essentially dehydrogenated a-Si: Hfilmis

I rradiated with a high energy in order to polycrystallize the film
even if the remai ni ng hydrogen is all liberated at once, the filmis
not damaged. In contrast, if an.a-Si: Hfilmis irradiated with
sufficient energy to polycrystallize the film the contained
hydrogen is_liberated all at once in an eruption that danages the
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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 temperature 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.

Consequently, the present invention aims, as a third objective, to solve the



steep rise in product prices. Additionally, the degree of warp of the gl ass
substrates as a 6

result of their own weight increases as substrate size increases, and
increases in liquid crystal display (LCD) sizes are not possible.
Conversely, with the use of a |ow annealing tenperature |ess than about’
450C, the degree of crystallization fromthe |aser irradiation can vary
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layer of a transistor a semiconductor film, said semiconductor film 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 film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with said source gés concentration of approximately 6.25% or less;
and, moreover, using argon (Ar) 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 film is silicon and the aforementioned source gas is a silane (SiHy, SiHg,
SizHg). _ |
\ ~ In a fabrication process for a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 film is deposited by means of plasma-enhanced chemical vapor depdsition s
(PECVD) using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with a pressure in the reaction chamber during semiconductor film
deposition of approximately 1.0 Torr or higher, and, moreover, using argon (Ar) as an
additional gas. During this deposition, the present invention is further characterized by a
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In a fabrication process for a thin film semiconductor device having as the active

layer of a transistor a semiconductor film, said semiconductor film 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 film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with said source gés'concentration of approximately 6.25% or less,
and, moreover, using argon (Ar) as an additional gas and with a pressure in the reaction
chamber during said semiconductor film 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 film is silicon and the aforementioned source gas is a
silane (SiHy, SizHs, SiaHs). | '

In a fabrication process for a thin film semiconductor device having as the active
Iayer of a transistor a semiconductor film, said semiconductor film being formed ontop 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 film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with said source gas concentration of approximately 6.25% or less,
and, moreover, using argon (Ar) as an additional gas and with an electrode separation in
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prinmary purpose of providing a neans for reliably producing good thin film
sem conduct or devices through a realistically convenient nethod using a
fabrication process and processing tenperature which will allow the use of
common | arge gl ass substrates. On the other hand, when an anor phous
silicon filmis used as the active layer in a thin filmsem conductor
device (hereafter abbreviated as a-Si TFT), the nobility is-on the order of
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obj ect i ve, depositiviny thetpnesent invention is further characterized by a deposition rate of 8
approximately 0.15 nm/sec or higher. It is also characterized by the fact that the
aforementioned semiconductor film is silicon and the aforementioned source gasisa
silane (SiH4, SiHg, Si3Hg).
In the fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using a chemical specie containing constitutive elements of said semiconductor
film as the source gas and using argon (Ar) 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 film 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 film is silicon and the aforementioned source
gas is a silane (SiHg, Si;He, SizHg). '

In the fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on an
insulating material on the substrate, at least a part of which is an insulating material; the
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probl em noted above with the third objective being the provision of a thin
fil mdeposition nmethod which is both convenient and has high productivity
even when using a single substrate PECVD reactor. Description of.the

| nventi on In a fabrication process for a thin filmsem conductor
device having as the active layer of a transistor a sem conductor film
sai d sem conductor filmbeing fornmed on top of an insulating material on
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In the fabrication process of a thin film semiconductor device having as the active

layér of a transistor a semiconductor film, said semiconductor film 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 first step in which a semiconductor film is
deposited by means of plasma-enhanced chemical vapor deposition (PECVD) using a
‘chemical specie containing constitutive elements of said semiconductor film as the source
gas and using argon (Ar) as an additional gas while the pressure in the reaction chamber
during deposition of the aforementioned semiconductor film is not less than about 1.0 _
Torr; and a second stép in which the crystallinity of said semiconductor film 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 film is silicon and the aforementioned source gas is a
silane (SiHy, SizHg, SizHg). | | |

In the fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on an
insulating material on the substrate, at least a part of which is an insulating material;
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(PECVD) using a chem cal specie containing constitutive elenents of said
sem conductor filmas the source gas with a pressure in the reaction
chanber during sem conductor film deposition of approxinmately 1.0 Torr or
hi gher, and, noreover, using argon (Ar) as an additional gas. During thIS
deposition, the present invention is further characteri zed by a
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means of ﬂp‘ééﬁ%@éﬁﬁﬁﬁd%ﬂ’hlf’héh‘? @aﬁtalka}ab? @%@W?P@&/@)‘mﬂ@i"ﬁ% a cheni cal

speci e Coﬂﬂtﬁhtglrt]ﬁhgddiﬁﬁﬁbhtthé x\eeer@h:ﬁzam&ﬁsﬁirtr?abnhrsﬁm taCdegbsli‘dngfﬁt@s t he
source gas.w an oge se | e reac on, C I uring
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the prese §; ther characterized by a deposition rate of
appr oxi rratgé Tgﬁ%ss%nfé 18 g gher. It is also characterized by the fact

that the af or el thei fquatlsmmosmmﬁ atthin film jsemicondyictdralsmice havingas the active
af or enent M}ii asﬁéﬁsi&?org?s%nﬁ&m? ‘gbf fhe s&&b&hﬁéﬁducto?'ﬂlﬁ%inﬁ‘k@ﬁx?éd on an

Siferr]H rication process for at

sem condudsylatipgpratesialon the gubsirato, at lsast werqo& yehichds an insylating @@'srlala .
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Al i G L S b S e o
I ncl usi on (PECYD)usiog as:henncmhpeéle smtainmg ronstitttivetetementd ofi safkl sdmpmsdimoh' by
means of gy RS0 HESORE %ggan(ﬂqﬁmgca?éon\/@ﬁ}fﬁs &%ﬁiohb]%}s while the concentration of
the aforementioned source gases is not more than 6.25% and the pressure in the reaction
“chamber during deposition of the aforementioned semiconductor film is not less than’
about 1.0 Torr; and a second step in which the crystallinity of said semiconductor film is
improved. During the deposition, the present invention is further characterized bya
deposition rate of approximately 0.15 nm/sec or higher. It is also characterized by the
fact that the aforementioned semiconductor film is silicon and the aforementioned source
gas is a silane (SiHy, SiHs, SizHg).

In the fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 first step in which said
semiconductor film is deposited by means of plasma-enhanced chemical vapor deposition

(PECVD) usfng a chemical specie containing constitutive elements of said semiconductor '

film as the source gas and using argon (Ar) as an additional gas while the concentration of
the aforementioned source gases is not more than 6.25% and the electrode separation in
the reaction chamber during said semiconductor film growth is not less than about 17.8
mm; and a second step in which the crystallinity of said semiconductor film 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
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(PECVD) using a chem cal specie containing constitutive elenents of said
sem conductor filmas the source gas with said source gas concentration of
approxi mately 6.25% or |ess, and, noreover, using argon (Ar) as an
additional gas and with a pressure in the reaction chanber during said
sem conductor filmdeposition of approximately 1.0 Torr or higher. During
thi s deposition, the present invention S further characterized by a
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In the fabrication process of a thin film semiconductor device having as the active

layer of a transistor a semiconductor film, said semiconductor film being formed on an
insulating material on the substrate, at least a part of which is an ihsulating material;

the present invention is characterized by the inclusion of a first step in which said
sermconductor film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) usmg a chemical specie containing constitutive elements of said semiconductor
film as the source gas and using argon (Ar) 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 film is not less than
about 1.0 Torr and, moreover, that the electrode separation distance is not less than about
17.8 mm; and a second step in which the crystallinity of said semiconductor film 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 film is silicon and the aforementioned source
gas is a silane (SiHy, SioHg, Si3Hg).

In the fabrication process for a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 a first step in which a semiconductor film is
deposited by means of plasma-enhanced chemical vapor deposition (PECVD) using a
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insulating material on the substrate, at least a part of which is an
insulating material; the present invention is characterized by the

i nclusion of a process in which said sem conductor filmis deposited by
nmeans of plasnma-enhanced chenical vapor deposition (PECVD) by means of
pl asma- enhanced chemi cal vapor deposition (PECVD) using a chenical. specie
contai ning constitutive elenments of said senm conductor filmas the source
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absorptlon peak near 2102 cm'1 is stronger than the intensity of an absorption peak near

2000 cm! (between 1980 cm™ and 2020 cm’ ) when measured by infrared absorption

spectroscopy. '

In a fabrication process of a thin film semiconductor device having a silicon film as

the active layer of a transistor, said silicon film 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 bya first step in which a silicon film is formed, said silicon film

having at least two absorption peaks, one near 2102 cm™ (between 2098 cm™ and 2106

cm™) and the other near 2084 cm™ (between 2080 cm™ and 2088 cm™) and that the -

intensity of said absorption peak near 2102 cm-! is stronger than the intensity of an

absorption peak near 2000 cm-! (between 1980 cm™ and 2020 cm™) when measured by

infrared absorptioh spectroscopy; and a second step in which the crystallinity of said

silicon film is improved. The present invention is further characterized by the fact that

the aforementioned first step is performed by plasma-enhanced chemical vapor deposition

(PECVD). _

In a fabrication process of a thin film semiconductor device having a silicon film as
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present invention is characterized by a first step in which a seni conduct or
filmis deposited by neans of plasma-enhanced chem cal vapor deposition
(PECVD) using a chem cal specie containing constitutive elenments of said
sem conductor filmas the source gas and further, using argon (Ar) as an
addi tional gas; and a second step in which the crystallinity of said-

sem conduct or fi I m is inmproved. During the deposition, the present
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Siferr]H eEélﬁmnﬁJtﬁg{ul'H:?ﬂ ited; and a secbfld Etlaﬁ Ff &Sl a thin

filmsem conductor devi’ce havi ng as feh act ayer ansi stor a

'seni conducEYrmpan sifuctise senziegndueien Gbm isimpraviedn e%pmmme@tﬁpm fyrthen| at i ng
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material; In a fabrication process of a thin film semiconductor device having as the active

layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the subétrate, at least a portion of which is an insulating material;
the present invention is characterized by a first step in which a semiconductor film having
both amorphous and crystalline components, said amorphous component having a
columnar structure, is deposited; and a second step in which said columnar structure
semiconductor film is exposed to optical energy-or electromagnetic wave energy

 irradiation. The present invention is further characterized by the fact that the
aforementioned semiconductor film is a silicon film.

In a fabrication process of a thin film semiconductor device having as the active
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12 the present invention is characterized by a first step in
which a sem conductor filmis deposited by neans of plasnma-enhanced

chem cal vapor deposition (PECVD) using a chem cal specie containing
constitutive elenents of said sem conductor filmas the source gas and
using argon (Ar) as an additional gas while the el ectrode separation in the
reaction chanber during said sem conductor filmgrowh is not |ess than

about 17.8 nd a.second step in ich the crystallinity of said
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exposed to optical energy or electromagnetic wave energy. The present invention is
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further characterized by the fact that the aforementioned semiconductor film is a silicon
film. .

In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film having mixed
crystallinity and 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
presence of argon (Ar) in the reaction chamber during the growth of said semiconductor
film. The present invention is further characterized by the fact that the aforementioned
semiconductor film is a silicon film.

In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 step in which a mixed-
crystallinity semiconductor film is deposited by means of plasma-enhanced chemical
vapor deposition (PECVD) ﬁsing argon (Ar) as a dilution gas. The present invention is
further characterized by the fact that the aforementioned semiconductor film is a silicon
film. .

In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insuiating material on the substrate, at least a portion of which is an insulating material;
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fact that the aforenenti oned sem conductor filmis silicon and the

af orenenti oned source gas is a silane (SiHerr], Si[err]Herr],
Si[err]Herr]). In the fabrication process of a thin film

sem conductor device having as the active layer of a transistor a

sem conductor film said sem conductor filmbeing formed on an insulating
mat eri al on the substrate, at least a part of which is an insulating
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first st e;?Ht’ﬁa]\mFEgB! of glegtrawagnelin Hgve srergy aéloﬂep P’éﬁF“b&“"Fr‘ét&H‘s‘S of
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semiconductor film is a silicon film.

In a fabrication process of a thin film semiconductor device having as the active

layer of a transistor a semiconductor film, said semiconductor film 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 a first step in which a mixed-crystallinity
semiconductor film is deposited by means of plasma-enhanced chemical vapbr deposition
(PECVD) using argon (Ar) as a dilution gas; and a second step in which said mixed-
crystallinity semiconductor film is crystallized. The present invention is further
characterized by the fact that the semiconductor film is briefly in a molten state during the
aforementioned second process step and that the aforementioned semiconductor film is a
silicon film. ) .

In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film 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 a first step in which a mixed-crystallinity
semiconductor film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using argon (Ar) asa dilution gas; and a second step in which the said
semiconductor film in a mixed-crystallinity state is exposed to optical energy or
electromagnetic wave energy irradiation. 'The present invention is further characterized
by the fact that the semiconductor film is briefly in a molten state during the
aforementioned second process step and that the aforementioned semiconductor film is a
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filmas the source gas and using argon (Ar) as an additional gas while the
pressure in the reaction chanber during deposition of the aforenentioned
sem conductor filmis not |less than about 1.0 Torr, and the el ectrode
separation distance is not |ess than about 17.8 nm and a second step in
which the crystallinity of said sem conductor filmis inproved. During the
deposition, the present invention is further characterized by a deposition
rate of approximately 0.15 nnmsec or higher. It is also characterized by

t he fact tHﬁFOPEEnaforenentioned sem conductor filmis silicon and the
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14 _ insulating material; and said semiconductor film serving as the active layer of a transistor;

~the present invention is characterized by a first step in which a semiconductor film is
deposited by means of plasma-enhanced chemical vapor deposition (PECVD) using
chemical species containing constitutive elements of said semiconductor film as source
gases and, moreover, using argon (Ar) as an additional gas; and a second step in which
- the crystallinity of said semiconductor film is improved.
In a process for depositing a thin film on top of a substrate by means of plasma-
- enhanced chemical vapor deposition (PECVD); the present invention is characterized by
a first step in which a substrate is set in a reaction chamber; a second step, performed
. after loading of said substrate, and consisting of the introduction of gases into said
reaction chamber, said gases having a higher thermal conductivity than gases introduced
into said reaction chamber at the time of deposition; and a first preheating of said
substrate; a third step consisting of a second preheating of said substrate, all conditions of
the second preheating being the same as the deposition process, with the exception of the
generation of plasma; and a fourth step in which deposition of a thin film is then
attempted.
In a process for depositing a thin film on top of a substrate by means of plasma-
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chem cal specie containing constitutive elenents of said sem conductor film
as the source gas and, further, using argon (Ar) as an additional gas; and.
a second step'in whi ch sai d sen1conductor filmis exposed to optical energy
or electromagnetic wave energy irradiation. It is also characterized by the
fact that the aforenmentioned sem conductor filmis silicon and the

af orenentioned source gas is a silane (SiHerr], Si[err]Herr],
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The present |r1ver%t|o {Sﬁr characterized by the fact that the

" af or ementHFBHEY"S FIFR rformed by pl asma-enhanced chenical vapor
deposi tion:

(1, Outline of the Fabrication Procedure of a Thin Film Semiconductor Device of the
Present Invention)

In the present invention, a conventional non-alkaline glass is used as an example
for substrate 101. First, an insulating underlevel protection layer 102 is formed on top
of substrate 101 by a technique such as atmospheric pressure chemical vapor deposition
(APCVD), PECVD, or sputtering. Next, a semiconductor layer such as intrinsic silicon,
which will later become the active layer of the semiconductor device, is deposited. The
semiconductor layer can be formed by chemical vapor deposition (CVD) such as PECVD
or APCVD or by physical vapor deposition (PVD) such as sputtering or evaporation.
Semiconductor layers so fabricated can be used in the as-deposited condition as the active
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(PECVD) . In a fabrication process of a thin film sem conduct or
device having a silicon film as

15 the active layer of a transistor, said silicon film being
formed on top of an insulating material on the substrate, at |east a
portion of which is an insulating material; the present invention is
characterized by a first step in which a srlicon filmis forned, said
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annealing (RTA) in which crystallization occurs in a very short time frame ranging from
less than one second up to about one minute at temperatures of 700 to 1000°C, and very
short time-SPC (VST-SPC) using low energy such as from a laser. Although all three
types are suitable for use in the present invention, melt crystallization, RTA and VST-
SPC are particularly appropriate when considered in light of processing which allows high
productivity for large substrates. The reason for this is that in these crystallization
methods, the irradiation time is extremely short and the whole substrate is not heated
simultaneously to a high temperature during crystallization of the semiconductor layer
since the irradiated area is localized with respect to the entire substrate area; and,
therefore, no heat-induced deformation or cracking of the substrate occurs. Following
crystallization, the semiconductor layer is patterned; and then semiconductor layer 103,
which will become the active layer of the transistor, is produced. [Figure 3 ()]

After formation of the semiconductor layei', the gate insulator layer 104 is formed
by a method such as CVD or PVD. [Figure 3 (b)] Several methods can be considered
for the fabrication of insulating films, but a fabrication temperature of 350°C or less is
desirable. - This is essential to avoid thermal dcgradation of the MOS interface and the
gate insulator film. This is applicable to subsequent steps in the fabrication process as
well. Processing temperatures following fabrication of the gate insulator layer must be
kept at or below 350°C. Doing so allows high performance semiconductor devices to
be produced both easily and reliably. Now, in general, the film quality of oxide layers
fabricated by methods such as CVD or PVD is inferior to films fabricated by thermal
oxidation in which the semiconductor layer is heated to around 1000°C or higher. For

21



an insulating material on the substrate, at |east a portion of which is an
insulating material; the present invention is characterized by a first step
in which a seniconduct or film having both amorphous and crystalline
conponent s, said anorphous conmponent having a columar structure, is
deposited; and a second step in which the crystallinity of said colunhar
structure sem conductor filmis inproved. The present invention is further

characteri zed y.the fact that th i oned, sem conduct filmis a
silicon f.qunpe ) the maig absqrytionpeal; P@ﬁﬁ‘b&g@éé&s‘s gmdﬁmqaﬁlme&yn conduct or
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substrate, mmuteb &n S houars oad oxidizing; anmhospheriechaging ian ouygeni pagialptessure bf froine
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film havin crysta ne “componen rphous
conponent mmg,t of fmh approximatelyi21°Grte 1003C, s p@gtaﬂﬁdfomyhmaﬁmoﬁhmh
-pl asma- enhpBeR EHE lof YRASGEdBRES | FbO&k m asld & CSHMticH, §P 1 N
whi ch the cralslt aI lyog E%g%wunnar sat(nr% © efEpdii i
e layer fabnca ed by P using monosilane &?IEIB and nitrous oxide (N,O) as the
source gases shows a main absorption peak around 1068 cm™ with a full width at half
maximum of about 110 cm™ and an absorption coefficient of 23600 cm™.  Annealing this

oxide film at approximately 350°C under an atmosphere having an oxygen partial -

- pressure of approximately 0.2 atmospheres and containing water vapor with a dew point
around 80°C for roughly 3 hours, the film improves to one which has a main absorption
peak around 1077 cm™ and a full width at half maximum of about 95 cm” and an
absorption coefficient on the order of 27500 cm™. Although the film quality of this layer
is slightly inferior to that of a thermal oxide layer, it is a good quality film for an oxide
layer deposited by a low temperature process of 350°C. In such a fashion, when
fabricating a oxide layer by a low temperature process, annealing in an oxidizing
environment following oxide layer deposition is extremely effective. Additionally, when

- fabricating the semiconductor layer of a thin film semiconductor device on top of an |
underlevel protection layer, it is also desirable to anneal this oxide layer in an oxidizing
environment containing water vapor.

Next, a thin film which will become the gate electrode 105 is deposited by a
method such as PVD or CVD. Since the same material is usually used for both the gate
electrode and the gate interconnects and both are fabricated in the same step, it is
desirable to use a material which has low electrical resistance and is stable with respect to
thermal processing around 350°C.  After deposition of the thin film for the gate
electrode, patterning and then ion implantation 106 into the semiconductor layer is _
employed to form the source and drain regions 107 and the channel region 108. [Figure
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sem conductor filmis inproved. The present invention is further
characterized by the fact that the aforenenti oned sem conductor filmis a
silicon film ' In a fabrication process of a thin film sem conduct or
devi ce having as the active layer of a transistor a sem conductor film

sai d sem conductor filmbeing formed on top of an insulating material on

t he substrate ~at least a portion of which is an insul ating material; the
present a, sem conduct or
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17 implanted region can be av01ded by performing the ion implantation at such a high

substrate temperature since recrystallization occurs simultaneously with damage to the
semiconductor layer. In other words, the ion implanted region remains crystalline
following implantation, and the subsequent activation of the implanted ions can still be
achieved even using a low activation annealing temperature of less than about 350°C.
When fabricating a CMOS TFT, the NMOS or PMOS region is alternately covered by a
suitable mask material such as a polyimide, and ion implantation in the appropriate region
is performed using the procedure above.

Next, the interlevel insulator film 109 is formed by either CVD or PVD.
Following ion implantation and interlevel insulator film formation, ion activation and
interlevel insulator film densification are carried out by thermal annealing in a suitable

- thermal environment &t temperatures less than about 350°C for a time ranging from
several tens of minutes to a few hours. It is possible for this annealing to be performed
using the same conditions employed for the annealing in the water vapor-containing
oxidizing environment following deposition of the gate insulator layer. ' It is desirable,
however, for this annealing temperature to be greater than approximately 250°C to
ensure activation of the implanted ions. Additionally, for effective densification of the



the present invention is characterized by a first step in which a

m xed-crystallinity senmi conductor filmis deposited in an argon
(Ar)-containing atnosphere; and a second step in which said

m xed-crystallinity sem conductor filmis crystallized. The present
invention is further characterized by the fact that the crystallization
proceeds by way of a brief nolten state during the aforenentioned second
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(2-1, Substrates and Underlevel Protection Layers Suitable for the Present Invention)

First, . substrates and underlevel protection layers suitable for the present
invention will be explained. For the present invention, substrates including conductive
materials such as metals; ceramic materials such as silicon carbide (SiC), alumina (Al03),
and aluminum nitride (AIN); transparent insulating materials such as fused quartz and

- glass; semiconductor substrates such as silicon wafers or processed LSI; and crystalline
insulators such as sapphire (trigonal Al>O3 crystals) can be used. Low priced
conventijonal glass substrates which can be used include Corning Japan’s 7059 and 1737
glasses, Nippon Electric Glass Co., Ltd.’s OA-2 glass, and NH TechnoGlass’s NA3S.
The type of substrate is immaterial for the semiconductor film; and, as long as least part
of the substrate surface is composed of an insulating material, the semiconductor layer
can be deposited on top of the insulating material. This insulating material is known as

- the underlevel protection layer in the present invention disclosure. For example, if a
fused quartz substrate is used as a substrate, it is acceptable to deposit a semiconductor
film directly on top of the fused quartz substrate since the substrate itself is insulating.



sem conductor filmis deposited by neans of plasma-enhanced chem cal vapor
deposition (PECVD) using argon (Ar) as a dilution gas; and a second step in-:
whi ch the said sem conductor filmin a m-xed-crystallinity state is exposed
to optical energy or electronagnetic wave energy irradiation. The present
Invention is further characterized by the fact that the sem conductor film
Is briefly in a nolten state during the aforerrentioned second process step
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| ncor por atsgfierihg aids added to the ceramics from diffusing into the semiconductor regions. In

the case of metallic substrates, the use of an underlevel protection layer is essential to
maintain the insulating properties. Further, with semiconductor substrates or LSI"
elements, interlevel insulator films between transistors or between interconnects serve the
role of underlevel protection layers. The substrate size and shape adds no additional
restrictions as long as the substrates do not shrink or distort in the thermal environment
during processing. Substrates can be anywhére on the order of 3 inch diameter (76.2
mm) disks to 560 mm x 720 mm réctangulér plates.

After the substrate has been cleaned in deionized water, an underlevel protection
layer of an oxide such as silicon oxide, aluminum oxide, or tantalum oxide; or a nitride
such as silicon nitride is formed on the substrate by CVD methods such as APCVD,
LPCVD, or PECVD; or by PVD methods. Using APCVD, it is possible to deposit a
silicon oxide film using monosilane (SiH4) and oxygen as source gases at a substrate

. temperature of 250 to 450°C. PECVD and sputtering can form underlevel protection

layers at substrate temperatures between room temperature and approximately 400°C.
It is necessary to have a sufficiently thick underlevel protection layer to prevent the
diffusion of impurity ions from the substrate into the semiconductor device, and this
thickness is on the order of 100 nm as a minimum.  Considering variations from lot to lot
or from wafer to wafer within a single lot, it is better to have a thickness greater than 200

* nm; and, if the thickness is 300 nm, the film can function sufficiently as a protection layer.
When the underlevel protection layer also serves as an interlevel insulator layer between
IC elements or the interconnects connecting such elements, a thickness of from 400 to
600 nm is common.
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thin filmsem conductor device consisting of a sem conductor filmformed on
top of an insulating naterial of the substrate, at |east a portion of the
surface of which is an insulating material; and said sem conductor film
serving as the active layer of a transistor; the present invention is
characterized by a first step in which a sem conductor filmis deposited by
nmeans of plasma-enhanced chem cal vapor deposition (PECVD) using chem cal
speci es containing constitutive elenments of said sem conductor film as
source gases and, noreover, using argon (Ar) as an additional gas; and a

second st@m isemidinatictbPEilfs ithéPleséhit Tivention ahdithe SBuARTGHIES G¥ed ko GRowS
| mpr oved. n a process for depositing a thin filmon top of a

I
substr at e'niﬁm means of plasnma- enhanced chem cal vapor deposition (PECVD);
the present i rfnahé pesent snvehiiom sémicoadudide fils hrierdeposited Pnisdmeftypetofa substrate
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pr eheat i ri§migonductgr glaysswla%%ilhogmgem-(%h@eu: G<xs1), éi‘S‘PFHC‘}S idgeat i ng bei ng
the sanme @Cihe drRQs), bh® perfiabiugtcarbidé {Ge,J0i&: 6¥REN} 1DV @Wmpduadgener at i on of
plasma; and,a fourtamgtep in ich deposition of . a thin filmis Lhen
at t enpt ecfemiconductoy sa%@%mm fﬁsgrg apdripdigmeantipogide (ISbsf o
subst r at e[I¥1 doRagpdand Senficéridiltor films such as cadmium selenide éCdSe). The present
19 venti enhanced CaB:Ee”ZS al. vapor lg,?ijSi't i“aﬂtép C,\/Dﬁ' thsiliéoresent
i nventi o1& lgﬂésr .“B?Plh‘i ] . F Py EPOg MR SUBATHED s set in a
react i on gevaasibm galliumearsenid eyGanisor nEd Yof 2ed) howell AyNdypsai d substrate,
and consi ghidatdiof HtnsTh Wi N6 Celdhertebitn as %ﬁ&épﬂar&lgmﬁfsenic (As), or

antimony (Sb) have been added and P-type semiconductors in which acceptor elements

such as boron (B), aluminum (Al), gallium (Ga), and indium (In) have been added.

When semiconductor films are deposited by CVD in the present invention, the

films are deposited using as source gases chemical species containing the constitutive
elements of the films. For example, when the semiconductor film is silicon (Si), a silane
such as monosilane (SiHy), disilane (Si2Hg), trisilane (SizHg), or dichlorosilane (SiH2Clp)
is used as a source gas. In the present patent specification, disilane and trisilane are
called higher silanes (SipH2p42: nisan ixﬁeger greater than or equal to 2). If
germanium (Ge) is the semiconductor film, germane (GeHy) is used; and when carbon
(C) is used or gallium (Ga) or arsenic (As) is made into a semiconductor, gases such as
methane (CH,), trimethylgal]i_um ((CH;3)sGa) or arsine (AsH;) are used.  Also,
phosphine (PH3) and diborane (B2H¢) can be used in addition if phosphorous (P) or
boron (B) are to be added to the semiconductor film. Although chemical species
containing the constitutive elements of the _varidus types of semiconductor films
mentioned above can be used as source gases, it is preferable to use hydrogenated species
of the constitutive elements since some of the source gases will always be incorporated
into the semiconductor film. For example, silicon films grown from dichlorosilane
(SiH2Clz) will always contain some chlorine (CI) whether in small or large amounts; and
this incorporated Cl can be a factor in the degradation of transistor properties when the
silicon film is used as the active layer in a thin film semiconductor device. Therefore,
monosilane (SiHy), a hydrogenated form of the constituent clement, is preferable over

dichlorosilane. As high a purity as possible for the source gases, and dilution gases if
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at a pressure higher than that at the tinme of deposition; and a first
preheating of said substrate; a third step consisting of a second
preheating of said substrate, all conditions of the second preheating being
the sane as the deposition process, with the exception of the generation of
pl asma; and a fourth step in which deposition of a thin filmis then
at t enpt ed. In a process for depositing a thin filmon top of a
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In the preﬁﬁﬁtthé%%gg\ﬁéegqmgv&%\e@,ﬂgﬂ&ggl non-al kali ne glass is used as an
exanpl e for subsirate 101. First, .an insulating underlevel protection |ayer
102 is formed on top of substrate 101 by a techni que such as atnospheric

pressure cqzesnnmvnmaodamshthmeieﬁwa)uoﬁ&vo or sputtering. Next, a

sem conduct o | ASTrRHED O tISEd I3AGr R b Bect Ul drihefdieore, e
| ayer can ¢nbasicsdebemiogl @pendqmbltlvamptodébﬁgm reactowssd inuthis imeni&ICVD or
APCVD or b’Yhe"@éVﬁaﬂeaugf% a btk ?éf %el?légﬁpléé t@g”éﬂdqgé Pﬁsnﬁ!x is

evaporation. Senjcon r ers so rabrica can use
as- deposi t saeratgshotvesn g@gal}e}] teelsctrades using an industrial frequency (13.56 MHz)

high frequency power supply. The top drawing in Figure 2 is an overall perspective of

the reaction chamber vicinity as viewed from above, and a drawing of cross section A-A'
is shown in the bottom of Figure 2. Reaction chamber 201 is isolated from the outside
by reaction vessel 202, which is in a reduced pressure condition of from about 0.1 torr to
10 torr during film formation. Inside of reaction vessel 202, lower plate electrode 203
and upper plate electrode 204 are placed in mutually parallel positions. These two
electrodes form the parallel plate electrodes. The space between these parallel plate
electrodes is reaction chamber 201.  This invention uses 470 mm x 560 mm parallel plate
electrodes. Since the distance between the electrodes is variable from 18.0 mm to 37.0
mm, the volume of reaction chamber 201 varies from 4738 cm3 to 9738 cm3 depending '
on the distance between the electrodes. The distance between the parallel plate
electrodes can be set freely between 10.0 mm and 40.0 mm by moving the position of
lower electrode 203 up and down. Moreover, when set to a designated electrode
distance, the deviation of the electrode distance over the 470 mm x 560 mm plate
electrode surfaces is a mere 0.5 mm. As a result, thie deviation in the electrical field
strength that appears between the electrodes is 2% or less over the plate electrode
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20 | ayer in the TFT channel region, or can be crystallized by
short-tine irradiation using el ectromagnetic energy or optical energy such
as fromlaser light. Wen the originally deposited sem conductor |ayer is
anor phous or a m xture of anorphous and mcrocrystalline material, this
process is known as crystallization. On the other hand, if the originally
deposi ted sem conductor |ayer is polycrystalline, the process is known. as
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heat - i nduc eghdd ai)mf souirce gases amd axtdmongl gises, flows ﬂtrsuglambe 86& andsis iftodduced ng

cen conduoty Pagriptiy SEEIERNINE, 3 o HEhs baReh bRy m?fﬁg 1 20 nggted

transi st or jnside Wg(jplg@@lec[rpdga@lb agd flgyp from the entlre surface of the upper plate
electrode into reaction chamber 201 at a virtually uniform pressure. If film formation is

taking place, some of the reaction gas will be ionized when it exits the upper plate
electrode and cause a plasma to be generated between the parallel plate electrodes.
From a part to all of the reaction gas will participate in film formation. Residual reaction
gas that has not participated in film formation and gases formed as a result of the film-
forming chemical reaction will become exhaust gases and be discharged through exhaust
port 210 which is in the top of the peripheral section of reaction vessel 202. The
‘conductance of exhaust port 210 is sufficiently large compared to the conductance
between the parallel plate electrodes. The desired value is one that is 100 times or more
of the conductance between the parallel plate electrodes. In addition, the conductance

- between the parallel plate electrodes is also sufficiently larger than the conductance of gas
diffusion plate 209; and that desired value is also 100 times or more of the conductance of
gas diffusion plate 209. Through such a configuration, reaction gas can flow into the
reaction chamber at essentially a uniform pressure from the entire surface of the large 470
mm x 560 mm upper plate electrode; and, at the same time, exhaust gases will be
discharged in all directions from the reaction chamber in an even flow. The flow rates of
the various reaction gases will be adjusted to their designated values by mass flow
controllers prior to entering tube 208. In addition, the pressure within reaction vessel
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After formation of the sem conductor |ayer, the gate insulator |ayer 104 is
formed by a nethod such as CVvD or PVD. [Figure 3 (b)] Several nethods can
be considered for the fabrication of insulating filns, but a fabrication
tenperature of 350[err]C or less is desirable. This is essential to avoid
thermal degradation of the MOS interface and the gate insulator film This
Is applicable to subsequent st eps in the fabrication process as wel | .
Processin e ure ||O\NI e of th a ulator |ayer
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cont r avt - CergeHR RO EBA by Feh BB Bk 2 O\?&mgp AR SRR SREOD oF
Eggl get frlr{)ds.SGMHa high&thﬂx&i@lv_ﬁhveﬂ{lﬁr arg gendrited ﬁfoni highfiétpenay osvdllatiomaxi mnum of

cnerr n [ pLion | .
Consequontiipy 358 SuPRITb Abber il Siebiids Ak MioupANgPAHc: SRGERE brouit
desirabl e214r inferior oxide |ayers fabricated by CVvD or PVD nethods.
Specifically, h@%ﬁﬂ%ﬁ abggeq:%é semeqfdeét*e r@%dt&euéeéﬁﬁfmﬁﬁv&tleﬁﬂﬂeﬁﬁ ure

bet ween appr ox] ma Olerr err]Cis carried out for"a tinme

rangi ng f pephistiseiad n&e—%%mdegntmabmse} %“q ‘H“f&ﬁ“&ﬁ Howi by ahidiPher e havi ng
an oxygen fd}ﬁfahb@}eaetroeﬂw isabl tolliafidle 228¢ suwmbebﬁ/s@ thna 4655BhEh 8Bt O 3

: at mospher El%wever, gy mere 7 n al i {qu th\évg bearsm\é:% cep‘ts, V¥I can easﬂy handle further
enlargements in the substrate. Actually, it is possible to produce a reactor that can
handle even larger substrates of 550 mm x 650 mm. In addition, although in this
invention the most common 13.56 MHz high wave frequency was used, whole number

multiples of this frequency may also be used. For example, a double frequency of 27.12
MHz, a triple frequency of 40.68 MHz, a quadruple frequency of 54.24 MHz, and others
are also effective. Additionally, VHF waves from 100 MHz to 1 GHz may be used. If
the rf frequency is from 10 MHz to several hundred MHz (VHF), it is possible to
generate a plasma between the parallel plate electrodes. Therefore, by changing h1gh
ﬁeqﬁency oscillator supply 213 and impedance matching circuit 214 of the PECVD
reactor used in this invention, a plasma using electromagnetic waves of a desired
frequency can be easily generated. In general for a high frequency plasma, if the
frequency is increased, the electron temperature within the plasma will increase and
radicals can be easily created. For this reason, as will be explained later, this is
particularly effective for the thin film formation method of the present invention.

(2-4, Semiconductor Films in the Present Invention and their Deposition using PECVD)
The semiconductor film of the thin film semiconductor device of the present |
invention and the method of forming the film using the PECVD process will be described.
After forming the underlevel protection layer on at least a portion of the substrate surface
using an insulating material, such as a silicon oxide film, a semiconductor film is formed
on top of this underlevel protection layer.  Ultimately, a thin film semiconductor device
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dew point of from approximately 20[err]C to 100[err]C, as a catalyst for
the reaction which inproves the quality of the oxide |ayer. For exanple, in
the as-deposited condition, a oxide |ayer fabricated by PECVD using
nonosilane (SiH err]) and nitrous oxide (N err]O as the source gases shows
a mai n absorption peak around 1068 cnierr] with a full wdth at half

maxi mum of about 110 cnferr] and an absorption coefficient of 23600cnferr].
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regi on 108.to[0-7 gum, dor example, the equilibration time can be decreased nearly proportionally2o

three to four minutes. If the substrates are preheated prior to being set in the reaction

chamber, it is again possible to decrease the equilibration time. Particularly, if the
substrates are preheated at a temperature approximately 10°C higher than the substrate
surface temperature reaches in equilibrium, it is possible to achieve an equilibration time
on the order of one minute. It goes without saying that a decrease in equilibration time
means an increase in throughput and a decrease in product prices. Also, in general, the
substrate surface temperature at equilibrium decreases if the pressure in the reaction
chamber is low. Consequently, following a first preheating during the initial several tens
of seconds to several minutes after the substrates have been set in which a gas with a
higher thermal conductivity (such as hydrogen or helium) than the gas introduced into the
reaction chamber during film growth is introduced into the reaction chamber, or in which
the reaction chamber is maintained at a higher pressure than it is during film growth, or in
which a combination of these two conditions in which a gas with a higher thermal
conductivity than the gas introduced into the reaction chamber during film growth is
introduced into the reaction chamber which is held at a pressure higher than that used for
film growth and a second preheating lasting for an additional several tens of seconds to
several minutes during which the various process conditions mentioned above (type of
gas introduced, gas flow rate, reaction chamber pressure, parallel plate electrode
separation distance, lower plate'electrode temperature) are identical to those used during
film growth with the exception of plasma excitation; film growth may be attempted. It is
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3 (c)] During this process, the gate electrode acts as a mask for ion

I npl antation so that the channel is forned only underneath the gate in a
self-aligned structure. For inpurity ion incorporation, both ion doping, in
whi ch non-mass separation equi pnent is used and hydrogenated inpurity
species as well as hydrogen are incorporated into the film and ion

i npl antation, in which nmass-separation ion inplanters are used and only the
desired inmpurities thenselyes.arg incorporated.into the fjl ar '
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carry out tRgcrh)IPedn be/exppdssachdsl on at a | ow tenperature of 350[err]C or |ess
(this is known “as IZ% rrpr@r@igée activation in the present application),
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i npl ant at i oDefinkfg eotaplete replhcenteneasnes 1070 the axpreasivin can befrewierast y i ons . |
i nplanted in the EZ@?@@"M }:OE%r | the transistor threshold voltage or :
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words, the ion inplanted.region reqains crystalline fqollow ng inplantation,
and the surNAYRAHnE 31,61t Bmotmhers st semiropdiior im deppRfome achi eved
even usi ng Additivnallg} the stibstatectemperatung didippfimegroweh nbulting frotnthe sedoadt
350[err] C . ' [ ng TRL .40 eqi i

al ternat el ﬁ%@%&’%‘gg&w@"gﬂi ?g%@%&? arra.gprhlea gﬁf%f%@ 5&%%03:&&1 ‘e:?ndand

i on i npl antpreheating aret stabiligod mdyichi leads to thyi depositiopef 4 wnifornh filmiint¢ermsof flmcedur e

above. thickD&Y! , AuliiohdliySh "Lse%&.gib!:e'ié \dkérba¥e the LR RidnSrhOAIRE dre &1 t her
CVD or PVD. Fol Iaéoi%ng Lon rnplantation and [nter emeglthl I nsul ator 1l m

[ N
formation, ion nequilibration has heeareached i this mapngs, frrqyensyiis aeplied th ar e
carried outthbrppémmah leleemdsuaatb bi:%g&ﬂerial& tﬂccplfdkrhilh%@s_eiﬂiaﬁﬁabt_oﬁﬂh% gwwmabaﬁs.l
t enper at ur ess.than about . r or.a tine ranging. fram several tens
of bt nat oo Tt HIBT ieaer Bower s pOO §, 8bx el A eich Hiichh dFRcefien
per f or med umindijion$is asahewnbeldwt i ons enpl oyed for the annealing in the water

vapor - cont ai ni nosiggE fbd fAG; envi r onnegyiy,f-060 Scwp deposition of the gate
i'nsulator layer. It is desirable, however, for this annealing tenperature
to be greater thAmgoaflomostemt el y 250AeFBAP00 BECM (ouecesoncepiration1§6%he

i'npl anted ions. Wigtiffdqeardylppwef:0r efREetdo0ewdo2e8 Wea?2) on of the

Pressure: : P =1.5 Torr
Electrode separation: S =24.4 mm
Lower plate electrode

temperature: Tsus = 380°C

Substrate surface
temperature: Tsub = 349°C
The deposition rate under the given conditions was 0.327 nm/seé, and the hydrogen
concentration of the silicon film measured by thermal desorption spectroscopy (TDS) was
9.10 atomic %. Transmission electron microscopy observation revealed that the silicon
film had both amorphous and crystalline components with the amorphous components
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23 interlevel insulator film a tenperature of 300[err]C or

hi gher is preferred. The filmquality of the gate insulator |ayer and the
interlevel insulator |ayer are nornmally different. Accordingly, during the
openi ng of contact holes in the two insulator filns following interlevel
insulator filmformation, it is common for the etching rates in the two
films to be different Under such conditions an inverse taper in which the
bottom of .t he contact hole is w der_than t to or theforcgﬁtion of _a

canopy caili‘aY‘égFﬂ ly $EQlHmgartRCtUre g T et BPesedict ur es
can be causpag mﬁemnnat ubed ntdnefﬁiﬂsvmdﬁsmedewndefkmm | ayers
In the devic Ieadi n ﬂi %e a?(ea}%t failure. The I on of
contact f &P éc%’gr? Mith bf‘g? VEhiehy 1§ ngl Seep f rcsélfcf)ﬁ &

i nt er | evelprionan las sloowif mIl?rgurE6Ichnhe sepnfin theateighborhbod b£5200¢r? | e’]?hklsitheul at or
| ayer, hal r and
soﬁr ce angia%&gi 1 ﬁggﬁeoﬂgagﬁ‘g%%lﬁé%ﬁc%%ﬁec?"ﬁar eﬁicg*rlgek%se or CVD
t o conpl etthe siliconfidins obtained fropf the msgmimvmnommfmmtﬁhmwwm bolFi gur e
3 (d)] oqg}@ug Qi?sﬁﬂﬁl@b&ngéﬂemsse'ﬁﬁ QIS éﬁko@%hﬁ Sechiam P Rsgat e

t.op | a

el ectrode gn | de e sem conduct or has, been expl ai ned as
an exanpl &ilicon filgsds shawn is Figyrs 4. pi%%@mm%ﬂ%wukmrmmﬁéﬁmﬁpi ied to a

thin fil m(Fgﬂi nﬂ#&él@z[rlycké arafed\WBssPti (taf feae 202 EAY EpaaR 16dagioROL t oM
side of the sem cpond Qr la} anat i ons, of
i vi duaiusiE apet 2088 bm 8 2106 o °5‘i‘ %E%P#ﬁ?twwwgeﬁ%e%duct or

Devi ce of 208@ cﬂl’lee 2088 bm\})a rhd étrcan be seen that the intensity of the absorptlon peak near
. 2102 cm™ is stronger than the intensity of the absorption peak near 2000 cm™ (peak

location runs from about 1980 cm™ to 2020 cm'l). The absorption peak at 2000 cm™ is
the stretching mode of hydrogen bound to a-Si (Si-H). Previously, stretching modes for
hydrogen bonded to silicon as (SiH,) or (SiH,), apparently have appeared near 2090 cm™
(references: M. H. Brodskey, M. Cardona and J. J. Cuomo, Phys. Rev. B 16 (1977)
3556 and G. Lucovskey, R. J. Nemanich and J. C. Knights, Phys. Rev. B 19 (1979) 2064).
In the present case, however, based on the fact that the peaks at 2102 cm” and 2084 cm™
are considerably stronger than the peak at 2000 cm’; the fact that there is a large
crystalline component in the semiconductor film; the fact that when the growth conditions
are changed such that the fraction of crystalline component increases, the peak at 2000
cm’! decreases while the peaks at 2102 cm™ and 2084 cm™ simultaneously increase; the
fact that when using TDS to measure the amount of liberated hydrogen as the
semiconductor sample is heated, in contrast to samples which show the normal 2000 cm™
peak and have the largest liberation of hydrogen for sample temperatures around 300°C,
the samples in the present system produce large amounts of hydrogen around 370°C; the
peaks which appear at 2102 cm™ and 2084 cm™ are unique to this system, and seem to be
a result of vibrations of hydrogen bound to the crystalline components in the mixed
crystallinity films having both amorphous and crystalline components.  Additionally,
because two distinctly separate absorption peaks at 2102 cm” and 2084 cm™ do not
appear for previous microcrystalline silicon (hydrogen-based microcrystalline silicon)

- deposited by PECVD using hydrogen as a dilution gas, it can be said that the two peaks
are peculiar to argon-based deposited silicon. Put another way, the peaks at 2102 cm?
and 2084 cm™ appear most readily for mixed crystallinity films deposited using argon as a
dilution gas. Ultimately, silicon films deposited by PECVD using silane, which contains
the constitutive element of silicon in the semiconductor film, as a source gas and argon as
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(2-1, Substrates and Underl evel Protection Layers Suitabl e for ‘the Present
| nvention) First, substrates and underl evel protection |ayers
suitable for the present invention will be explained. For the present
i nvention, substrates including conductive materials such as netals;
ceram c materials such as silicon carbide (SiC), alumna (A1203), and
aluminumnitride (AIN); transparent insulating materials such as fused
quartz and gl ass; sem conductor. suhstrates such as siljcon wafers or
o oessed LESaier g A aaa Frseliny o SHER cuf iR sphod: S0Pl 1202
crystal s) covmponents.edAdditivnally] thest semivondadtonfilmsgontain Sorhabouttlds tovdi%h can
be used ingl ude r i Japan' 1734 gl e L bp tric
G ass oo iRl BhdGHgRRIbhals Siicon ARt erid i uRER o SRR ' ©
substrat e iobsenvedineari2d02 tor ant 2084 cinCondad; sincethalogen spedies aschiasng as | east
part of { Necfeathitrodthfic (Siff 3fndt HsCPARRBAI P0G hBZH Bbinbfls BRIRE bedy 1 he
t.0p of I

sem conduct or | ayer ca deposited o the“insulating materi al .

Thi s i nsul dn¢arpomaieddatodhe semigonsiton flmyebtainerd fromthe prosent systemresultipgin i n t he
Present i NVafeinely HEHART Hirfis. FoP theSAREBE Brevity, tifest Séxficortisaior At rate is

used as a sybstrate, It is, acceptable _to deposit, a se onductor .film
di rect | y -orPPPEsyIated as{Ar)}-rak 'ﬁ{}’éﬁaﬁ‘i"% ﬁ“éﬁ%seé’flﬁ%sé?‘?‘;?@ﬁ%‘ﬁ-bst rate itself is
i nsul ating. The (Ar)--mixed-crystallinity semiconductor films obtained thrédgh the present O,

o ool b SRS S RRHR R AP B018) a3 AR
nitride (Sidhenne} Mgion br eittey end ¢ollecton regionsaer bese regian)imthiofilnt op of t he
G2 VSl AR il A U iy oSS L L
it is desirayitadlizasionsispsi Beeavse thesemisenduater filins jofitherpresent \uention gea highr of an
i nsul ati ng pipReid M¥RlonBd GbieldndRohi@inShrge WhIduAS of clystallihe 22gi6H3 wWithi tHle! CON
nitri de. to a?ﬁ/o%lgougggggtrxsaénld rt]:cz(1)1Ise rt’iﬁablIeslsethzlmoz?psproximately 10% hydrogen terminates

defects and dangling bonds in the émm_‘phous and crystalline regions, thin film

semiconductor devices fabricated using these semiconductor films show good electrical

characteristics with mobilities of 2 cm2-V-1-sec! or more. Further, the semiconductor

films in the present invention reflect these good film qualities, and it is possible to

fabricate MOS-type TFTs using the process described previously in-(l, Outline of the

Fabrication Procedure of a Thin Film Semiconductor Device of the Present Invention).

In other words, even without a special crystallization step, jon implantation and '

subsequent low temperature activation anneal at approximately 350°C are possible and

applicable to the fabrication method of Section 1.  Since the maximum processing

temperature of that fabrication method is around 350°C, self-aligned thin film

semiconductor devices can be formed easily on top of substrates which have low thermal

tolerance such as common, large glass. In the thin film semiconductor devices of the

present invention, because the overlap between the gate electrode and the source and

drain regions is small, the parasitic capacitances between the gate and source and between

the gate and drain are small. As a consequence, the operating speed of circuits

composed using thin film semiconductor devices of the present invention can be increased.

Additionally, if the thin film semiconductor devices are used in switching elements for

AMLCDs, it is possible to decrease the storage capacitor by means of improved precision

and both of these improvements can lead to the realization of a liquid crystal display with

good picture quality and the possibility of a high aperture ratio display. -

There are five important parameters during the deposition of such good quality
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| i ke sodium (Na), which are contained in the glass substrate, into the

sem conductor film By so doing, the operational properties of the

sem conduct or device do not vary under operation over a long tinme period or
under high voltages, and the stability is increased. In the present
invention, this stability is called transistor reliability. Wth the
exception of using crystalline insulating materials such as sapphire as

substrat es,sehﬁco'nﬁu&@nsﬁlfxﬂtﬂg Ecwﬁep?ﬁésk a}me%@wqaérﬁsﬁa ad thd ARG rdtOP Of an
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added 't o t hfjofRilaig) &sthetonl @hd susbbftlic hidifiond) QaS@UHEA ) Ahd HRBEOAAS- In the
case of netall.ic substrate t he ,use, of an ‘g)grl evelfﬁgot ectijon I

essential t&SHaPTitHrh clerleofaieprmationtisiaper, and pibstrate spifife;tmpgratyre. These
sem conductfactossubilitnest iesexplairedibelowenent s, | nterlevel i nsul ator filns

bet ween transi stQrs tween . nt onne th der| evel
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i s common. react the instant they arrive at the substrate surface, selectmty is loststhereby preventing

crystal growth at the surface of the semiconductor film. For these reasons, the
generation of such radicals and ions within a plasma must be avoided at all costs. The
source materials are carried to the surface of the growing film in an inactive state and
_become adsorbed there. Subsequently, if energy for reaction is supplied, such as by a
dilution gas, a mixed-crystallinity film with a high degree of crystallinity will be formed in
the as-deposited state.
Consequently, dilution of the source gas is desired, and this gives rise to the necessity of
selecting as the dilution gas a gas that promotes reaction of the source materials on the
substrate surface. It goes without saying that argon is composed of individual atoms,
and, for this reason the ionization potential spectrum is very simple. The first ionization
potential of argon is 15.759 €V, while the second ionization potential is 27.629 eV, and
the third ionization potential is 40.74 eV. Therefore, when a small amount of source
material is diluted in argon and a plasma is generated, both the monovalent jons and
divalent ions are dominant; and, as a result of the relatively low ionization energy, argon
radicals and ions are generated. In contrast to this, there is hydrogen, widely used as a
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(2-2, Sem conductor Filnms in the Present Invention and the Source Gases
used to G ow Then) In the present invention, sem conductor filns
are deposited on sone type of substrates. This is a feature conmon to all
the following inventions. In addition to being applicable to single elenent
films such as silicon (Si) and germanium (CGe), the follow ng types of

sem conductor filns are al so possible: group IV conpound sem conduct or

films suchiiag ﬁgisiﬁ ﬁ%rwméﬁh{o%f&%mlmﬁsw] ep%téﬂtﬁmxfsarb' de

(Siferr]C err 0<x<1 and ger mani um car bi de % 0<x<1 [11-V
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sel eni de resent i nv SO

S e et Aeshed 7 et ebS oo ethy SR a?ﬁ:gﬁv F'seni de
B P SR AT ST R hgd] Wty bttty S

arsenic ( Z‘é@ e@ﬂtw %%Bﬂ eﬂg r%oggﬁﬂ%cgggﬁqg%wg%h@%@ LB ®nduct ors i n
whi ch accémsportddemm substrath surface mcye cff@yivelyl whennbesousde) gas dedilutedby Ga), and
i ndi um (1 @%Mﬁcﬂ Wﬁfhzauon pot%ntweqniaaiﬁﬂg@ﬁgﬁﬂ{ ogﬂé ué@e?{ ughggpPosi ted

by CVDint resent 1 nvent as source

gases chereligm (HEb@P%(f&@nk%IPmnr(Erflm X€00% (XQ)mmf ceu@ﬁ@lspéae@pedm films.
For exanpl ; ch a
rrgilosi(l gﬁe‘ﬂ utuWﬂRﬁt rl). Si ) ;Hr?e %iaﬂﬁtggﬁ%ﬁ ﬁlti:ﬁrgl g?}%rllse&( Sillg[eeeﬂrifs]esHl[Jer r )S
or dichlo PW&‘PP’@‘E% t§ ﬁé # as a source gas. In the present
pgft [ent ]Sﬂ[eCI f | dﬁhddinontb melae&lemetgyltﬂnbmpmpertieabf mdrtfgasﬂsas cslhbaees
i[err r | i nte rmani um
EGe) st gﬁ?%rror? ﬁ'gdu@tﬁgrgqs?ﬁg%goggﬁﬁgﬁgse%segﬁc@ngﬁg glﬁSeézs aa{ﬁﬂ‘l n car bon
(O is usqmohabﬂtgjafdrla:gm(@)mgwf tmsabhlscm(cmgluqtm atomie haviegtwo eethr@on;:luct or,
ases suc EE?“?HOP‘ ﬁ%f % %ﬁa—‘tlgﬁ or
gr3| ne (Ars11 re use hl ne g’ﬁré oraar%{s?% 6) can be
used in adra?qmﬁﬁrhlsherﬁhaﬁstbﬁcf%ﬁgﬁ(ﬂ %tpmsamﬁcm} <Compopentadded to the
sem condu@dseduehtly, séinicbRa@RordiRE dEstsited Bsihe Srg6n B aumtm gab BavReet t Ui ve

I t t.h t d fil d ab b
ised as s Qapete s BaR stk BSRaElor s ASHeSHE Bing g AV ERR Bs of e
const i t ut ibeBum femdilution and tead $o hevedfighch degrees aferystallization (the adtivanfihde
| ncor por al g difleobfiniiTh Y. © FulthlAhs EPdsuff SEIHR'shime BhiblipR]nk! | ™ 9T ovn

from di chl
deposited film is composed of relatively stable groups of atoms because the unstable

atoms are selectively removed by argon during film growth. This means that even if the
argon-based semiconductor layers in this innovation are subjected to large energy inputs
during a short time, effects such as atom scattering from the semiconductor layer do not
occur easily. In other words, it is difficult to damage Ar-based semiconductor films
during crystallization by means such as laser irradiation and rapid thermal annealing in -
comparison to hydrogen or other gas-based semiconductor layers; and Ar-based
semiconductors are more suitable for crystallization. Also, as explained in relation to
the TDS measurements, the activation energy for desorption of hydrogen bonded to the
Ar-based semiconductor layers of the preSent invention is higher than that of hydrogen
bonded to normal semiconductor layers, and desorption begins at a higher temperature.
This means that the liberation of hydrogen during crystallization proceeds relatively
slowly in Ar-based semiconductor films even for a large energy input in a short time
period (a semiconductor layer heating rate of from about 10°C/sec to 10'°C/sec), and
damage to the semiconductor layer does not occur during crystallization. In contrast,
when light elements such as hydrogen or helium are used as dilution gases, there is a large
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(SiHerr]dJerr]) will always contain sone chlorine () whether in snmall
or large anounts; and this incorporated C can be a factor in the
degradati on of transistor properties when the silicon filmis used as the
active layer in a thin film sem conductor device. Therefore, nonosil ane
(SiHerr]), a hydrogenated formof the constituent elenent, is preferable
over dichlorosilane As high a purity as possible for the source gases, and
dilution gase

need be, &Y 'Bé ﬂfé'ﬂftéble&?ﬁ%ﬁ‘&'é*}w&4%8?“"8&%5“&‘?4‘&1?‘&3%“ ofthe FPé’rtséiEWhol ogi cal
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| f the pur a:tgybnlxﬂh@&xcﬁﬁﬂﬁ%(eldﬂmwn fas tbﬁthe(prﬁénﬂm%nﬁﬁ{x &ﬂro]wedrbylmsgasest here is
absol utely n?lig ﬁl em as use as a source gas; and, in the ideal case in

whi ch the | Wien times that of the ratio of the background pressure
to the process mmﬁbma(mnemmmetgaecm@mmomm gas/(sonrae gas+rati o

of 1 x 10[ Ec‘idxﬂl%&ﬂ gﬁsﬁ);c?ﬁorgpié Q‘T?% %}%,\/ 1s%fnebé§9é}9'c6 oﬂ r %% PhetsS

need not even D React or use resent
| nvent i on) Substrate surface temperature, there are also necessary conditions for the other two

parameters; and the (Ar)--mixed-crystallinity films of the present invention can only be
deposited when the necessary conditions of the three parameters are simultaneously
satisfied. (Ar)--mixed-crystal]inity films can still deﬁnitely be deposited even if the other
two parameters have values near the necessary condition values (when it seems as though
the necessary conditions will be violated) when the source gas concentration is less than
or equal to approximately 3.23%. If the concentration is too low, because the
deposition rate becomes slow, the effects of oxygen and water from the background
vacuum and impurity gases such as carbon dioxide cannot be ignored; and the
semiconductor film quality deteriorates. If the concentration is around 0.36% or higher,
these impurity effects disappear; and good quality semiconductor films can be obtained.
The necessary condition for the pressure is approximately 1.0 Torr or higher. (Ar)--
mixed-crystallinity films can still definitely be deposited even if the other two parameters
have values near the necessary condition values (when it seems as though the necessary
conditions will be violated) when the pressure is on the order of 1.6 Torr or higher. If
the pressure is too high, the plasma is unstable; and it appears that anomalous discharges
are generated.  For the gas flow rate ratio used in the present invention, a pressure of
around 2.7 Torr or less is desirable to establish a stable, uniform plasma. The necessary
condition for the electrode separation distance is around 17.8 mm or greater. (Ar)--
mixed-crystallinity films can still definitely be deposited even if the other two parameters
have values near the necessary condition values (when it seems as though the necessary
conditions will be violated) when the electrode separation distance is around 25.4 mm or
larger. If the electrode separation distance is too large, the plasma is again unstable; and
it appears that anomalous discharges are generated. A stable, uniform plasma is
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First, Figure 2 will be used to describe the general configuration of the
pl asma- enhanced chem cal vapor deposition reactor (PECVD reactor) used in
this invention. The PECVD reactor is a single substrate
capacitively-coupled type, and the plasma is generated between parall el

pl ate el ectrodes using an industrial'frequency.(13.56 VHz) high frequency
power supply. The top draw ng in Figure 2 is an overall perspective of the

ecti on A AECHEGe b perdenh IR T DR PRt e sePREich SRR IS ED8E | <
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27 example; pyipgthe Peﬁ(?alwa ﬁe@iarrdsm“byd erhS¢¢énom2p$ withw menogiane flowergteni t hi n
reaction chemiperscaflan asgmﬁﬂds\atrae 8P F000'scoh (@hndndkihnk icbiReRMTsH &f 141 % rf O

take place I wer o?%SKSJV‘?(pow ensny o\% 228 W/cm’ ), pressure of 2.25 Torr, electrode

separatlon distance of 35.56 mm, a lower plate electrode temperature of 380°C, and a
deposition rate of 0.1703 nm/sec gives about 1.83 atomic perceni showing that it is
possible to decrease the hydrogen content to near the level of amorphous semiconductor
films deposited by LPCVD. |

As explained previously, in this system, the energy to promote film growth
reactions on the substrate surface is provided by ions and radicals from the dilution gas.
The lifetime of these ions and radicals, however, decreases exponentially with pressure
and electrode separatioh, This is because the probability of ion or radical collisions
increases as the pressure increases or the separation distance increases. As a result, the
deposition rate DR (nm/sec) can be expressed by the following equation.

DR = dy exp {-(aS + BP)} |
Here, d; is known as the pre-exponentlal factor (nm/sec) and is a coefficient determined
by factors such as the gas flow rate, reactor geometry, rf power density, and substrate
temperature. This coefficient has a strong positive correlation to the silane or other
source gas flow rate. That is, as the source gas flow rate increases, dy increases
accordingly. S is the electrode separation distance (mm), and P is the pressure (Torr).

. Using the PECVD reactor described in Section 2-3, a monosilane flow rate of 100 sccm,
an argon flow rate of 7000 sccm, rf power of 600 W, and a lower plate electrode
temperature of 380°C, dy , o, and P take the following values.

do = 8.70 (nm/sec)
a = 0.0522 (mm™)
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pl ate el ectrode 203 and 2 mm of the substrate edge is held down by shadow
frame 206. Shadow frame 206 has been omtted fromthe upper draw ng of
Figure 2 to nmake the overall draw ng of the PECVD reactor easy to
understand. Heater 207 is installed. within |ower plate electrode 203. The
tenperature of |ower plate el ectrode 203 can be adjusted as desired from
250[err]C to 400[err] C. Except for the peripheral 2 nm the tenperature

di stribution wgth t}l ate electrode 203 is within 5.0[err]Crelative
to the set-poi I@[ P@E%@Xf%fﬁ . Essentially, even if the size of substrate
205 wer e Jh6 (Ary-midabcnystallininefilmsmf ¢heprasent thyenticni ave fahricdtedwhiletheubst r at e

can be nai gl ass
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t aki ng pl reaction when it exits the
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parti ci pated i KT¢SSWS; f or mati on and PgaddslBrnmed as a result of the film
form ng chem c$lectiode ké tioind | bec@m4gxhﬂust gases and be di scharged '
t hrough exhaus 0 which is i p ri pheral section of
reaction vessefH &bé’eq“m‘é"%‘ﬁﬂtjct angg‘- ?&&ﬁa&@%z%g@ 10 is sufficiently

| ar ge conpar ed Liower plateclentrodeance bet ween the parallel plate el ectrodes.
The desired valu that is 100 ti Q e of the conductance

bet ween the par af'elrda% ?ll%’te el ectrodes. :;Fr%ﬁad |th(E)n t he conduct ance bet ween

the parall el plsab%mé?@!!’facédes is also sufficiently larger than the
conduct ance of g@‘fmﬂfﬁﬁr@& on plate 209; Taae=t3agtcdesired value is also 100

Cont | gur aeGse, WD B Ampseed Bier e s ip el TBgn ik i peenr S

essenti al Idyv:eeme tmrally ph ﬂmder dfrsevaralhensarﬁnm ® svehbinmdodd mm€sut:laa ge 470 nm

be di schar Irections e re__ I'on C even flow.
The flow Wmes lbliso,tahdemtd)weﬂwdﬂi@na depnsitiopirate 058 laic:m’gqcezr higher isei r

desi gnat e@eﬁﬁlblé%r Qﬁysi@?ﬁ i WhiehHe 3246 of he rdspﬁitt@fprtssummné BétkkrdaRd 208. I n
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pressure or the ratlo of i unpuntles in the gases 1s on the order of 10-5 to 10-6. The
reason for this is that such a deposition rate seems to be able to avoid the negative effects
of impurity gases such as oxygen, water, carbon monoxide and carbon dioxide when they
are incorporated into semiconductor films for this level of background pressure or gas
purity. - If a film is deposited with a deposition rate of less than about 0.15 nm/sec, a low
quality film with low density and a large amount of gaps results; and the purity of the
semiconductor film also decreases. Therefore, it is desirable to deposit high purity, high
quality (Ar)--mixed-crystallinity films while simultaneously satisfying the various
conditions mentioned previously as well as a deposition rate greater than about 0.15
nm/sec. Why 0.15 nm/sec is a threshold value is not certain, but if the pressure ratio or
the ratio of impurities mentioned previously is decreased from 10-6 to a high-vacuum,

" high-purity ratio on the order of 10-7; it is possible to decrease the minimum deposition
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28 202 will be adjusted to the desired val ue by conductance

val ve 211, which is located at the exit of the exhaust port. A punping
system such as a turbonol ecul ar punp, is |ocated on the exhaust side of
conductance valve 211. In this invention, an oil-free dry punp is used as
part of the punping system and the background pressure within reaction
vessel s such as the reaction chanber is set to the 10[err] torr level. In
Figure 2, ow t he general flow of the gas. Both
reaction vgéég*@§%§%gﬁﬁﬁ%r ¢ é}Iate el ectrode 203 are at ground potential.
These and upper Af tmtélogpéebqudré thepdevepaintafpseduction practieadityis daeludedi s ul at i on

ring 212. \Rgfbk Minfitid defostfinGar!i®trouh@0. 351758, © It Q?)o@h@olé@sﬂh%e&ﬁ%uency
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handl e | ar geac&ubsha:ﬂteepumbu@f‘s@eedﬂpas&ﬁ&wmﬂ in size. However, by ner eI y

adhering to the %?é, Soncepts It can easily handl e further enl argenents
I n the substrate. apl , I's possible to produce a reactor that can

handl e everlnltlmgremphg;m@p& smcegsoomrgas fsmorater(Q + A025SCEMs the presshalyh i n
this inventd rgﬁylg B, f_rzeapg@g ed,

whol e nurrber2Hr7]ru’rrot?'|eE)llﬁ‘:g?Lmﬁﬁ |sb&}“§@ % 56&1&}3& sgﬁ%e use . DIgloh‘rﬁqél;{g?fpl e, a
doubl e fre$&EMim T 42167 Ksep). da‘i‘tlf‘?rﬁi‘%lg weedandskeeping they quadr upl e

frequency eres'é&eiﬁ%eazhtzls passﬂalet&ﬁé&a@rtﬁe g&ssﬂbveiattem \smcemadépoeiﬁah rate - VHF
waves from 100 VHz to. uen%xells from 10 VHz

o sever al TR SRR Rve gRs AR v i Rurds e A ate I RSB 3neflE: ween
t he paral | ¢he qlﬂpasmon ke usingl de. gas flowaher@., Bor oxhmply] rfghd]p\ghplﬁg amaaémy

osci |1 ator r%h'iBF? tish é&h@i‘&t{x?@&%ﬂ%ﬁ@ﬁl&@i f@o%@cfwnﬁT&Htﬁ

reactor use S 1.nven ma_ usin I C vvaves of a
desired fr depuease theges flow ratedhy tgn gmem gilpne ﬂnwgemfélﬁoﬁﬁ%m apd ghargoaquency
plasma, if flodfrate of 70000 SCCM. The result is that the source concentration, pressure and

other deposition conditions are kept the same as in the exafnple, but it is possible to

" increase the deposition rate by roughly ten times (0.017 nm/sec). Increasing the
reaction chamber pumping speed Sp results in a higher vacuum condition for the
‘background pressure, and decreases the mcorporanon of i nnpunty gases into the
semiconductor film. Although in this example Sp = 2.60- SCCM/mTorr, it is desirable to
have a reaction chamber pumping speed of 10 SCCM/mTorr or higher in order to obtain
a deposition rate (0.3 nm/sec or greater) which will realize a high purity, highly crystalline,
~highly dense (Ar)--mixed-crystallinity film.

(2-5, TFT Thin Film Semiconductor Device Channel Layer Thickness and Transistor
Properties)

Here, the relationship between the thickness of the active layer semiconductor
film which forms the channel in a TFT thin film semiconductor device (this is abbreviated
as "channel laye;'- thickness” in this application) and the transistor properties will be
discussed. Generally, the optimum film thickness for the semiconductor film to be used
as the channel in a thin film semiconductor device depends strongly on the fabrication
method. Thisis because the film quality of the semiconductor film varies widely with
the film thickness. For example, in systems such as SOS (silicon on sapphire) and SOI |
(silicon on insulator) in which the film quality does not, as a rule, depend on the film
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frequency is increased, the electron tenperature within the plasma wll

I ncrease and radicals can be easily created. For this reason, as wll be
explained later, this is particularly effective for the thin filmformation
met hod of the present invention. (2-4, Sem conductor Films in the Present
I nvention and their Deposition using PECVD) The sem conductor film -
of the thin film sem conductor devi ce of the present invention and the

met hod of fifidkifessPtheneankistof prispe o?EféY'ﬂnﬁﬁ&%@ﬁﬁ:ondtortmrnﬁlesﬂidr@QHis After
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film a sespremisdhrotghiot ithenentise filar thitliness andthe Givetsiorslayusn aeadily i thet | on
I ul
I T R e A S
| ayer wi | | hind, incthini floacsenticonductor devides usingsan-single ceystalline filmssuchas gE_CVD

t S '
:rgfi(r:]t glr nedp&?é@% er iﬂ cepttﬁ? gl];mggg? eP"iFfs ?oﬁh@ﬁﬁ{lﬁggfzé D react or
condi t i onsseapieonsiuetor fbmto %VWYMdW@@S oaulm glgx thigkness; andgascawesult,

process. Fﬁiérﬁ‘ééﬁﬂﬁérﬁmehﬁ&mé&ﬂ%@%ismhfxﬁd}@’cé @pficated. S Hsudlly ﬁ{lmﬁhkbﬁ argon
flowrate i s set SCCM and t ressure inside the reacti oh chanber
is held at P‘iY‘B'YSF?ﬁPe g‘ﬂfé” asng(as the fim decrenaes. s Spseibieallyin gpmparisoa | s

24.4 mm Thﬂhidttﬂfhs,&hegﬁﬂf dicifl thig matsmmerw tRé BfbérloEimérngal grhife
ot oL o< ol ARGtk bk Nt e i bR i N
reached i smhhﬂlt/yofahmtﬂim semicohdistart degices using sueb flms Noilltbeddws Mﬂnho_aal;yt; ifom
e o g T Pl e Dol A Ry
substrate qﬂlq;pnéggr slawsand the threshold voltage Vth increases substantlally (Here, this
principle is called “thin film degradation.”) Ultimately, the thin film effect mentioned
earlier and thin film degradation are competing processes. If the films are made thin but
there is little change in film quality (thin film degradation is small), the thin film effect is
. applicable; and the transistor properties improve with thinner films. Conversely, if the
films are made thin and there is a remarkable degradation of the film quality (thin film
degradatlon is large), the thin film effect is canceled; and transistor properties worsen for
thinner films. In other words, depending on the magnitude of the film quality
dependence on the film thickness, the transistor properties may improve or may worsen
with the use of thinner films.  This depeﬁdence of film quality on film thickness differs
depending on fabrication technique; and also' differs depending on film thickness.
- Consequently, the optimum semiconductor film thickness is completely different
depending on the fabrication process of the thin film semiconductor device; and the
optimum thickness value must be determined for each fabrication process.

: (2-6, Optimum Film Thickness of As-deposited Mixed-crystallinity Semiconductor Films)
Here, the optimum film thickness of (Ar)--mixed-crystallinity semiconductor films

described in section (2-4) when used in the as-deposited condition as the active layer
semiconductor film of a thin film semiconductor device is discussed. For a film
thickness from zero to 40 nm, the film quality is extremely poor in comparison to a
normal crystallized film. The film, similar to small crystal grains existing as islands in an
amorphous sea, has extremely low crystallinity and an extremely large number of defects.
Consequently, the minimum film thickness is around 40 nm.  As the film thickness
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capacity, thermal conductivity, the substrate tenperature prior to setting
in the reactor, as well as the type of gases introduced into the reaction
chamber, their flow rates, pressures, etc. |If the substrate thickness is
reduced fromthe 1.1 mmused in the present invention to 0.7 mm for
exanple, the equilibration time can be decreased nearly proportionally to
three to four mnutes. If the substrates are preheated prior to being set
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i ntr odycecpredunmnamlg and srahsistor plopedties improve for whinmen filrhe rRmﬂmdnclnfcsscbe\rml Sh
h .

e 21 e B0 o R0 Y e gl B o B v

conduct i V|ble§0rﬁ,ﬁh¢lﬁum§1n‘geﬁect mmmmmrﬂtbomghdoma ander bicknesses greatemg film

growt h i's ¢ S0k, Wn‘ie“s% kn\é!k'd%@rehs%shet?&ﬂﬁx a pressure
hi gher than that used mgro h an a second preheat| n %ﬁ’hl ng for
an add.t.dhlakneéwéﬁwevémmc?ﬁ SR L0 egradationand Fﬁﬁ@ i ch the

}/fir i ous preﬁea%nf;ﬁtbgi hdd Qﬁsnmﬂﬁmmaﬁdstabmalsllétb}v Ipafnegaﬁ: dbt&nlidaldU(FBﬂ gas
(i St ance, TBRER SRAPEoE PO e TR eer B g imelef i B A BEC Do
during fi Itrmgstowpfopmieh wonseneis cﬁkplthldmesd devreasesa  dx othenwords, for ithencage oft h may
be atte rr‘:’ttf?éjprcaként iirﬁlention, transistor properties are best for semiconductor film thicknestds
between about 60 nm and 200 nm; and ideally between about 80 nm and 150 nm. Upto
this point, transistor properties based on the "on" state have been discussed; but leakage
currents in the "off" state also differ depending on film thickness. The theory of off -
leakage in thin film semiconductor devices is not well understood. In the present
invention, the theory is unclear; but there is a strong positive correlation between film
thickness and off leakage for films around 130 nm or thicker. As the films become
thicker, the off leakage becomes larger. For films less than about 130 nm, the
correlation weakens; and the off leakage becomes independent of the film thickness.
That is, the minimum value in the off leakage current is essentially invariant for film
thicknesses between zero and about 130 nm. | Consequently, the film thickness yielding
the best "on" state transistor properties and a minimum off leakage is between about 50
nm and 130 nm with an ideal thickness between about 80 nm and 130 nm. 'When the
thin film semiconductor device of the present invention is used in an LCD, it is recognized -
that the effects of optical leakage current must be considered. The off léa_kage current .
of thin film semiconductor devices usually increases as a result of light fllumination.
This is called optical leakage current, and a sufficiently small optical leakage current is a
condition for a good quality thin film semiconductor device. The optical leakage current
is roughly proportional to film thickness for the thin film semiconductor devices of the
present invention. To be compatible with both reliable fabrication and optical leakage
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desirable for the second preheating to spend enough tine to conpletely
repl ace the atnosphere in the reaction chanber of the first. preheating with
t he at nosphere of the second preheating. Even considering a perfect m xture
with the sl owest ‘exhaust rate in tinet (mn) during the second preheating
period, expressing the ratio of residual gas conponents fromthe first
preheating as x, the reaction chanber volune as V (cc), the pressure during

deposi tion n as Q
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uniformfilmin terns of filmthickness. Additionally, it is possible to
decrease the equilibration tine all the nore. After equilibration
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t enper at ur

terrperaturghangemcrysmnmwasaq;ﬁé%nog%gferrdjagoq‘ﬁortg al|E“E)n rate u%er t he
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atomc % nsm ss tran Cr os.Ggo observtlon re ealedthat t he
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anor phous depqsmcﬂaﬁlng and the changes in crystallinity examined:

Silane flow rate: SiH4 = 50 SCCM

Argon flow rate: Ar = 3000 SCCM (source concentration 1.34%)
High frequency power: RF = 600 W (0.228 W/cm?)

Pressure: P=1.5 Torr
- Electrode separation: S=24.4mm

Lower plate electrode

* temperature: | Tsus = 380°C
‘Substrate surface _

temperature: . ~ Tsub=349°C.

The excimer laser light source had a full-width at half-maximum of approximately 45 nsec,
and a single irradiation was carried out at each energy using a square beam cross-section
of approximately 1 cm x1 cm. The horizontal axis of Figure 8 shows the energy density
at the substrate surface for each irradiation, and the vertical axis shows the semiconductor
film degree of crystallinity after each irradiation. The degree of crystallinity was
measured by multiple wavelength spectroscopic ellipsometry. The black data points
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31 ~ having mainly a columar structure. The crystalline
conponents are islands interspersed anong the col umar anor phous
conponents. Figure 7 shows the results of Raman spectroscopy on these
silicon films. A peak which is not seen for silicon filns of the prior art
as shown in Figure 6 can be seen in the neighborhood of 520 cnferr]. This
I's the Raman shift fromthe crystalline conponent contained within the
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of | i ber at dhinijmsergicandustargevices reflecting the high cryst ity of melt-crystallized films

and having mobilities around 100 cm?-V-1-sec1.

Although methods such as Raman spectroscopy revealed the shght presence of

crystal structure in the semiconductor films of the present invention described in Section

(2-4), it would be difficult to call the films polycrystalline. Also, the density is as Jow as

the ambrphous silicon films deposited by PECVD of the prior art; and when there is a

large amount of hydrogen, the films contain slightly less than 20% of silicon atoms. The

details of why such filins are able to thoroughly melt crystallize are not known. It may

be that the amorphous region is more easily melted than the microcrystalline region, and
that the microcrystals that float in the melted silicon liquid play a glue-like role which
restricts the evaporation and scattering of the melted silicon liquid. ~Additionally, it may
be that the microcrystals act as crystal growth nuclei during the solidification cooling step.
* As a result, the laser energy density needed to affect melt crystallization of the (Ar)--
mixed-crystallinity semiconductor films is around 50 mJ-cm2 less than before. 'This
means that when melt crystallizing semiconductor films using the same laser irradiation
~_equipment at the same laser power, a wider area can be crystallized by a single laser
irradiation in the case of the (Ar)--mixed-crystallinity films of the present invention than
in the case of amorphous films of the prior art. - In other words, the burden on the laser
irradiation equipment is hghter for (Ar)--mixed-crystallinity films; and productlvxty is
increased.
As was explained in detail in section (2-4), it is possible to obtain highly crystalline
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sem conductor sanple is heated, in contrast to sanples which show the
normal 2000 cnferr] peak and have the | argest |iberation of hydrogen for
sanpl e tenmperatures around 300[err]C, the sanples in the present system
produce | arge amounts of hydrogen around 370[err]C, the peaks which appear
at 2102 cnferr] and 2084 cnferr] are unique to this system and seemto be
a result of vibrations of hydrogen bound to the crystalline conponents in
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semlconductor dev:ces, such films are more appropriate as the initial semiconductor layer

when fabricating low temperature poly-Si TFT's using melt crystalhzatlon and keeping the
maximum processing temperature less than or equal to 350°C. In other words, a h:ghly
crystalline mixed-crystallinity semiconductor film is formed by PECVD or other method
‘on top of an insulating material. After the film is then crystallized using either solid-
phase crystallization via RTA or VST-SPC, or melt crystallization via laser irradiation or
other technique, a high performance thin film semiconductor device can be easily
fabricated while keeping subsequent processing steps at 350°C or less. _

In the present invention, (Ar)--mixed-crystallinity semiconductor films can be
obtained by PECVD if the flow rate ratio of the inert gas, such as argon, to monosilane or
other chemical Specie which contains constitutive elements of the semiconductor film is
around 15:1 or less (monosilane concentration of around 6.25% or less). In general, |
mixed-crystallinity silicon films can be deposited by PECVD if the monosilane is diluted
by about 3% with hydrogen. According to the experiments of the inventor, however,
melt crystallization of hydrogen-monosilane mixed crystallinity films without annealing is
fairly difficult. Although in some cases, crystallization is possible without annealing, in
addition to having extremely low repeatability, the range of laser energies which allow
successful melt crystallization is considerably limited, being at most 10 mJ/cm? or less.
Even with crystallization, microcrystalline silicon graihs are generated, the deviation in
transistor properties is large, and the increases in defect density make the films unsuitable
for practical use. In contrast, by controlling the semiconductor film thickness and
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I nvention as described can be used as the active |layer (nanely, source and
drain regions, channel region, or emtter and collector regions, or base
region) in thin filmsem conductor devices in the as-deposited condition

wi t hout the use of "a special crystallization step. Because the

sem conductor filns of the present invention are high- purity as nentioned
above and contain | arge anpunts of crystalline regions wi thin the anorphous
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and subseqalsmalld:mg}tmmter ature activation anneal at approximately 350[err]C
are possible an n 1. Since

t he maxi num pro@ ssing %e thﬁel{t%hg%u q@?e:}g%%%lpﬁeﬁ&c}h?s around
350[ err] Cewwlan%%@ttmgpﬁtMmebedﬁih@llductor devi ces can be forned
easily on top 0{3;8%}&%6@0%&%% &m@hw&%@&u&@g%ﬁ@ﬁﬁ&o@a@mﬁ esent
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and drain regi ofy lﬁe&ﬂﬂidgen&&ﬂeﬂ&ifﬁﬁkéd—@ryﬁamﬂﬁyﬁm%ﬂe&%&men the gate and

source and bet nd n are snal | on t he
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of the preAsatresultyvthahydrogemsin theﬁhmas%seﬂgm&duh]bloulyatqulatwely hiple th| n f| | m
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the deposi stemngpctg{l%sdg&p l&tyatpmp?rature process cryst e ﬁm semiconductor
33 ~ devices, it can be said that the (Ar)--mixed-crystallinity semiconductor films described in

detail in Section (2-4) are even more suitable.
Next, the annealing process for crystallizing the semiconductor films of the
present invention will be explained. The exceptionally useful annealing process in the
_present invention is performed by a technique such as melt crystallization or VST-SPC of
the semiconductor layer with laser or high energy optical irradiation. Here, first the
irradiation procedure will be explained using a xenon chloride (XeCl) excimer laser
(wavelength of 308 nm) as an example. - The laser pulse width at full-width, half
maximum intensity (that is, the annealing process time) is short, from approximately 10 |
nsec to 500 nsec. In this example, the laser pulse full-width at half-maximum is 45 nsec.
Because the irradiation time is so exceptionally short, the substrate does not get heated
during crystalliiation of mixed-crystallinity or other semiconductor films and the -
substrate is not distorted. Laser irradiation is performed with the substrate between
about room temperature (25°C) and about 400°C in air, in vacuum with a background
ptessure of from approximately 10”* Torr to approximately 10° Torr, in a reducing
enviromnent'containing hydrogen or minute amounts of monosilane, or in an inert
environment such as helium or argon. A square area of between S mm square and 20
mm square (8 mm square, for example) is irradiated during each laser irradiation, and the
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sem conductor films by PECVD. These-are the type of additional gas, the
flowrate ratio of these gases [the concentration with respect to the
source gas (such as nonosilane) to the total (the sum of the additional gas
(such as argon) and the source gas)], pressure, electrode separation

di stance, and substrate surface tenperature. These factors wll next be
expl ai ned bel ow. " One of the characteristics of this invention is
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a smal | anﬂhﬁh dg mot daypage the semiconductor film. In addition to the method described

above, effecting crysta]hzanon by scanning line-shaped laser light having a width of

approximately 100 um or more and a lengih of several tens of centimeters is also
permissible. In this case, the overlap in the direction of the width of the beam for each
irradiation is set to be from about 5% to about 95% of the beam width. If the beam
width is 100 um and the amount of overlap for each beam is 90%, because the beam

. advances 10 pm for every individual irradiation, the same spot receives 10 laser
irradiations. Since at least five or more laser irradiations are usually desirable in order to
uniformly crystallize a semiconductor film over the entire -substratc, a beam overl:ip for
each irradiation of around 80% or higher is requifed. In order to definitely produce
highly crystalline polycrystalline films, it is desirable to control the amount of overlap to
be from around 90% to 97% so that the same spot is irradiated from around 10 to 30
times. Although up to this point an XeCl excimer laser has been described as an
example of a laser light source, other lasers, including continuous oscillation lasers, may
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material is diluted in argon and a plasma is generated, both the nonoval ent
lons and divalent ions are domnant; and, as a result of the relatively | ow
i oni zation energy, argon radicals and ions are generated. In contrast to
this, there is hydrogen, widely used as a :

34 dilution gas in the prior art, in which nore than ten
different ionization potentials exist between 15 eV and 18 eV for the
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of the crystal Li nlem)cgg?orﬂentt 1'58 t Giht ot aI}(.1 yrt heré asg, & r%sul t. of the
same pri nc?'b’f‘%r,ﬂyf €d by reflector 52, and the energy density is mcreased to produce singly

focused light 55. This singly focused light is further modified to increased energy

density by means of optical system 53, and simultaneously becomes scanning focused

light 56 by means of the scanning function. The light irradiates semiconductor layer 61

which has been formed on top of substrate 60. The processing time for a single point on

the semiconductor layer is determined by the léngth of the irradiation region in the

-~

scanning direction and the scanning speed. For example, suppose the irradiation region
is rectangular with a length (length in the Y direction) of S50 mm and a width (length in the
X direction) of 5 mm, and the scanning speed in the X direction is 500 mm/sec, the

. processing time is 10 msec. The temperziture of the irradiation region is determined by
the power input to the light source, the condition of the shaped light, and the processing
time. Depending on the semiconductor layer material and the film thickness, these
values are suitably controlled and high energy optical irradiation is performed. Although
it is desirable to have the processing area be approximately 100 mm” or higher in order to
increase the throughput, in order to keep the thermal effects to the substrate to a
minimum, an area of approximately 500 mm? or less is required. Further, a processing
time of less than approximately 10 msec is desirable principally from the point of thermal
effects. The results are that only the region on semiconductor layer 61 irradiated by
scanned, focus light 56 is locally crystallized. The first annealing step is completed if
this process is repeated, and the desired region of the semiconductor layer is scanned.

Next, the crystallization method using the rapid thermal annealing (RTA) unit will

be described.  Figure 14 (a) is a schematic cross-sectional diagram of the RTA unit used
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deposited filmis conposed of relatively stable groups. of atons because the
unstabl e atons are selectively renoved by argon during filmgrowh. This
nmeans that even if the argon-based seni conductor layers in this innovation
are subjected to large energy inputs during a short tine, effects such as
atom scattering fromthe sem conductor |ayer do not occur easily. In other
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10¢ m n). h&% ((reneggétxc hgﬂt) is irradiating the substrate. The RTA annealing temperature is
determined by the set point temperatures of the first to third preheat zones, the output of
arc lamps 5A and 5B, and the substrate transport Speed (that is, the RTA processing time).
In this invention disclosure, “RTA processing temperature” and “crystallization annealing
step temperature” are used to mean the temperature along edge SF in energetic light
irradiation region 5E. In the RTA unit used in the present invention, this temperature is
measured by an infrared pyrometer; and the annealing step is controlled. This
temperature also corresponds to the highest temperature during the RTA process. The
temperature profile of a given point on an actual substrate 11 shows the changes as seen
in Figure 14 (c). * After the substrate being processed passes through first through third
preheat zones 2 to 4, when it enters annealing zone 5 the substrate _température rises
rapidly, and the peak temperature P is attained near the exit of annealing zone 5.  This
maximum temperature is the RTA processing temperature in this invention disclosure.
Following this, the substrate enters cleaning zone 6; and the substrate temperature
gradually decreases.

Now, using such an RTA unit, the processing area of the crystallization annealmg

step is sufficiently small compared to the substrate area. For example, assuming a 300
mm x 300 mm square substrate, because the energetic light irradiation region is 10 mm x
300 mm (=3000 mm®), the ratio of the anneaiing area to the substrate area is 3.3%. For
a 550 mm x 650 mm substrate, the annealing region is 10 mm x 550 mm (=5500 mm®);
and the annealing area to substrate area ratio is 1.5%. In crystallization by RTA,
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del am nation or danmage to the filmw | inpede crystaliization. The
conclusion is that argon is the nost suitable dilution gas for the present
i nvention followed by inert gases such as helium A gas flow rate
ratio with a source gas concentration-(source gas/(source gas + additiona
gas)) of approximately 6.25%or |less is a necessary condition. Except for
the substrate surface tenperature, there are also necessary conditions for
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and processing time) is relatively. small, distortion, warpage, and cracking of the substrate

-

can be avoided.

In a-Si films of the prior art prepared by PECVD, even for furnace-SPC, in order
to avoid rapid evolution of hydrogen, it was necessary to anneal at 450°C prior to
crystallization after increasing the temperature at a rate of 10°C/min or less. For the
semiconductor films of the present invention, however, not only for melt crystallization,

" but for all types of crystallization including furnace-SPC, RTA, and VST-SPC, annealing
prior to crystallization is not necessary. - :

(2-8, Optimum Film Thickness of (Ar)--Mixed-crystallinity--Crystallized Films)

Here, the optimum poly-Si TFT semiconductor film thickness for a semiconductor
film deposited as an (Ar)--mixed-crystallinity film and then crystallized for use in a low
temperature process thin film semiconductor device of the present invention as described
above is explained. During fabrication of a mixed-crystallitﬁty film by PECVD or other
methods, the deposited film coalesces to form a continuous film when the film thickness
reaches approximately 10 nm or more. = However, the density of the semiconductor
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generated in the present invention when the electrode separation distance -
is less than or equal to approximately 45.7 mm Al though there is no
necessary condition for the substrate surface tenperature,

m xed-crystallinity filns can .be relatively easily obtained at tenperatures
of 200[err]C or higher. Fromthe standpoint of being able to use

|l ow-priced, large glass substrates wi thout problems, a tenperature of
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can proceed smoothly during mclt crystallization using a laser or other means. If the

semiconductor film immediately after deposition is 200 nm or thicker, only the upper

- portion of the layer is melted during laser irradiation from above and the bottom portion
of the layer retains amorphous regions. This adds to the thin film effect and the
transistor properties severely deteriorate. ' Therefore, the maximum film thickness for
melt crystallized films is on the order of 180 nm. When the thin film semiconductor
device of this invention is used in an LCD, it is desirable to consider the effects of off
state leékage current and optical leakage current.  If the film thickness after
crystallization is around 150 nm or less, the leakage current when the transistor is in the
off state is sufficiently small. In the case of the thin film semiconductor device of this
invention as well, the optical leakage current is proportional to the film thickness. From
the perspective of the coexistence of reliable production and optical leakage current, it is
desirable to have a film thickness from about 10 nm to 100 nm. When the film becomes
100 nm or thicker, it is no longer possible to ignore the optical leakage current; and the
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an argon flow rate of 7000 sccm rf power of 600 W and a | ower plate

el ectrode tenperature. of 380[err]C, d[err], [err], and [err] take the
fol | owi ng val ues. dlerr]= 8.70 (nm sec) . [err] = 0.0522
(m*r[err]) 37

[err] 0.9258 (Torr[err]) The (Ar)--mxed crystallinity films of the
present I nvention are fabricated while the deposition rate by PECVD
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rate: thicknessrof-approaimately 60 navereeredvdesirableat i on 0. 36% Pressure:
P =27 Torr El ect rode separati on: S =457 mm Hi gh
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Substrat e effisctsmey be obtained.

Effect 1-1). Because the processing temperature is a low 350°C, it is possible to.
use low-priced glass and advances can be made in decreasing product prices. Further, it
is possible to easily increase the size of high performance active matrix substrates and
easily increase the size of high quality liquid crystal displays (LCDs).

Effect 1-2). It is possible to use conventional PECVD reactors and easily move
from the current 360 mm x 460 mm glass substrates to larger 550 mm x 650 mm
substrates. :

Effect 1-3). The annealing step pﬁor to crystallization of semiconductor films
has become unnecessary, and it is possible to obtain high quality, crystalline
semiconductor films by a simple process. It is possible to produce high performance
thin film semiconductor devices using only presently available equipment.

Effect 1-4). The range of appropriate irradiation conditions which will allow
uniform laser irradiation over the entire substrate is wide. Consequently, it is possible to
reliably crystallize over the entire substrate surface even if there are slight variations in the
laser irradiation energy. | | '

Effect 1-5). - In the melt crystallization process, because the crystalhzauon
process controls the crystalline component in the mixed-crystallinity semiconductor films,
the variation in crystallinity from substrate to substrate and lot to lot is remarkably small.
As a result, it is possible to both easily and reliably produce high performance thin film |
semiconductor devices.

Problems associated with the third type of prior art.

Effect 1-6). It is possible to crystallize as—déposited semiconductor fiims by a
single laser irradiation.  As a result, productivity improves dramatically. Additionally,
when irradiating the same spot several times or less, it is not particularly necessary to
control the atmosphere around the periphery of the substrate. It is also possible to carry
out laser irradiation in an air atmosphere. This means that productivity is further
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t enper at ur e: Tsub = 349[err] C. Because, as will be
expl ained | ater, the sem conductor filmin thin film sem conductor devices
are usually on the order of several tens of nmto several hundred nm such
a deposition rate is too slow and can be said to be inpractical froma
production point of view Al so, as described in section (2-2), a deposition
-rate of 0.15 nnisec or higher is desirable for a systemin which the ratio

of the depggiréie@n pressure to the background pressure or the ratio of
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t he rest rilatgeglass sbstrates.var i ous conditi ons described earlier as well as the
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general , thefolovvlng relationship ween gas flowrate Q the
reacti on cHsaerhed bglogcanbe obtaingdy t he

Effect 2-1). It is possible to easily fabricate good thin film semiconductor
devices having mobilities of 1 cm2-V-1-sec-1 or higher using a fabrication process
identical to that of a-Si TFT's of the prior art without a special crystallization process.

In addition, in accordance with the present invention, the further additional effect
described below can be obtained. _

Effect 3-1). Inthe deposition of thin films by a smgle substrate PECVD reactor,
thin films can be deposited with high productivity without the preparation of a special
preheating chamber.  Therefore, it is possible to suppress the enlargement of PECVD
reactors and the associated steep increase in price. Further, when there is a preheating
chamber, it is possible to minimize the preheating time after the substrates have been set
in the reaction chamber even when the temperature of the robot in the transfer chamber is
room temperature. This allows further increases in productivity. Thus, even in the
deposition of thin films by a single substrate PECVD reactor, convenient and high
productivity thin film deposition has become possible.

ic ation of the Figures _
Figure 1 shows the laser crystallizatiori characteristics of a PECVD a-Si film of
the prior art.  Figure 2 shows the PECVD reactor used for the present invention.
Figures 3 (a) - (d) show cross-sectional views of an element in each of the thin film
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reaction chanber punping speed Sp i s known: P=Q@Sp...(1). In the
exanpl e gi ven above, since the total gas flowrate Q = 7025 SCCM the

pressure P = 2.7 Torr, the reaction chanber punping speed is Sp = QP =

2.60 SCCM nfforr (1 SCCM mTerr = 12.67 1/sec). By increasing this punping
speed and keeping the pressure fixed, it is possible to increase the gas
flowrate @ Since the deposition rate has a strong positive correlation
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whi ch forns the channel in a TFT thin film sem conductor device (this is

abbrevi ated_as channel Iayer thlckness in this application) and the

transi st or JAeSHsk yStams o] guting this doventign e 5| | y, the optimumfilm

t hi ckness mﬁsm{?&tiﬁﬁﬁﬁ&@lﬂl&tﬂmrﬁk}ﬂéthﬂ)mﬁrbﬁﬁﬁcé‘&ﬁhb@c&iiiﬁﬁﬂﬁhg!ﬁ sthin

filmsem conductor device depends strongly on the fabrication nmethod. This
is because the filmquality of the sem conductor filmvaries widely with

the filmt r(Emhnpiei) For exanple, in systems such as SOS (silicon on

Sapphi 1 e) - and Sy (ke 8 Qdolihlha B acoBrathl ' ink Breski ieiist kddiesoes

not, as a rule,
39 fabncatlon means of PECVD will be explained. - After forming an underlevel

protection layer, consisting of an insulating material such as a silicon oxide film, on at
least part of the surface of a substrate, a semiconductor film is formed on top of this
underlevel protection layer using the PECVD reactor described in detail in section (2-3).

A 360 mm x 475 mm x 1.1 mm glass substrate (OA-2) which is at room '
temperature is set in the PECVD reactor, the lower plate electrode 203 of which is
maintained at a temperature of 380°C. The recipe followed once the substrate is in
place in the PECVD reaction furnace is as follows.

- (Preheat 1) _ :
Time: t=90s
Hydrogen flow rate: - Hp =100 SCCM
Helium flow rate: He = 3000 SCCM
High frequency power: RF = 0 W (no plasma)
Pressure: _ P =3.0 Torr
Electrode separation: S=37.1mm
Lower plate electrode
temperature: | Tsus = 380°C
(Preheat 2)
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t hi ckness, the transistor properties inprove for thinner sem conductor
films. (Here, this principle is called the "thin filmeffect.") This is
because the inversion |ayer quickly spreads throughout the entire film

t hi ckness and the inversion |layer can formreadily in the case of thin

sem conductor filnms (the threshold voltage Vth decreases). On the other
hand, in thin film sem conductor devices using non-single crystalline filns
such as pol ychmheaI line silicon filns for the=6bannel |ayer, it is nornal
for the qualitgpnk doifrafi@nm conduct or f| m%_old;p; ﬁ af!y different depending
on the fil mth| ness; and, as a result, ani sm nenti oned above is
much nore corrpArgmlﬂmVI‘c’lBual ly, the fi mqmmlss:@a pol ycrystalline films
wor sens as t hegtdyl e @lﬁ, . decr easesg cl?ggn% in conparison to
thick filnmns, ﬁeghgra i'ze T thin fllrrggiogw;ra er )and t he nunber of
internal grai nP’c‘fé#‘Jé%ts and grain bounda?ﬁ‘l? P is simultaneously large. If

the grain si ZeEleétréd@é mﬁ@@ mobi lity of thigf37 Muyem conductor devices:

usi ng such fil 0 Additionally, if the nunber of internal grain
def ects and grggweﬂcﬂﬂﬁ&ijﬁ‘ é\‘l?aps is large, the spread of the depletion

| ayer slows; and téfiperbtafe@shol d vol t age ‘Fsds < 380°€ases substantially. (Here,
this princi &:Je i§. ﬁgl led "thin-filmdegradation.”) Utimtely, the thin
filmeffect d earlier and thin filmdegradation are conpeting
processes. |f Time:fitl=n¥64y e made thin but there is little change in film
quality (thin &dpmdeaadation is small g thepdsceMil meffect is

applicabl e; and the transistor properties | rove wth thinner filns.
Conversel y, ifArgea 80w raeiare made thin Ang 355@5@@“@ (spureerponRenbration
degradati on of the filmquality (thin filmdegradation is |angg), the.thin
filmeffect is cel ed; and transistor_properti eg, for thinner '
filnms. In othel "dlé‘en"d 9%t ng on t heR Eﬁgﬁﬁﬁd@w&@%ilmquality
dependence on Pfessuké:l m t hi ckness, the tPangissSTar properties may inprove or
may worsen Wt e, us thlnner filns ndence of filmaquality :
on filmthi cknge (adeﬁeﬁ?rg %I'épendl ng on fabrl‘Eat fﬁgﬁchni que; and al so :
di f fers dependlomenplateielestrodé ckness. Consequently, the optimm '
sem conductor fi Iépnlt,g} ﬁ%ess i s conpl et gl diddoer ent depending on the
fabrication process o e thin fil msem conductor device; and the optinum
t hi ckness val ulub#trate syefagfet er ni ned for each fabrication process. (2-6,
Opti mum Fi |l m Thltsﬂﬁ @ﬁﬁ_“-@f As- deposi ted M xedT&iby:s849°0 nity Sem conduct or
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sem cond
pressure is set somewhat high at 3.0 Torr, the total heating time can be shortened to 2

minutes and 30 seconds even if room-temperature glass substrates are loaded directly into
the reaction chamber. Using the electrode separation distance of 3.71 cm, the reaction
chamber volume V of 9765 cm’, a gas flow rate  Q = 3100 sccm, pressure P = 1.5 Torr,
calculation of the time to completely replace the atmosphere during the second preheating-
. gives
t = (P/760) - (V/Q) x 13.82 = 0.086 minutes = 5.2 seconds.
Because the time of the second preheating is made sufficiently long at 60 seconds, the
atmosphere during the second preheating is completely replaced, and there is no
.possibility for the first preheatixig to influence the film growth. The deposition rate of
the semiconductor film under such conditions was 0.365 nm/sec, and the thickness of the
semiconductor film was 60 nm. The hydrogen concentration in the silicon film
measured by thermal desorption spectroscopy (TDS) was 10.39 atomic %. According
to transmission electron microscopy observation, the amorphous component of this
silicon film has a chiefly columnar structure. Figure 9 shows the spectrum of this silicon
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described in section (2-4) when used in the as-deposited condition as the
active layer sem conductor filmof a thin film sem conductor device is

di scussed.” For a filmthickness fromzero to 40 nm the filmaquality is
extrenely poor. in conmparison to a normal crystallized film The film
simlar to small crystal grains existing as isl.ands in an anorphous sea,
has extrenely low crystallinity and an extrenely |arge nunber of defects.
Consequent film medsared byi infraned iabsurptlidmdpaelmcb;sy arlocanbessgemthat the absveptiod m

t hi ckness 1
becomes  ar BEaK C?trgﬁgt%sm argtrm% %]é02tcm and20 ! are stronger th the%gsorgtn%n opeappear -

A ConBonent
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t hi ckness eTBRANERtsissean arswnd 530 g7y indi qamgtlg& thy silicon, filra o s examplediase

crystalli nﬁn{éﬂ'&ﬁ}sﬁdﬂﬁﬁt The fi I m thi ckness dependence of the. transistor
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filmthickfpsmed aeévlzsag@swlrlmmqw af PECY%es'B@s, withoyt breaking de vasgumnthind 60
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proper t i esdesoritsed in Exaplerd. t [Thekhiekiresslef the andglevelprotettion layer ds300f mm ahdhe case
of the thickness of the semiconductor film is 90 nm.  Accordingly, the semiconductor film
deposition time is 247 seconds. Semiconductor films obtained in this way can be used in
the as-deposited state as the active layer which serves, for example, as the channel region
of the TFT. Afier the substrate is removed from the PECVD reactor, the semiconductor
film is patterned and thin film layer 103, which later becomes the active layer of the
transistor, is formed. [Figure 3 (a)] '

Gate insulator layer 104 is then formed by means of PECVD. [ Figure 3 (b)]
The gate insulator layer, which is comprised of a silicon oxide film, is deposited to a
thickness of 100 nm at a substrate surface temperature of 350°C using TEOS (Si-(O-
CHaz-CH3) 4), oxygen (O2) and water (H20) as source gases and argon as a dilution gas.
Following gate insulator layer deposition, the insulator film quaﬁty was improved through
an approximately three hour anneal at about 350°C under an atmosphere having an
oxygen partial pressure of approximately 0.2 atmospheres and water vapor with a dew
point of approximately 80°C.

Then a tantalum (Ta) thin film, which becomes gaté electrode 105, is deposited by
means of sputtering. The substrate temperature at the time of sputtering is 150°C, and
the film thickness is 500 nm. Patterning is carried out after the tantalum thin film which
is to become the gate electrode is deposited. This is followed by implantation of
impurity ions 106 in the semiconductor layer and formation of source and drain regions
107 and channel region 108. [Figure 3 (c)] At this time, the gate electrode serves as a
mask for ion implantation, and the channel becomes a self-aligned structure which is
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the present invention, transistor properties are best for sem conductor
filmthicknesses betmeen about 60 nm and 200 nm and ideally between about
80 nmand 150 nm Up to thi's point, transistor properties based on the "on"
state have been di scussed; but | eakage currents in the "off" state al so

di ffer depending on filn1thickness. The t-heory of off |eakage in thin film
sem conduct or devices is not well understood. In the present invention, the
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and on cur fl@iinunAthffinSSuideiagl drain electrodes 110 and interconnects to complete the
thin film semiconductor device. [Figure 3 (d)]
The transistor characteristics of the thin film semiconductor devices that were
experimentally fabricated in this way were measured. It was found that Ion = (9.10 +
0.87, -0.80) x 10-7 A at a 95% confidence level. Here, the on current, IoN, is defined as

the source-drain current Ids when transistors are turned on at source-drain voltage of Vds

=4 V and gate voltage of Vgs =10 V. The off current when the transistor was turned
off at Vds =4 V and Vgs = 0 V was IopF = (6.50 + 3.28, -2.19) x 10-13 A, These
measurements were taken at a temperature of 25°C for transistors having channel length
L =5 pm and width W =20 um. The electron mobility found from the saturation
current region was p = 3.53 % 0.17 cm?-V-1-S-1, and the threshold voltage was Vth =
9.10 £0.11 V. As described, this invention achieves the fabrication of extremely good
thin film semiconductor devices having high mobilities that are three or more times higher
-than that of a-Si TFTs of the prior art by means of a process in which the maximum
processing temperature (350°C) is the same as that for a-Si TFT's of the prior art and,
moreover, using an equivalent fabrication process (crystalhzatlon step unnecessary).

(Example 3)

. An active matrix substrate was fabricated using the thin film semiconductor
devices obtained in Example 2 as the pixel switching elements for a high-definition color
LCD which was comprised of 768 (rows) x 1024 (columns) x 3 (colors) = 2359296 pixels.
As in Example 2, the source electrode and source interconnects in Example 3 are
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satisfies all three would have a filmthickness from approximtely 60 nmto
130 nmand ideally from approximately 80 nmto 100 nm Further, the | ow
tenperature activation at 350[err]C or |less of inplanted ions in the source
and drain regions as in the present invention is fairly difficult.
Therefore, in order to reliably perform activation, the sem conductor film
t hi ckness nust be set to a minimum In the present invention, that value is
around 70 Almioigigithé dnainl dlsctrodis; howsvengare indibbtipoxidet(IFQ@). FVliquid orystahi cker

is desirab 2-7,
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h th tall t f t f
the (Ar) - - Fridiighsiugtsy Badi ot Yisdiy Brvisiives et s dRapdtion peadsa e | o
Sect i on (Zfab_)'xcat‘lﬂnqirod:esS for tﬁ@adnima foAtrix subbtxatel is xe]iam, dijhidrerysyal tisplay devﬁces
deposi ted gééelg)prwuced%ﬁq% | &3¢ W“P“ﬂ&if ons, directly irradiated with a 308 nm

wavel engt h eXCI mer any type of prior annealing (an as-

deposi ted fi | m) Thisdiquidosystdl slisplay dcvncewysmaﬂallq:dwmttbe Miacfdll-color portatd | ane
flow rate: ersonal coméhu[ btebodk P S use the thﬁﬁﬂﬁ’ﬁw@x&:&w&u&%} evices are Ar =

3000 SCCM {source conce tratlon requency, power: RF
= 600 W (O] Q@e@g%?,rqn; notebook Pﬁ,pé@\@grtgbe a good electromc devicé having-an] 5 Torr

El ectrode gpahdy baiiful disply scrééh. 4 IHHHdmon, the f)erﬁ.{ré-hﬁlo%fftﬁé ki
t enper at ur e: 80[ err

surf ace crystal mspleyé%eéﬁﬂeét possible to reduce the power conspg?g by tgglugﬁc t'C The
exci mer | aThis initodnt mduh@esditﬂdtaaddcwabe thiedize and wieight ofitheibauseriesfand allow

appr oxi mat gy, 2. 18°C 1y A, chbEet FATLEH BRR GOLE VR it BhaR°"

ener gy using=a squar e beam Cross- appr oxl mat cm X cm The
hori zont al exigadedgrerisdsywhile MMgmmadﬁu}@wde&mmwaﬂac igeeds ubst r at e
surface for each irradiation, and the vertical axis shows the sem conductor
film degree of cralstal linity after each irradiation. The degree of
crystallin E dreasur ed by nmultipl e wavel engt h spectroscopic

el lipsonetry. Thﬂ ablepkwiindd®Rl dystallize the semiconductor film obtained in Example 1

by irradiating it with a laser in the as-deposited state without first subjecting it to any form
of thermal annealing. The results of this are shown in Figure 11. Figure 11 is read in
the same way as Figure 8. Irradiation was performed with an XeCl excimer laser having
a wavelength of 308 nm and a full width at half maximum of approximately 45 nsec.

The beam was square and measured about 1 cm x 1 cm, and laser irradiation was
performed only once at each energy. Figure 11 shows that crystallization of the
semiconductor film obtained in Example 1 proceeds thoroughly between a laser energy
density of about 110 mJ-cm2 and a density of about 160 mJ-cm2. A maximum degree
of crystallinity of 88% was achieved for this semiconductor film for a single-stage laser
irradiation at an energy density of 125 mJ-cm2, thus producing a high quality crystalline
semiconductor film. As shown in Example 4, using the semiconductor film of the
present invention, high-quality polycrystalline semiconductor films having a high degree
of crystallinity can be fabricated at comparatively low laser energy densities by a simple
laser irradiation even without first perfdrming dehydrogenation annealing or any other
manner of thermal annealing used in the prior art.
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42 I ndi cate conditions in which danage was done to the

sem conductor filmand correspond to the D condition in Figure 1. Since a
degree of crystallinity of about 70% or hi gher determ ned by spectroscopic
el li psonetry. can be called a polycrystalline condition, it can be seen that
crystallization proceeds thoroughly for |aser energy densities between
approximately 100 nferr]jcnferr] and 150 mJ[err]cnferr]. In Figure 8, the
degree of c¥ﬁﬁmgﬂé5pity attains a nmaxi num val ue of 92% when the energy -

density is 145 trlemerr]:. and it i.s possible..to, obtain a.high quality.
Crystalline sor eHARARGIET AL aesios e 55 HRS e eeliee posabi e 1o
easi | y prodsemicanductyr fimdbinied hydirgdiatig the kemicomdwior dihm wbtaiedfim Exathpleilng a

hi gh degree cal L i i ' t = = = G [ N

e conduot S ifihe i dbbosied e i st sl ol g Kl eermal o,

Wi t hout anyaprealingwes fabdeatédbyed dehydrogenation anneal i ng. Af ter _
producing a pol ygk Lﬁ@&&gﬁ&t&tmaﬁ Qéﬁ%hgm's'éé of Dsiltdnt %ﬂeﬁﬁé‘h?d‘éﬁfb” cate
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nmobi | i ties diickness dfQhe mlideelbvdlg['aéaioadg{eﬁtsrﬂOO-nm, and the thickhess ghtheet hods such

Raman spect.r v ed t .S . ucture in
The sent conGTRPOTRERI MY PR Bt e Or ol ERBfifation SR Anicidutfar,
(2-4), it wolms]whichdiré in the hs-deposited statelapd havemot beén/subjested|to aneformiafo, t he
density i gﬁg;,glvgnﬁgaﬁﬁ Ure Loy Il i of the
pri zlr )altrlt;s and when g’?g_ I S ggﬁg‘?y%&%nmo%ﬁdgf nﬁn%@gﬂéh%ﬁgﬁ%elﬁﬁ%ggont ain
slightly | e¥sF excimenlaser yrithsy wavelen @t}%smmn%&ﬁlw@ﬂwh@mm&wpf Inms are
abl e to t hoagpteRimatdlpB3 nsacy S Tht lasértheamehab @ link SlipS meaduriiig)1 20 unt okidihand

anor phous reggion Ls re,easil | t.ed than the nmjcrocrystalline region,
and that t ndS FRcn delfSy Ste et o widfiewiss oNerRothE b Herih KRS ay a
gl ue-1ike rsq]% omhc:l_ma;mwidth;ct'ﬂ?etéfereeﬂnnnemtaﬂmcesﬂﬂ pmafieeeach grrafiationcand| t ed
silicon Ii qme%anfg‘%intl bR PR deYicdniudBY fim is exposed to laser irradiation 10 times. The

laser light energy density is 150 mJ-cm2, and laser light irradiation is performed in a

vacuum with a background pressure of about 1 x 10-6 Torr. The substrate
temperature during laser irradiation is room temperature, about 25°C. Measurement by
multiple wavelength spectroscopic ellipsometry showed the semiconductor films
crystallized in this way to have a degree of crystallinity of 95% and a thickness of 55 nm.
Results of Raman spectroscopy measurements revealed a sharp crystalline-component
Raman shift peak of about 4.5 cm-! full width at half maximum around 515.9 cml,
evidence that high-quality films having extremely high crystallinity were formed.

Further, observation by transmission electron microscopy revealed that this
semiconductor film is comprised of crystals having grain diameters ranging from about
200 nm to about 500 nm.  After completion of the crystallization process, this crystalline
semiconductor film is patterned and semiconductor film 103, which later becomes the .
active layer of the transistor, is formed. [Figure 3 (a)]

With the exception of the source and drain formation process by ion implantétion,
all subsequent processes, from gate insulator layer formation to source and drain
electrode and interconnect formation, are performed exactly as described in Example 2,
thus finishing the thin film semiconductor device. [Figure 3 (d)] In Example 5,
because CMOS TFTs are being formed, both NMOS TFTs and PMOS TFTs are formed
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be that the mcrocrystals act as crystal growth nuclei during the
solidification cooling step. As a result, the | aser energy density needed
to affect nelt crystallization of the (Ar)-- mxed-crystallinity

sem conductor films is around 50 mJ[err]cnferr] less than before. This
means that when nelt crystallizing sem conductor filns using the sane | aser
irradiati on equi prent at the sane | aser power, a w der area can be
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qual i ty, Moo @incediuidf be Abrd Rl s/l hscfas el g {0 the
ot her hand, crys I'za ToRe E?
difficult implastation é%mmmmh@s%ﬂetmﬂahmmmo 5|cm’%@ndmpst
crystal | i Zajdrgh atd¥n RESrdtion B theRb %E;Enfﬁ&m&gmﬁ?%s kifhicly$'19% by
means such as,laser I.rradi ation, ? crystal | mxe rystalllnlty

seni conductGw flmswﬁatsée@eﬁmm&ﬂwmm plamationsyapAsP C kst as inBxample be
because in 2,he as-deposited condition, since nuch of the fi I m is already -

ARSI TN R S TS i N I
supply of eexpe@ment&ﬂgefabﬁémd inehis way weréineasuadd. o m:pmaaﬁémexm cbhdmoﬁn i
D .
crystalliz a:ftkaMQS ¢ bawg the reverse polarity of NMOS TFI‘s ) In this example, the
- purpose of the investigation was to examine the performance of transistors and their
nonuniformity over the substrate and measurements were taken for 50 transistors having
channels of length L = 5 um and width W = 5 um formed regularly over the entire surface -
of a large glass substrate.” The results are as follows.
NMOS TFT
Ion= (619 +7.5,-5.7)x 106 A
IoFF = (1.66 + 0.63, -0.44) x 10-12 A
= 103.4 + 10.5 cm2-V-1.§-1
Vth=2.17+0.14V
PMOS TFT
Ion=(43 +3.9,-34)x106 A
IoFr = (4.64 +1.19, -0.96) x 10-13 A
u=57.75 + 503 cm2- V11"
Vth=-112+0.11V :
As described, this invention enabled the uniform fabrication of extremely good
CMOS thin film semiconductor devices having high mobility by a process in which the
maximum temperature (350°C) is identical to the maximum process temperature for a-81
TFTs of the prior art and, moreover, on large, conventional glass substrates. The TFTs
obtained in this Example 5 have extremely good reliability because of the good crystalline
semiconductor layer and gate insulator layer and operate stably over a long time frame.
The uniformity of laser crystallization, whether within a substrate or from lot to lot, has
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wi t hout damagi ng, roughening or vaporizing the surface of the sem conductor

film Utimately, it can probably be said that -rather than using the
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(Example 6)
An active matrix substrate for a color LCD having 200 (rows) x 320 (columns) x

3 (colors) = 192,000 pixel switching elements using NMOS thin film semiconductor
devices obtained as described in Example 5 and integrated 6-bit digital data drivers
(column drivers) and scanning drivers (row drivers) using CMOS thin film semiconductor
devices obtained as described in Example 5 was prdduced. Figure 12 is a circuit
diagram of a 6-bit digital data driver. The digital data driver of this example is
comprised of a clock signal line and clock generator circuit, shift register circuit, NOR
gates, digital video signal lines, latch circuit 1, latch pulse line, latch circuit 2, reset line 1,
AND gates, reference voltage line, reset line 2, 6-bit capacitance division D/A converter,
CMOS analog switches, common voltage line, and a source line reset transistor. The
outputs from the CMOS imalog switches is connected to the pixel source lines. The
capacitance of the D/A converter portion satisfies the relationship Cp = C1/2 = Cp/4 =
C3/_8'= C4/16 = C5/32.  Digital video signals output from the video random access

- . memory (VRAM) of a computer can be input directly to the digital video signal lines. In
the pixel portion of the active matrix substrate described in this example, the source |
electrodes, source interconnects, and drain electrode (pixel electrode) are comprised of
aluminum, forming a reflective LCD. A liquid crystal panel was produced that
employed an active matrix substrate achieved as described for one of the two substrates in
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deposition conditions, it is possible to thoroughly crystalljze

argon- nonosi | ane m xed- crystallinity silicon filnms over a w de energy
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a xenon chl ori deTKisGdquid caysml Wh&ﬁm@mmltmmdydﬂaﬂ%obﬂpoﬂﬁblan exanpl e.
The et ettt sy FBL I Bl e hlPhed
In this exdnisgeated Grbit Idwtelrdqmdwrs uld smqedhgltahwdefaslgnammmm ¢gnpiftereere .

B th d
ecause t hegphf ‘%ﬁb@ 0% e fi nHB ta?&isﬁ&fg?}xéeoﬂfé' d!liéuﬁ B?ﬂff%urédlv‘ﬁ v?a‘ét%ﬁﬁoélﬁeﬂ, oes

not get heated rirng cry zaton m xed-cCcrys Inity or
seni conduct ermwcammmenmmwwymuc ta & sxtesmelploprlevely abet i on

is perfor érforiaficesafiné ﬁ@ﬁ@c@ahvmﬁmlamﬁﬁcdnami BERRY Al lifs #ABIbcIK | O)
o o ot b Al e O LR | T

appr oxi nat
envi ronme ntaddmmhabeu:nusg: thig iy orpflective hqmdlm'yfstai rdisplaly slewite mithdrigh mﬂurecmtm,n an

inert envir u r I,

cquar e and SHCE SHEMnfitelely. | Th8ludhole s ARG i alhic GRS (T

each | aser the p]gqm weight of the bat@nes while simultaneously extendmg the length of time they
can be used.  Accordingly, an extremely small, light-weight electronic device with a

beautiful display screen which has the potential for long-time use was fabricated.

ossible ia ications
As stated above, the method of fabricating thin film semiconductor devices

described by this invention enables the manufacture of high performance thin film
semiconductor devices using a low temperature process in which inexpensive glass
substrates can be used. Therefore, applying this invention to the manufacture of active
matrix liquid crystal display devices permits large-size, high-quality liquid crystal display
devices to be manufactured easily and reliably. Moreover, when this invention is applied
to the manufacture of other electronic circuits, high quality electronic circuits can also be |
manufactured easily and reliably.
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45 irradiated region is shifted by between about 1% and 99%
after each irradiation (for exanple 50% 4 mmin the previous exanple). At
first, after scanning is performed in the horizontal direction (Y
direction), the substrate is then shifted a suitable anount in the vertical
direction (X direction). It is then noved a fixed distance in the
horizontal direction, where it is again scanned. Thereafter these scans are
repeated until Wdditionally, becausd alitheinlow st snbhigh perfornmac ¢lenthinifiimect ed t o

donsi 1y of SEESdcl el Emd Bvehlrbark pbrtboty3R4d 4 Sk R ol SibsERELY |
first | asepfanaciive matdxliquid ¢ éﬁldw deyicse c dhey mmunum dayicgs topuseias
per f or med ﬁxgxa&mrﬁeﬂ dckiFe At stiied \FRIER aaﬁ%.d @&?ﬁ@é}@rﬂ;@ﬁg&ﬁ@ﬁ& second

| aser irradiatign,, an ener ensity hlgher t
irradiation is dBsloypeest and high performaneealse hediguidorysiglisplays agtheooo

m/cnferr] Fte‘ierﬂ%ﬁintlaih tﬁﬁ@ﬁmmn%rohﬁdteuéaépwﬁndmeﬁ%Mdi lagsll ation is

identical to th i rst irradiatio ca [

per for med whi | e%mﬂ»?ﬁeﬁw kg dow Bow,hd Blemmerfrmatios Thh B, S%Céof

i ncr ement s thisinkentiod will likely dgainaeitic gareral Adebptanocial |y, it is possible to
further increase the energy density and performthird and fourth | aser
irradi ati ons as necessary. By using such a process in which, follow ng
multiple irradiations at high energy, the energy density is reduced in
stages of nultiple irradiation, symetrical coincidence grain boundaries
are produced; and the transistor threshold voltage decreases and the
nmobility increases to approach the quality of crystalline sem conductor
films. Additionally, it is possible to conpletely elimnate variations
caused by the | aser beam edges by using such a nulti-stage |aser
irradiation method. Not only for each irradiation in the multi-stage |aser
irradiation but even in a normal single stage irradiation, all |aser
irradiations are perfornmed at energy densities which do not danage the
sem conductor film In addition to-the nethod described above, effecting
crystal lization by scanning |ine-shaped |aser |ight having a width of
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approximately 100 [err]mor nore and a |l ength of several tens of _
centineters is also permssible. In this case, the overlap in the direction
of the wwdth of the beamfor each irradiation is set t0 out 5%to
about 95% of the beamw dth. If the beamw dth is 10 and t he anount
of overlap for each beamis 90% because the beam ad W{a@@' Im,# for
every individual irradiation, the sanme spot receives # Mt I ons.
Since at least five or nore Iaser i rradilgitnsons are usually deSi r%tbl"e in
order to uniformy crystallize a semiconductor filmover the entire

substrate, a beamoverlap for each irradiation of around 80% or higher is
required. 1n hraifabritabiodepi'tbotissfekytlﬂnﬁﬂnsenicmyldc;orcdeyseha‘hngms thelgtiveyst al | i ne

fil d
ook to ovokler ERARNEr h3eARBhS Ror i, ARELDNiC A AUERF e el BRTAL 0T
Al t hough ugn méulatnngsmyemitonathe s@slratexat ileast a pertion ofiwhich dscan inwdatingiyeaterial; an
exanpl e of 3 gyhtidsfn ﬂrb&éﬂ& of P i fim Snli&indudR P Bevicd EHakddtbrDEd 6 iHe! iMiiENh of

oscillation | asers, 46

be used pr®PIagess ip Wéuqha%@rsemoaléwam B ¥ drposited by meansofplasparenbanced e
sen conducglimitdl vapdr epbsition (PECVID) tb ﬂi&kﬁes@ bfﬁeﬁﬁap@fwimﬁﬂbw 4B tﬁﬁ)fd 36 of

the substrate js i radl ted. For. exam I rradi ati 0 rforrred
usi ng an AR ué’)?glar?é?“qc cie gomptaining ﬁf"é eﬁlcmwwfg%%ﬁ%mr@%

| aser, carﬁmrsouhcegasimdgmrémrgmsmg\mrgoms(sAn-)amlmzaddiibaalgas ot her type of

| aser. Next the high energy optical irradiation crystallization
nmethod will be explained with reference to Figure 13. Although high energy
li ght does2-nohl=hﬁ atioh poogesion g ¢hin £ilm semicpudistor dewige baning ad theaetivgy density

s incr easayert&aqms&?sgahﬁen&w& il $id SEeifed @B f’a‘ﬁ&’béiﬁé*fo?ﬂ@&’klﬁiéﬂ%f ayer

S exposed el t her conti nuousl or non-conti nuous to.repetitive hig

energy | i git insating m%te%gnmsqbatr% 3 deastpportipp 9§WH1°P%W"G€ mptgriabpC

a fabrication process of a thin film semiconductor device characterized by the inclusion of

a process in which said semiconductor film is deposited by means of plasma-enhanced
chemical vapor deposition (PECVD) using a chemical specie containing constitutive
elements of said semiconductor film as the source gas with said source gas concentration
of approximately 6.25% or less, and, moreover, using argon (Ar) as an additional gas.

3. Ina fabrication process for a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being' formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device characterized by the inclusion of
~ aprocess in which said semiconductor film is deposited by means of plasma-enhanced
~ chemical vapor deposition (PECVD) using a chemical specie containing constitutive
elements of said semiconductor film as the source gas with a pressure in the reaction
- chamber during semiconductor film deposition of approximately 1.0 Torr or higher, and,

moreover, using argon (Ar) as an additional gas. '

4. In a fabrication process for a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device characterized by the inclusion of
a process in which said semiconductor film is deposited by means of plasma-enhanced
chemical vapor deposition (PECVD) using a chemical specie containing constitutive -
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crystallization of the sem conductor |ayer. Hi gh energy optical iTrradiation
unit 50 is conposed of |ight source 51 such as T : gsten

| anp, reflector 52 surrounding the |ight source,'lmm(ﬂuuy"wumuu em 53
containing a focusing lens or optical shaping |erfs &nd‘an® opti cal scanning
system The |ight produced by Iight source 51 is prinmarily shaped by

reflector 52, and the energy density is increased to produce singly focused
| i ght 55. trhmntgpﬁgm«}smewéetorﬁgnast@mmmwﬁb@nﬁlee@odwpmn@a@ébeenergy

density byresea&ﬁclﬁfnbep&drm@lsemhm&?ﬁxmag?éwﬁig%ﬁima&m%mr& afegnni ng

focused light 56 by nmeans of the scanning fu The i ght irradi ates
seni conduc ¥ mogsaverdningiargan (M) aganadditiongbgason t op of substrate 60. The
processing time for a single point on the senm conductor |ayer is determn ned

stanni ng_ gecd Ao BFS OFa i SLY seRsoMYCL: PR A PESTEH I LB angul ar
with a | engbdve(charactetizédbytthe fa¢t that thetpressyre@if thedreactioarctiambesiditing (1 ength in
the X diregtion. 5 t Scanni ed in t direction is 500
nm sec, thgéﬂﬁ?’g’égggf}ﬁga@eﬁg&?o e?@nﬁ@@%@&ﬁé&?'%é@?t&h@%p the irradiation
region is determ ned by the power input to the |light source, the condition
of the shapgedaldigiaii I S s LRRR .ﬂ%cﬁﬁb fs :

sem conducta'or‘ﬁ ayeru%‘gpig)rc%%ﬁ)fgr@ﬁm%c%]ht |%,kn_esg,q£t e.sedvlgie:&ae,ugzare

sui tably capaveshiragterized by the fachthatihe slacirede sqperatign distasee indhe esactiomed.

Al though i thantbefl@Sridgedtpbsition HEhE aforénditidAES i EinAik A6t 186 tRbaYst 1A giny. 100
mmerr] or higher in order to increase the throughput, in order to keep the

thermal effects to the substrate to a mninmum an area of approximately 500
mf err]- or 7) eAdabricationprocess.of Rulih il semicpidtsrdenige bs descbed if ClaiilBan

FFeots. ThioYs BafieEfardbylRE el ifaf g el B sonteio8 Befalfs BibCleslliof o; 61
i rradi at edchaynber duningideppsitions of the hforégentionedthin filg is ngtdlessithanabdut Th nfm.r st

annealing step is coimpleted if this process is repeated, and the desired
region of the sem cqonductor |ayer is scanned.

1 CO é ] Next, the_ .
crystal | i z&t i Orfabricatoripiosrsspf aitkin i semicaaduetor device as desgrifedinClaimia wi 1l be.
descri bed. atiive ¢hiradtérizsd)by the fact HAEIRB ipréssiire G treSesttion BRdmistr dafgn of the RTA
unt t used deposition of the aforementioned semiconductor film is not less than4a%out 1.0 Torr, and,

moreover, the electrode separation distance is not less than about 17.8 mm.

.9. A fabrication proceSs of a thin film semiconductor dévice as described in Claim 2
above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

10. A fabrication process of a thin film semiconductor device as described in Claim 3
above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

“11. A fabrication process of a thin film semiconductor dcvice_ as described in Claim 4
above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

12. A fabrication process of a thin film semiconductor device as described in Claim 5
- above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.
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in this invention. Looking fromthée up-stream side to the down-stream.side
of the direction of substrat direction of arrow X), this
machi ne is conposed of 35 ¢ ﬂ'ﬂ!glmimmlm,mlsat zone 2, 35 cmlong second
preheat zone 3, 25 cmlong thir ts zone 4, anneal i ng zone 5, and

cl eaning zone 6. In the first to thlrd preheat zones 2 to 4 and in cleaning

zone 6, heaters are |located below the substrate transport plane; and the

IsubstrgtA e i1s. gﬂafasﬂca&B ; iop {hﬁeﬁb&ﬁ 'artﬁﬂm:ngDo%hﬂﬁ&érddﬂteﬁﬁﬂe@h'bémmmlﬁiﬂu 5. are
anps an and reflec onyerqgkng the atc l-anp |ight
are arrangé‘govaﬁo‘g\?‘?me @Wf?‘ﬁ?‘éﬂ’ s’F‘?‘? ?8%1 eg'kqég‘?ffgﬂng‘& substrate 11
wi t h ener gatmicohdwivdr filihliencidesseliapedboar @.15 anmyseki ght t akes t he shape of a

| ong, narrow band (refer to Figure 14 (b)). The energetic light irradiation
area on substrate 11 has a width of about 10 nmwi th respect to the

direction df. sébfsbrication pravess of aBbindImscmicosduciordeyiceias descabedinrGlaith 2t a
fixed Spee@m&é‘&@é&é@%ﬁé'fm tﬂdt'i'fe %ﬁ’[’zﬁﬂ?@m r@xﬁ&ﬁfoﬂ ce with that

transport speed or exa when su tra vel s at nm sec, the
RTA pr oces§F1m§/°ﬁ¢'4¢E°1’|ﬂmGS% qsséb@(ﬂbﬂgt PAYSeRi s i nvention di scl osure, the
expressions "RTA processing tinme" and ' anneal I ng process tine" are used to
nmean t he t| |n erval during wh the RTA_Ii (ener ht :

i rradiati n& Ipg pEocesyf a &Fﬂhﬁﬁé‘&l@ﬁﬁ“q‘g“m Figscfibe@é‘t@?’fﬁ%ed by
tpe setI pOIabévddﬁmfeatedbﬁﬂﬁffadthﬁatihdd‘dpohﬁoﬁhitédfméﬁfiﬁﬁhgmm( ﬁds t he Oﬁt put
of arc la sSu ransport speed (that is, the RTA
pr ocessi ng.[g uc?q{ﬁ’ﬁn%m? A?Féﬁ‘ﬁ"oa??"ﬁ{@if "RTA processing

t enper at ure” and ‘crystallization annealing step tenperature” are used to

mean the t%g@iAﬁfﬁb’:ﬁ&tﬂn Rftigess Qﬁ%tﬁi’ﬁﬁlﬂ SERMROAGIGr devitE s LEcABL P q9i on

5E. In the use esen I nventiron, thrs tenperature |s

nmeasur ed byo & aboiercharagte pymmhefact mthqﬁéor&memneﬁgempdu@rcﬂmm ol | ed.

Thi s t enpeisiicon enddhs aforanéribRedstfurécdgdstiea kilagb ¢SiH | SHHEISiSHge during the RTA
process. The tenperature profile of a given point on an actual substrate 11 .

shows the changes as seen i'n Figure 14 (c). After the substrate being
processed ﬂ&sshsthblﬁbwh@imtﬁbrbséssbﬁadﬂmﬁhﬁbémﬂoxmmfwdbvmomgastthedctwehen it

; . ISIStO 0. uct n
peak ¢ empoldFLots Bl ddRiGHIG FpICGRbEr I8 bl his
maxi mum t eigsulatingimaterig! th@e mbstlpteo atcleasit ng:attelfpdmam nemsnlamg maferisk nt i o n
di scl osure. FEaghj eSick | d the

RS plod P*@ﬁn?ﬂ@%ﬂﬁ&ﬁd&%ﬁ Vic %?dﬂx@&xa&é&@nz@ﬂ bga

substrate terrperature gra ua reases W, _USI ng, suc n RTA

unit, the fFBstEpdp W@Cﬁrae‘&méﬁ‘m@l'féo’cﬁ]?‘s‘? Sepasited by means ol plasmg-<abanged o
suf fi ci ent lcherpioava &Ql@aﬁlﬁéh FECW'B 84105 h ERdnficallsPévie fhtaifiig ﬁﬁllsﬁtutﬁésum ng a

300 30 th 1 ght di at
Cegion is f%m%’#f?&%é%ﬁa“enés%%amﬁﬁ%“s%%r@és s Flr %ﬂé%ﬁk&%ﬁ? en
to t he subadditiomal gagands 3.3% For a 550 nm x 650 nm substrate, the :

anneal I ng regi Q0 daSiehn Which 1he CryStiiinity o Suid WnRbddductor fim is improved.

18. A fabrication process of a thin film semiconductor device as described in Claim 17
above characterized by the fact that the concentration of the aforementioned source gases
is not more than about 6.25%.

19. A fabrication process of a thin film semiconductor device as described in Claim 17
above characterized by the fact that the pressure in the reaction chamber during
deposition of the aforementioned semiconductor film is not less than about 1.0 Torr.

20.- A fabrication process of a thin film semiconductor device as described in Claim 17
above characterized by the fact that the electrode separation distance in the reaction

This Sheet Has Been Reﬁaced ' . THIS SHEET HAS BEEN

HIII\HIllIH\IIllH LA




and the annealing area to substrate area ratio is 1.5% In crystallization

'gﬁengi\ irradiation tine is short, Ummml"mu‘um,”w is locali Zedb‘(’a‘ﬂcﬁﬁse e

respect to the entire substrate; thére®ist nd thermal distortion or cracking
of the substrate. Wen crystallizing a sem conductor film the heater in
first preheat zone 2 in the RTA unit (Figure 14, 1) is set to an

appr opr i atchambersinring depositianaidhe @fgtqmnﬂpn;muu@ad?@mﬁlm ismptlessetharer i n the
second prepeat 128 3 is set to an appropriate tenperature between
350[err] C and 650| err]C, and the heater in the third preheat zone 4 is set
to a suitable tenperature between 450[err] C and 750[err] C. The transport
speed of wbstxﬁbﬁc&%nlﬁowbmmﬂm&mﬁﬂnaﬂaoﬁeemamdememmmﬁwults in

t he RTA pr n, t he ra seconds .to 5 seconds.
Al 11 oo AP ve ek bY B e tpanhe Congr R Aon Qi s Atofe BnaIRE SRR B4R
| ower arc ﬁmm&ﬁ thare6. zﬂ%eamdmédm,amuh fegsurd ihahe ﬁaademhaﬁldeuTii@ resul t

that the RT .U { [ at di
anneal i ng e b e SRaub BRY tikonauGaY 83 il Mep HRR B BB oqi on' 55
by an infrared pyrorreter) can be freely set between 400[err]C to .900[err]C.

Thus, anneﬁ’fﬁ Wbk o 996’% tfj]lHééhHéb‘i’:ﬂﬁ BPGe\@&szQﬂgdr‘%&nf@ﬁﬁﬁwons

corrpl et es e Ccrys | za Ion o sem con uctor fil

accept abl. @abpye d@eaqtmsd by thecfaet thatdhe eoncentrajionof theaforementioned seurse gasee | anps

as the li Qﬁ'hotsrﬁbhre(iﬁan 6.29%( Ma, moFéosRfl 1Rdt ¥Rd abdttddes¥pdrhtidiRdisthndeli€ndtrigsent

I nvention read ? ve a signifi cant’ crystalline corrponent in the
as- deposi t'g’b“&?h‘gil %éwn and show no dammge, del am nation, or scattering

even when subjected to | arge-energy |nputs in a short tine period.

and, o nod n e BfonstSiest 0 F B A ivERRberdr BB ARRRY B CHT? 1

processin gabowﬁemqtmd by thedactabe piesspre inthy réastione¢hamber dyringdepbsition of

distortio aingd: ke
n'as 1A AR P S B L R S sec. 11
or der that the electrode separation distance is not less than about 1

24. A fabrication process of a thin film semiconductor device as described in Claim 17
above characterized by the fact that the concentration of the aforementioned source gases
is not more than 6.25%, that the pressure in the reaction chamber during deposition of the -
aforementioned semiconductor film is not less than about 1.0 Torr and, moreover, that

the electrode separation distance is not less than about 17.8 mm.

25 ~ A fabrication process of a thin film semiconductor device as described in Claim 18
above characterized by the fact that the deposmon rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

26. A fabrication process of a thin film semiconductor device as described in Claim 19
. above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

27. A fabrication process of a thin film semiconductor device as described in Claim 20

above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.
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to avoi d rapid evol uti omof—hydrogem,—t—was necessary to anneal at

450[ err] C prior to crystalkbi .ncreasing the tenperature at a
rate of 10[err]C/ mn or | gm@ﬂrm Elmconductor films of the present
i nvention, however, not o L s tallization, but for all types of

crystallization including furnace-SPC, RTA, and VST-SPC, annealing prior-to
S not necessar (2-8, tinum Film Thi ¢

crystallizati i . ness o

(Ar)--M x g CB&Q@WF‘?%PWméf?ég‘&IﬁBEéWPP or device as E,“ﬁﬂ%ilrmm _
pol y- Si( ATEB-O‘W ' dmﬁw@fﬁhéiﬁmﬂarkmml ﬁtiéxﬁfat@oﬂﬁﬁhmﬂﬂ&m' o igﬁ?dfi | m deposi Ited.
as an (Ar)--mxed-crystal lini m then crystallized for use in a |low
t enper at u%@“ﬁ?‘@fﬁ’&%%ﬁi qtil?%tﬂiaé‘rﬁbe‘%@ggmse&evi ce of the present invention
as descri bed above is explained. During fabrication of a

m xed- cryghal [idy f | R ' j I m

coal escesié'o o@r#c\éué%h{qc%c?gs% %I%%@r&#%dgérrﬁ%ﬁf ﬁ% Ig{sﬁlgg@qﬁgc eis2

appr oxi maskdve charagterived bypthe fact Hupthealepositien tiésef the aforeméntionedyi conduct or

49 . | | rocess is fromapproximately
85%to 95%%@%%%%%%#%%2#@%%@% t Fg reason, if the 10 nm -

sem conductor filmof the PECVD process is crystallized, its filmthickness
V\Af I 122' |)30.0, R%ﬁc&iiéxtefnﬂééésﬁf%hhihmls&ﬁcpffmd fr,debiégasaéseﬁlsag dlfihlcn:t r;ﬁxf%:{:rness

of a (Ar)--m xed-cry.s nity--crystallize | | nm e film

Phi cknoss abaesharitized b g gack ief BeleBoatintaes o8 B hesracioned «r ansi st or
propert i esemitonduwetorfilh ot 3ésa thanzboutf0.15minfset. begin to inprove. That is, in
(Ar)--m xed-crystallinity--nmelt crystallized filnms, at 18 nmor |less, thin

fil mdegradation is donminant; and, at 18 nmor higher, thin film
degr adat i 3h dAdabrication progesstafa thinifilm semicondifctartdeise asrdescibadin Glaim24

. above characterized by the fact that the deposition rate of the aforementioned
semiconductor film is not less than about 0.15 nm/sec.

32. A fabrication process of a thin film semiconductor device as described in Claims 17
to 31 above characterized by the fact that the aforementioned semiconductor film is
silicon and the aforementioned source gas is a silane (SiHg, SioHg, SizHg).

33. In a fabrication process for a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device, said fabrication process
being characterized by a first step in which a semiconductor film is deposited by means of
plasma-enhanced chemical vapor deposition (PECVD) using a chemical specie containing
constitutive elements of said semiconductor film as the source gas and, further, using
argon (Ar) as an additional gas; and '
| a second step in which said semiconductor film is exposed to optical energy or
electromagnetic wave energy irradiation. '

34. A fabrication process of a thin film semiconductor device as described in Claim 33
above characterized by the fact that the aforementioned semiconductor film is silicon and

the aforementioned source gas is a silane (SiHy, SizHg, SizHg).

35. In a fabrication process for a thin film semiconductor device having a silicon film as
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This will continue if the f|Imth|ckness I s between 18 nmand 90 nm and
the transistor properties are mummmm”' V\Athl n this thickness
range. If the filmis thicker t I’”anfllmeffect t akes
control and the transistor propertles twi T yradual |y deteriorate as the

t hi ckness of the filmincreases. |If the sem conductor filmthickness is 30
nmor nore, it'is possible to have stable production of highly |ntegrated

thin film geeactivedayer ofa ansistasssaidsilicondiwi being forred,amioptof an insilatingit i on. - | n
ot her wor dspatdd Bn Ee%ubﬁ%&%ie%st@é&ﬁoﬁ@f‘whﬁhmﬂxﬁt F'rﬁtﬁéﬁhlv"' thout the

appear ance-of contact failure m t hi ckness

he sem con rf
i medi at el y afthigy misonsiugtor devisg charaeterizgd by @a@&hﬂ'@{ whensaidsilicos flmds ¢ o
crystal | i zahdadukkd by hﬂra%d/ﬁis@xlphbﬁep&&amwmme@faré BGlet tvile BISDIHLRE Pehks

;gg;ﬁgfgswo?,ggamgptaset %Qiﬁgﬁ@ﬁaﬂﬂ@é&ﬁ@%ﬁﬁtw@%%r Bt 2 & % L

i (2381 (r:t(r)n n :ZI uc t(bﬂwimt 2080xp0S aﬁdalOSS;an’ﬁG&(ﬂ)ﬂm tigt mmlt;mﬂmﬂsabmphmgeakhﬁm about
crystal |1 2200k sbiler MR EL il Bt R ArspRy RN Bl pegto 0 st Mo oo
and cryst all98@ ami’@nd 2820 emokeed smoothly during melt crystallization using
a laser or other means. If the semi conductor filminmedi ately after

deposition _is 200 nmor thicker, only the upper portion of the |la i's
mel ted duridfg Ima @bnpatmra@qsafprfartmﬁe@e@c@néuthedwﬂmwg)eusthr:@rn a& he

| ayer ret altﬂ&aaﬁet Epélsafrﬁ&isfmssaﬂ'ﬁh&naﬁiﬂx%e&%h folified Ml fopfofaiuihilasg and the

transi stor rtles ever el detenora% erefore, the ximum film
t hi ckness PP“&Fr%"g’ft&}t?’lai 4 paftion of which usan jpsplatingmmatesial, by \Wwhen t he
thin film semfabrﬁniucﬁ odss\bfmahmfﬁlmhemdoﬁmn dav:cessajtsﬁblmmoﬁprdoea it is

eakage curtiokehabAeh etd“ty (B R a BroseSL A hiort HRGR A Sostlful ' 12,
nm or | ess,plasme-dnbanca@;ehmcalempompmmmm&(é‘ﬁ@) §adrsﬂ1cgnﬁlmhmt;)ﬁtflea§t ate is
suffici ent 't%o%Bﬁernoq ﬁbajcp%ng@lﬁﬁ' Zib?tcpﬁ‘ (E@Mbeﬁ hbog éxﬁmaﬁﬁ’ﬂfb&&t?‘ &@%P&e of

this invention as optica curgent 1s ﬁ) Portlona to the

filmthic kﬁélses near, 2984 cAe @%@89%@110@@ @&eex) apddhgtdheyin
producti on a pmlnemmeﬁrtwstreﬁger thin thé ifl@ity oPhPatisbrplion geﬂc hdak M

Lo okor S, 2opdAA Phmsen ?g%i & aga BB Wﬁt‘sﬁtﬂf@eeﬂtef@mmﬁm SRy ot

and the spectroscopy.

37. In a fabrication process of a thin film semiconductor device having a silicon film as
the active layer of a transistor, said silicon film being formed on top of an insulating
material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor devicé, said fabrication process
 being characterized by a first step in which a silicon film is formed, said silicon film having
at least two absorption peaks, one near 2102 cm™ (between 2098 cm™ and 2106 cm™)
and the other near 2084 cm™ (between 2080 cm™ and 2088 cm™) and that the intensity of
said absorption peak near 2102 cm'1 is stronger than the intensity of an absorption peak
near 2000 cm-! (between 1980 cm™ and 2020 cm™) when measured by infrared
absorption spectroscopy;
-and a second step in which the crystallinity of said silicon film is improved.

38. A fabrication process of a thin film semiconductor device as described in Claim 37
above characterized by the fact that the aforementioned first process is performed by

plasma-enhanced chemical vapor deposition (PECVD). '
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device is not desirable for use in an LCD. Tn the case in which the off
state | eakage and opti cal Iea11 ' and when it is necessary to
gi ve even stronger consi deratimﬂlmlmnmmum[ such as when using a thin
filmsem conductor device for t*hepi kxel®sw tcehi ng el enent of an LCD, a

systemthat would satisfy all conditions would have a thickness from about
30 nmto 150 nm but ideally fromabout 45 nmto 100 nm_In grder_to

reliably pP8duliea fabrication pracgsseaf athinfilaysemicandugteodevicehguing policon film as
350[err] C iR detitenaydti oFlanRmsistaf, saidviliRh Hih Being Foknitd od'topBF &n inSulai@fy ' abl e.

As descri bed appve, in accordance w th tthe present [nvention, the follow ng
effects mafPaisgiaben the substrate, at least aportion o 1W*¥$h‘slﬁéd%‘l9 matetial s si ng

t grmer ature i gfﬁrﬂcﬂ%n&ﬁ&%@g of £thin film &ng&ﬁﬁiubioe device)said Ifsk?ﬂcmidmpdc@h ass glnd
advances can nagde. i e asin toduct prices., Further.,. it.ds possible
o ans Ty PR Sialisd by e Ao il ool Siornelh AT i o
and easi | yai least éws ebsorgtion peaks) bnéinen 2402 kint'\(bétingen 2098 gmt and 2106xinal)s

(LCDS).  and the oﬁ}& Edr ZkBg)cm'll(Pﬁtﬁeﬁ’%@ 3 g%@%bﬁ&icxﬁ'@%@%&t%teﬁggﬁ at es

reactors and easily nove fromthe curren 1 X 460 nmm glass su

to larger stdabserptiopgwaknear2302 cmi’sis stronger than th intepsitylofan a%wrptlamp@én ing
step pri Ornéﬁzﬁﬁdéﬁla!@ %Eh@@s@émsﬁﬂaﬁméﬁfﬁhéd&%ukﬁ XWEE]F .
unnecessary, and it is possible to obtain hi‘gh quality, Crystalline

sem conducBRPTRHONSREHIPSSORY; npl e process. It i s possible to produce high

performance thd 8 sécdohdstep i whidH ysitl Silicete Hint Bexpssedgo Oplical gt | Y avail abl e
equi prent . g.range of appropriate irradiation

fect 1-4).. T
condi ti onse\fﬁtf?fﬂagﬂg{l‘f‘%gﬁ W%yr?rrla@?ﬂ??’aser irradi ation over the entire

substrate is wide. Consequently, it is possible to reliably crystallize
over the eppir 3 r ' | | e 1 I n
the. | aser 1o o HHRISBeRY oF 86fin BT RerhicolIidE Bl 5 adbBingiih CHia %"
crystal | i zakqveshayaeerized bytige fagt that the aforgmentianed first proggssos performedibyol s t he

crystalli nwm&d&mﬁmvmagp&ﬁﬁt(phbvﬁ ty sem conductor films, the
variation in crystallinity fromsubstrate to substrate and lot to lot is

remarkably small. As a result, it is possible to both easily and reliably
produce hi gh pkyd fabricatior ptdticss dfial thinfihmi semivdndicdsr dvidehavging as the activy obl ens

associ ated, wi.t - the third t 0 Lor.art.. ffect .1-6). |t |
possi bi e BVErdhaiifboy s enBRuRlor B aid ienionndpgor i pg prasdontip oF
an insulating material on the substrate, at least a portion of which is an insulating material;
a thin film semiconductor device characterized by the fact that said semiconductor film
has both amorphous and crystalline components and said amorphous component has a

columnar structure.

42. A thin film semiconductor device as described in Claim 41 characterized by the fact
. that the aforementioned semiconductor film is a silicon film.

43. In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material; -
a fabrication process of a thin film semiconductor device, said fabrication process

being characterized by a first .step in which a semiconductor film having both amorphous
and crystalline components, said amorphous component having a columnar structure, is a
deposited; and |

a second step in which the crystallinity of said columnar structure semiconductor film
is improved. '
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single laser irradiation. As-aresult, productivity inproves dramatically.
Additionally, when irradiating the sanme spot several tinmes or less, it is
not particularly necessary tojmm,m"m phere around the periphery
of the substrate. It is also eﬂﬂ””" out laser irradiation in an
air- atnosphere. This nmeans’ t hat" pfodbctfvixy«s further '
51 ' | mpr oved. - Effect 1-7). Since it is possible to set the
| aser energy density relatively freely, the optinmum val ue can be sel ected

with the regult anln Qrain i ze follow,ng . PR

' adi ati o TRRERGHR R A i fip ARl detice YRR cb AT B Claim 43,

devi ces usmhg‘aétlehmﬂbythhfdc&tlgbtlgraﬁammeﬂtmdnemimmmmﬁlm is a silicon fiifnf ect

1-8). It is possible to decrease the |aser energy density for nelt
crystallization of sem conductor filns by approxi natel éqrr] cnferr].
Ther ef or e, 4Por Ima §abrigation| preesss pf 3 thin Gim samiconducter derdes gtaét adivel i ze a -

wi der area I%r%rﬁ Mﬁﬁs?ﬁjort@seﬁﬁ&n@ﬁétﬂfﬁ]ﬂ{ Saill Qémﬁaﬁhﬁmlﬁmfbbﬁ@formeﬁmn&oﬁ geluces
t he burden | aser | rra I ation eqw prment o}gvSI nmul t aneoysl y increases

product i vi 3 insu atmg mategia] on the subsirate, gt leash A pogion; aninsulatingmatspal; § ¢
has becone poaghbricatié® foeéss@lfhmmﬂuamcsﬁddcwfﬁiewcacsaﬂ fabricatibh process -

caui pront - ARAESTEECaPRPY AL BB ARSI Pt b r"’at'°”| ar ge

gl ass substandtgstalline compohantsy said hmorphoumcranpmedahmymgva ¢diurhieer sfroeteem) is

I nvention, dteBc‘]? t@g,d:in i onal effect described bel ow can be obt ai ned.

Ef f ect 21) ¥ possible to easily fabricate good thin film

seni conduct ora ssemdmp mﬂuﬂgsammlmmar@yuqmrelsem@m}tv{ Bl bsaposed it or

hi gher usi R@idarfe ﬁg’%’i'sﬁ% 'H‘*E,BQ’G@% VOERE dhfiog hat of a-Si TFTs of the
\%gt]hout f F a C

prior art special ctystallizatTon process.

46. A fabrication method of a thin film semiconductor device as described in Claim 45
characterized by the fact that the aforementioned semiconductor film is a silicon film.

47. In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device, said fabrication process

being characterized by a first step in which a semiconductor film having both amorphous
and crystalline components, said amorphous component having a columnar structure, is
deposited by means of plasma-enhanced chemical vapor deposition (PECVD); and

a second step in which the crystallinity of said columnar structure semiconductor film
is improved.

48. A fabrication process of a thin film semiconductor device as described in Claim 47
characterized by the fact that the aforementioned semiconductor film is a silicon film.

49. In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
~ a fabrication process of a thin film semiconductor device, said fabrication process
being characterized by a first step in which a semiconductor film having both amorphous
and crystalline components, said amorphous component having a columnar structure, is
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In addition, in accordance with the present invention, the further
additional effect described b gined. . Effect 3-1). In

t he deposition of thin filns ﬂ"mmﬂmmﬁ"mju)ﬂﬂr ate PECVWD reactor, thin
filnms can be deposited with hidh protucti ity without the preparation of a
speci al preheating chanber. Therefore, it is possible to suppress the

enl argenent of PECVD reactors and the associated steep increase in price.
Furt her, epositetby eneass of plastiveerthancgdchemisalvapot dépesitios PEC¥D);andi ni ni ze t he
reheating tj I ' _ ikQn chanber
gv en when gt hdegztg%'?fip%%}nb‘?@c}g@§ %@%ﬁ%&?ﬁ?ﬁrfﬁéﬂ‘f@g&gﬂ? gpﬁ:@ﬁae%ggsfe hité) room

t enper at uropticatignergy or elgetromagnetic waveensagyes i n productivity. Thus, even in
the deposition of thin filns by a single substrate PECVD reactor,

conveni ent_and hjgh productivity thin film_ deposition has becone possible.
Bri ef ExplP8natBhrication u?@q%‘?frae%m film semiqongyugter devigs slesoribed indelaim 5

crystal | i Zhirabterigddtiyaté ict tHat e MMrememicfad®sémiconductonfikh i$ H§ilidvn fi. art .
Figure 2 shows the PECVD reactor used for the present invention. Figures 3
(a) - (d) show cross-sectional views of an elenent in each of the thin film
52 51. $eataboication procas vl ¢ ehif filnd sepditorminctior devissks/ingra3sheidativei N one

cpect rum GpYeROLElERERY A R ndRRlor ind {af semleanébe s Mim R iRl "5 shows
t he i nf r arceystadiinityrapd being $gronedramtop of aminsulSing materialfontthe sybsirate, atrléast & gure 6
shows the B bISHE iﬁ‘dﬂ‘ixﬁfﬂaﬁﬂ% fatdriaf:1 | M of the prior art. Figure 7 shows

t he Raman spectrum of a sem conductorf fil mof the present invention.
a fabrication process of a thin film semiconductor device, said fabrication process being

characterized by the presence of argon (Ar) in the reaction chamber during the growth of
said semiconductor film.

52. A fabrication process of a thin film semiconductor device as described in Claim 51
characterized by the fact that the aforementioned semiconductor film is a silicon film.

53. Ina fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate,-at least a portion of which is an insﬁlating material;

a fabrication process of a thin film semiconductor device, said fabrication process being
characterized by the inclusion of a process step in which a mixed-crystallinity
semiconductor film is deposited by means of plasma-enhanced chemical vapor deposition
(PECVD) using argon (Ar) as a dilution gas.

54. A fabrication process of a thin film semiconductor device as described in Claim 53
characterized by the fact that the aforementioned semiconductor film is a silicon film.

55. In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device, said fabrication process being
characterized by a first step in which a mixed-crystallinity semiconductor film is deposited
in an argon (Ar)-containing atmosphere; and
a second step in which said mixed-crystallinity semiconductor film is crystallized.
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Figure 8 shows the |aser crystallization characteristics of a sem conductor
filmof the present invention. Figure 9 shows the infrared absorption

spectrum of a sem conductor fi ”m ' invention. Figure 10 shows
t he Raman spectrum of a sem co ﬂ“ﬂ'"'""'"mﬁrﬂbe present invention. Figure
11 shows the laser crystallizati'on¢charatteyi stics of a sem conductor film
of the present invention. Figure 12 depicts a digital data driver used in

the present invention. Figure 13 shows the high energy optical irradiation

UL e AR RSk RYFR 8 b b SR CUBRCSL L.

i nvent i onchasacesrized by é fact thatrdrymﬂiziEiOnptoonédslbyr\edyarf@’hmf molteinsta®cconpanyi ng

figures. &% . :@]@i of a sem conductor film according
to the pr esgﬁﬂ?%@én ‘T’n(t)lﬁn%dn%f &?’aégl cgt ion by neans of PECVD will be
expl ained. After forming an underlevel protection |ayer, consisting of an

i nsul ati nﬁ.”%?ﬁﬂrﬁhu&}%cék‘é ofta ik | fificlor Id%ceas SscritRash @&h& 9f the
B8 Srfibh {2

surface of substrate, a sem con Imis forned on top Q

under | evelo %ﬁ%&a&mr@ﬁd bﬁyprfa%hﬁghq Horemeotionedsgaiondugechines sl]ﬁo%let ail in
section (£fm3) - A 360 nm x 475 mm x 1.1 nm gl ass substrate (OA-2)
which is at roomtenperature is set in-the PECVD reactor, the |Iower plate
el ectrode 203 of which is maintained at a tenperature of 380[err]C. The
reci pe f o$8.oviac fabrixatioh processsifracthin fike semicohdwtorn devich havihg s the @aativd on

fu r: nac es | By&%f ?hb%ygr a serpil(:gﬁcﬁﬂ?cﬁtﬁl&) said semiconth&¥t film lﬁ‘éng_fo%\f)d %'&:Eﬁ*ﬂ

t .
HeI i um f | aninswating materlal on the substrgie,-at kasa et of which isanghsulatiog materialpover :

=0 W(n R = 3.0
Tor r Oq P édr'l%)d; rocess of 4 {HaSilkH &miconductor dev§cc sald fabrication process

epar at I on: S 7.1 Lower plate
el ect r odebeing charactenfzg ¥ 2 Airst step in which a semiconductor film in a nnxed-crp@@gm;_ty
380[ er r] Gstate if d¥pokieet under an argon-containing atmosphere; and 53

a second step in which the said semiconductor film in a mixed-crystallinity state is
exposed to optical energy or electromagnetic wave energy irradiation.

59. A fabrication process of a thin film semiconductor device as described in Claim 58
characterized by the fact that the semiconductor film is briefly in a molten state during the
aforementioned second process step.

60. A fabrication process of a thin film semiconductor device as described in Claims 58
to 59 characterized by the fact that the aforementioned semiconductor film is a silicon
film.

61. In a fabrication process of a thin film semiconductor device having as the active
layer of a transistor a semiconductor film, said semiconductor film being formed on top of
an insulating material on the substrate, at least a portion of which is an insulating material;
a fabrication process of a thin film semiconductor device, said fabrication process being
characterized by a first step in which a mixed-crystallinity semiconductor film is deposited
by means of plasma-enhanced chemical vapor deposition (PECVD) using argon (Ar) as a
 dilution gas; and
a second step in which said mixed-crystallinity semiconductor film is crystallized.

62. A fabrication process of a thin film semiconductor device as described in Claim 61
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Ti me: Silane flow rate:
SiHerr] = 100 SCCM Ar = 3000
SCCM H gh frequency pogﬁﬂ,"”mnﬂ”@,wﬂl 0 W(no plasm) '
Pressure: El ect rode

separati on: S =37.1 mm Lower plate el ectrode

t enper at ure: . Tsus = 380[err]C (Deposi tion)
Ti me: t =hifddterized by the ffst tl'anﬁlefsbmm)ndn@or film is briefly in a mdieh[seate furinglifié SCCM -

Argon fl ogf&%&u%e? second process ste Ar = 3000 SCCM (source concentration

3.23% reque cy po RF = 600 W(0.228 WcnR)
Pressure: P =15 Torr El ectrode
separatio I

¢ onper at u?se A fabrication processbfa %M%cc&uctcf@%ea@d@&%bgst (Chilis 61
t enper at urt@ 62 characterized by the fact that the aforementinned sgmigprductar film ive slliean 1,

hydrogen gpg. heliumare introduced into the reaction chanber and since the
pressure is set sonewhat high at 3.0 Torr, the total heating time can be
shortened to 2 mnutes and 30 seconds even if roomtenperature glass

subst r at ess4ar ¢n h Gaieatich procdss vf a i filnk Seniiecwiucdn deﬁwhwing ddthergetivee

el ectrode ,sepa Lon distance .of 3.71 cm the nber Vol u V of
9765 cnf oAPEF OLs AT TR s pdoeipL i s seion R 3G AP bepRIoTd oflop OF
cal cul ati an miﬂalmg niaterial omthesnpitmate; hileast jal pactiont dfovkithnis ap Ersulatmglmanga]; he
second preh é BLd
m-nutes = ﬁ Hgg&éﬁioé'géﬁgggﬁts%n {i,ﬁn }1 Paé%lseé%%{é?bpr e@ﬁl %egs Peslg
sufficie ntchgrapt@ﬁgeddqy wiirststep ingehich ﬁgnxed—crystalhmty semiconductor film i is deposited

by means of plasma-enhanced chemical vapor deposition (PECVD) using argon (Ar) as a

dilution gas; and -

a second step in which the said semiconductor film in a mixed-crystallinity state is
exposed to optical energy or electromagnetic wave energy irradiation.

65. A fabrication process of a thin film semiconductor device as described in Claim 64
characterized by the fact that the semiconductor film is briefly in a molten state during the
aforementioned second process step.

66. A fabrication process of a thin film semiconductor device as described in Claims 64
to 65 characterized by the fact that the aforementioned semiconductor film is a silicon
film.

67. A liquid crystal display device characterized by the incorporation of a thin film
semiconductor device as described in any one of Claim 35, Claim 41, and Claim 42.

68. An electronic device characterized by the incorporation of a liquid crystal display
device as described in Claim 67 above.

69. In a fabrication process of a liquid crystal display device which _ho]dS liquid crystal
between two substrates, one of which incorporates a thin film semiconductor device
consisting of a semiconductor film formed on top of an insulating material of the substrate,
at least a portion of the surface of which is an insulating material; and said semiconductor
film serving as the active layer of a transistor;
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at nosphere during the second—preheating—+s—conpletely replaced, and there

IS no.possibility for. the first prehe |nfluencethefllmgrowth
The deposition rate of the se mh mmunder such conditi ons was
0.365 nm sec, and the thickne ductor filmwas 60 nm The

hydrogen concentration in the sili con f| | m measured by thermal desorption
spectroscopy (TDS) was 10.39 atomc % According to transm ssion electron
m croscopy ohagnufatiufing ptdcessaif& bidugystalrdisplgrdeviet, §ahiﬁbﬁoaho@ prockssl m has a

sa ° 7 b Pt P gy ‘ﬁ%ﬁa'?t& iratnaRe SR ettsﬁbsque%r'ﬁoiﬁ be

seen t hat plhsmabslanedd ahnmpmh'ka[mr dqmgithn (REGWVHY) ugih@Zhemical spciescbnPiriidg
crier] | o st f00 BenblidBe L sARSOIRHOR BiR GRLoGE S e hBNOteP 30BeonT or T

Fi gure nor eover copy- neasufenent s
of th| S suarg@mm)uasmaﬂdmnﬂgassnndt fromthe crystalline components is seen

around 520 ca}%ahstepwwﬁﬁhltﬁwc&a@mw@fsmgeﬁﬁ&#ﬁ?aa}afmfs% roé&npl e has’

m xed crystallinity | e” 2 ' msem ¢ uct or device
was fabricated using the as-deposited sem conductor film obtained as

dez cr: bedI 700 @ﬁ&ﬂ?b@nﬂfa@ﬁnﬁ 82@8’5\%&1 %Bd@ém@ﬁ?\ﬂce'rl?ﬁng a liquid crlistm&gs pla o
unaeril eve I,LO GL.I I C con SILS O a.S ConOXIeImIS
oo A i hilas Al ﬁ@é‘ﬁ%"%\”eﬁ-ﬂéﬁw Wbstpasss, O O hich BROTRIHIES £ o
vacuum anthimfilm sfem:corﬂud:tocdmdeeopasmmtg affa seaieondactonBinefimedon pasf anf t he

nder | evel BUAGRIBMER ot RS E8E o R Nirton HLAERRRG St PRI ' | "1
t hi ckness ipsulating matexal) mﬂ@lalqmemmudmw filoyserving asihe aqtmqalnxbr fie tiahsistkmiess of
the "semi condyglahtabiubily bfoceS PR liqhRCy I DYy deliRe, SSMl GARRIRG frbldR
being characterized by a first step in which a semiconductor film is deposited by means of
plasma-enhanced chemical vapor deposition (PECVD) using chemical species containing

- constitutive elements of said semiconductor film as source gases and, moreover, using

argon (Ar) as an additional gas; and
a second step in which the crystallinity of said semiconductor film is improved.

71. Ina process for depositing a thin film on top of a substrate by means of plasma-
enhanced chemical vapor deposition (PECVDY); '

a thin film deposition process characterized by a first step in which a substrate is set in
a reaction chamber;

a second step, performed after loading of said substrate, and consisting of the
introduction of gases into said reaction chamber, said gases having a higher thermal
conductivity than gases introduced into said reaction chamber at the time of deposition;
and a first preheating of said substrate;

a third step consisting of a second preheating of said substrate, all conditions of
deposition being the same as the deposition process, with the exception of the generation
of plasma; and '

a fourth step in which deposition of a thin film is then attempted.

72. Inaprocess for depositing a thin film on top of a substrate by means of plasma-
enhanced chemical vapor deposition (PECVD); :

a thin film deposition process characterized by a first step in which a substrate is set in
a reaction chamber;
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deposition tine is 247 seconds. Senm conductor filns obtained in this- way
can be used in the as-deposited state as the active |ayer which serves, for
exanpl e, as the channel regloummnﬂmmuﬁlmer the substrate is renoved
fromthe PECVD reactor, the s is patterned and thin film
| ayer 103, which |ater becones” the dctive®l ayer of the transistor, is

formed. [Figure 3 (a)] Gate insulator layer 104 is then forrred by
means of PE@\éEtond sEipg péxﬁor&xeﬁhﬁ]er 1bhéing af said msbistratepind consisting/dfithe | s

O | o€ b o G G5 bl 45 SR B BT 100
CH err]- Cﬂ[epnsn]o)l[mdqﬁxstpvehqnmgm:adm}bstmwd water (Herr]O as source gases
and argon ag Mgttﬁt{)&%ﬂgﬁfaﬁ%hagt&g?tgg&gsm%ut&ta% YREGGERRST ti 0N, the

insulator film qua rove proXi hree hour
anneal tdemmo !J{gé ¢§3®1ng8¢ eposmonmmm ¢ eEreptiones e gepraationg |
pressure g ﬁg}Pg mately 0.2 atnospheres and water vapor with a dew point
of approxm‘g y 80[ e k‘G Then a_tantalum (Ta) thin film which
becomes gat @ @F‘@HtPBHbW Bdewlt@emgltme@hsys%aﬁ%emte puttering. The
substrate tenperature at the time of sputterlng is 150[err]C, and the film
t hi ckness_Ls 500 nu. Patterni.ng i.s r 0 ter.the ta lumthin film
which is 173 REREMILTIY S sitinga fhip i pa %@%?@é‘&a“’%"?at’%n‘% ed by

i mpl ant at enimnoéd¢hepmailtrgpoirdapositﬁﬁ(l’ﬁ(1\ﬁ)z) sem conductor | ayer and formation
of source a red\l ' I ] At
this tine, 'Ita gléjﬂ fﬁrbe%eé(?sgt(kﬁ%r é&ggﬁd&gcstgé%t@ﬁaﬁrgtgéft%%chig étgtls?%e?]ﬁ) and

t he channelremgmnmnbsr,self aligned structure which is

55 a sbQIAR ijelpog{‘:jﬂorﬁﬁh%ef Bﬁ %B?sﬁt!l SibstradCand dBRLiStidg/of tAE :
| npl antation s car out usin on- nassS separatl ng, | on | | anter and
phosphi ne ntodystion of gages iplo saidy W@F’cﬁﬁ’ﬂ:&%ﬁ bavinga higherdhermal nat el y 5%

as the sogbmductivity thin gaﬁé@ inl’dodh&ﬂ ihtoRhidte&ltion thalAbe at tmahn&bmpom atich as
PH err] and H ure I'hlgher atar} that %to ertirrr]e o%gésq&on?%dg r %pe Pn%ro at om
substrate, . '
a third step consisting of a second preheating of said substrate, all conditions of
deposition being the same as the deposition process, with the exception of the generation
of plasma; and -
a fourth step in which deposition of a thin film is then attempted
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concentration in the source and drain regions?is approximately 3 x 1020

cnjerr].
250[err] C. .
silicon oxide film
surface tenperature

The substrate tenperature at the tine of
Next ,

interlevel insulator |ayer 109,

ion inplantation was
conprised of a

is formed by neans of PECVD using TECS. The substrate

during interlevel insulator

| ayer deposition is

350[err]C, and the layer thickness is 500 nm After the interlevel

i nsul at or
350[err]Cin an oxy
and densificat
opened to the

it

| ayer is fornmed,

‘thermal annealing is performed for 1 hour at
gen at nosphere to achi eve activation of inplanted ions
of - the iqnterl evel insulator |layer. Contact holes are then
eGhnd drain, and al um num (Al) is deposited by neans of

sputtering. The substrate tenperature during sputtering is 150[err]C, and
the filmthickness is 500 nm Patterning is carried out on the alum num
thin filmsource and drain el ectrodes 110 and interconnects to conplete the
[Flgure 3 (d)]

thin filmsem condu

characteristics of +he—tHirH

experinmental .y fab |cated |q%th|s way mere neas red It was fqg
= (9.10 + 0.87, -0|/80)Dx 10[Rrr] Rat aPo5% cBf i defce I
current, I[err], i$ defined as the source-draifi current |ds mk
transi stors ar%g&? ned on at source-drain vol fage of Vvds = 4 \
voltage of Vgs ="Mp V._The qff current en he transi st oL _was
at Vds = 4 V and Vs 0o v s I[&r] =6 20 3. 2. >
These neasurenents wer e taken at a tenperafure of 25[err]C for
havi ng channel |enpgth err]pand wAth err

mobi lity found frognthe saturatlon currt “’ [e =
crierr]V[ef]S[err], d@d thdthrefhol ¢g/fol t agévas @h —10
described, 8his |nvent|on achleves tie fabrication of extremel
filn1senicéhductor Wces V|ng'r gh fobi it es t at ar® thr
times hi ghd Eﬁiﬁ% of a T s of the prior art. by qgans
in which t B>oces ng’t ¢ her afur e (§%O[er 10 is the
for a-Si ThRds of th ver , AUSTNQ an GQAIVEII

fabricati org proces

An active trix s
devi ces obtai ned i BEfgnpl e as e pi el swA chind el engants
hi gh- def i niﬁion col or LCD which was conprised of 768 (rows) X
(colums) #® 3 (collors) = 2359296 pixels. As in Exanple 2, the
el ectrode d sourjce interconnects in Exanple 3 are
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alum num the drain el ectrodes,

liquid crystal panel

however ,

are ihdiumtin oxide (1TO.
was manufactured that enployed an active matrix

A

substrate obtained in this way for one of the two substrates in the

substrate pair.
the liquid crystal
driving C|rcu g’
per f or mance and zh

smal |,
deV|ce was obtalneo
active matrix substff

produced reliably aﬂ
devi ce was instal1=ﬂ

a

of the liquid crystlgl

(not ebaok PC). Beca
per.formance, this
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consuned by the baop
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of crystallinity of 88% was achieved for this sem conductor filmfor a
single-stage laser irradiation at an energy density of 125 mJ[err]cnferr],

t hus producing_a high quality crystalline sem conductor film As shown in
Exanpl e 4, uslr_-nq t seq conductor filmof the prg{®@® invention,

hi gh-qual i ty fpol*ya¥yst &¥l i ne sem conductor filnms Javing a hi gh degree of
crystallinity can be fabricated at conparatively Tw | aser ener?g?ggnsities
by a sinple laser irradiation ' Ty ng Aehy enation
anneal ing or any ot her nanne he prigQr art.

57 (Exanpl e 5) Aihinfilmsgm4£4mm$@;9@ﬁ}el dim]as
the active layer a crystalline sem conductor filmforned by iFradiating the

sem conductor filmobtained in Exanple 1 wiith.a |aser in the as-deposited
state without first subjecting it to any fgﬁioof t hermal anneal i ng was
fabri cated. First, underlevel protection |ayer 102, conprised of a
silicon oxide film was fornmed by neans of PECVD on | arge gl ass substrate
101 neasuring 360 mm x 475 mm Then, w thout breg&bgg vacuum an intrinsic
silicon | ayer was sequentially deposited on top of i s underl evel
protection | ayer using the nethod described in Ex |l e 1. The thickness of
t he underl evel protection |ay f . et ess of the -

sem conductor layer is 60 _nny This type of nelt crystalliXation of the

sem conductor films, which are/in the as-deposited state and have not been
subj ected to any form of f f T | aser

irradiation. Irradiation Fs—1ﬁﬂﬁ1n1nﬂT1mshn§-a—KrF-excrner—raser wth a
wavel ength of 248 nm and a~ftHt—Wi-ei-h—at—half—rad-Frm-ef—apps Oxi matel y 33
nsec. The | aser beam has a |ine shape neasyt;yg 120 [err]min width and

'
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~~ 105

/
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// .
38 cmin length. The ampunt of width-w se overlap of the heamin each
irradiation is 90% of the beamw dth. Therefore, the beam advances 12
[err]mafter each irradiation, and the same point on the sem conductor film
is exposed to |laser irradiation 10 tinmes. The |laser |ight energy density is
150 mJ[err]cnferr], and laser light irradiationis perforned in a vacuum
with a background pressure of about 1 x 10-6 Torr. The substrate
tenperature during laser irradiation is roomtenperature, about 25[err]C
Measurenent by nultiple wavel ength spectroscopic ellipsonetry showed the
sem conductor films crystallized in this way to have a degree of
crystallinity of 95% and a thickness of 55 nm Results of Raman
spectroscopy e _qﬁggnts‘qpvealed a sharp crystalline-conmponent Ranan
shift peak of about” 425" cnf'err] full width at half nmaxi num around 515.9 °
cnferr], evidence that high-quality filns having extrenely high _
crystallinity were formed. Further, observation by transm ssion el ectron
m croscopy revealed that this sem conductor filmis conprised of crystals
havi ng grain dianeters ranging fromabout 200 nmto about 500 nm After
conpletion of the crystallization process, this crystalline sem conductor
filmis pattern%d and seni conductor film 103, which | ater becones the

active Iayer-ofgthe transistor%1 is formed. [Figure 3 (a)] o Wth the
exception of thejsource-gpg ditakn f, it | process by ion inplantation,

al | subsequent ggocessefﬁB?FBh1 at ‘5ggd3§?or | ayer formation to soyr¢e and
drain el ectrode gnd i nterconnec rmation, are perforned exactly a
described in Exasple 2, thus fifisshing the thin film seni conduct orjevi ce.
FFRigure 3 (d)] 1y Exanple 5, becguse CMOS TFTs are being forned, th NMOS
TFTs and PMOS TRs are forned 2000 (u!

58 @ on A : TFTs are cover

pol yi m de dgri ng
conversely, at he g\#

X

o+

Abso

0,2550

0. 2533

2300.0 =2188.8° 2127.8 208S8.7 2008.5 1844.4 31883.3 1822.2 317B31.3 17D0.

Wavenumber (cmt)
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with polyinide during formation of the sources and drains of the PMOS TFTs,
" thereby making CMOS TFTs. Inpurity ions are inplanted in the NMOS TFT in

t he exact sane manner as described in Exanple 2. The inplantation of
impurity ions in the PMOS TFT is al so performed using a non-nass separating
ion inplanter. Diborane (B[err]Herr]) diluted to a concentration of
approximately 5%is used as the source gas. The total ion inplantation
dose, including ions such as Blerr]Herr] and Herr], was 1 x 10[err]
cnferr]; and the boron atom concentration in the source and drain regions
was approximately 3 x 10[err] cm 3. The substrate tenperature during ion

i npl antati on gQSJZ%S[err , just as in Exanple 2. ' The transi stor
characteristi h in filmsem conductor devices that were
experinmentally fabricated in this way were neasured. The neasurenent
conditions and definitions were the sane as those described in Exanple 2.
(However, the Vgs and Vds of the PMOS TFTs have the reverse polarity of
NMOS TFTs.) In this exanple, the purpose of the investigation was to

exam ne the performance of transistors and their nonuniformty over the
substrate and nmeasurenments were taken for 50 transistors having channel s of
length L = S [err]mand width W= 5 [errImformed regularly over the entire
surface of @ large glass substrate. Theyaagldxs! are as fol I'ows. NMOS TFT
I[[err] = (619 + 7.5, -5.7) x 1l0[err]A I[err] = (1.66 + 0.63, -0.44) x

10-12 A [er] = 103.4 10.5 cnferr err]S[err] Vth = 2.170.14 V
PMOS TFT QC»I: (43 + 3.9, -3.4) err] A Iferr] = (4.64 + 1.19,
#9.96) x 10- 33 A [err] = 57.75 .03 cn[err]V[err]S[err] Vth = -1.12
0:11 V As described, this i ion enabl ed the uniform fabrication

of extrenel yggood CMOS thin film sem conquctor devices having high nobility
by a processajn which the maxi num tenperature (350[err]C) is identical to

t he maxigmum pfocess tenperature f i YFTs of the prior art and,

nmor eoverg on.|arge, conventional ¢lass sullstrates. The TFTs obtained in

_this Exgmpl egb have extrenely good reliability because of the good
crysteulgne gsem conduct or | ayer dnd gate insulator |ayer and operate- stably
over E@ng tinme frame. The unifgrmty of laser crystallization, whether

within a subgl
59

rate or fromlot tjo | ot, has

ot

0.2752

0.2719
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been a very serious problemin the | ow tenperature process of the prior
art. This invention, however, greatly reduces the nonuniformty of both on
current and off currents. This marked i nprovenent in uniformty is a result
not only of the relatively stable |aser generator but also inplies that the
initial silicon filmis stable with respect to fluctuations in the |aser
generator. In other words, even if the |laser transm ssion energy fluctuates
slightly, as shown in Figure 11, the ‘energy region for crystallization is
wi de and the crystalline conponents in the mxed-crystallinity film

regul ate the nelt crystallization process. This invention takes advantage
of this principle and achi eves nmarked inprovenent with respect to '

| ot -to-1| ot quctuations. As described, this invention enables silicon and
ot her senlcondFE{ §§I|n13t0 be crystalllzed extrenely reliably by nmeans of
| aser or other ener irradiation. Therefore, LCDs enploying thin film

sem conduct or devices of this invention exhibit uniformhigh picture
quality across the entire screen. Mreover, the thin filmsem conductor
devices of this invention can also easily be used to formnot only sinple
circuits such as shift registers and anal og swi tches but ‘al so nore conpl ex
circuits such as level shifters, digital anal og converter circuits and even
clock generator circuits, gamm correction circuits, and tinng controller
circuits. tEXRERID 6) An active matrix substrate for a color LCD

havi ng 200 (rows}] x 320 (colum ) (colors) = 192, 000 pi xel switching
el ements usipg N thin film ctor devices obtained as descri bed

I/ Exanpl e 57andTi nt egr at ed LA d| |l data drivers (colum drivers) and
s¢anning drivers|(row driver u3|ng thin filmsem conductor devices
obt ai ned as descr|i bed in ) nple 5 was pmMgduced.. Figure 12 i's a circuit

- diagram of a _6-Dbijt digitagk® data driver. Thg digital data driver of this
exanple is c ﬁﬁ ifsed of cIock signal lin nd cl ock generator circuit,
shift register C|rcudiﬁ gates, digital viMdeo signal lines, latch
circuit 1, latch line, latch circuit 2, % eset line 1, AND gates,
reference volta 4% reset line 2, 6-bit c ci tance d|V|S|on EVA
converter, 1.60 WWW

Wy
'J*ﬂ.s,ﬁ*--me.!.«rw:‘f
0.800 |
446100 ~ 480.00 520..00 560 .00 g .
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CMOS anal og swi tches, comon voltage line, dnd a source |ine reset
transistor. The outputs fromthe CMOS anal og switches is connected to the
pi xel source lines. The capacitance of the D/A converter portion satisfies
the relationship CJerr] = (Jerr]/2 = (Jerr]/4 = (Jerr]/8 = (Jerr]/16 =
Clerr]/32. Digital video signals output fromthe video random access nenory
(VRAM) of a conputer can be input directly to the digital video signal
~lines. In the pixel portion of the active matrix substrate described in
this exanpl e, ~t he sour el ectrodes, source interconnects, and drain

el ectrode (pf§e7 feoctrlbde) are conprised of aluminum forning a reflective
LCD. Aliquid crystal panel was produced that enployed an active matrix
substrate achi eved as descri bed for one of the two substrates in

60 the substrate pair. A normally-black node (the display is
bl-ack when a voltage is not being applied to the liquid crystal) reflective
liquid crystal panel was made using a pol yner-di spersed liquid crystal
(PDLC) with dispersed black pignent for the liquid crystal held between the
substrate pair. This liquid crystal panel was connected to external wring
to produce a liquid crystal display. The result was-a liquid crystal

di spl ay device having high display quality: both the on resistance and
transi stor capacitance of the NMOS and PMOS were equal ; noreover, the TFTs
of fered .high performance, while the parasitic capacitance of the

transi stors wassexieenely | ow, and, because the characteristics were

uni formover thefentire substrate, both 6-bithdigital data drivers and
seanning drivers joperated nornmally in a w de erating region. In the pixel
regi on, since.sohel aperture ratio was high, afhlgh display quality liquid
crystal device was achi eved even with a dispgerged black pignment PDLC. In
addi tion, because] the manufacturing process ffon the active matri x substrate
is reliable, liquyd crystal display devicesjfcan be nanufactured reliably

and at | ow cob80 4 M"\MM

Mm#“
~ 2.800 | "
: b Jﬂ,ﬁ-\ﬁ
“V“WMWWWWWMV
1.400 |
0.000 | . ' : . . ' : .
440.00 480 .00 520 .00 560 .00
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This liquid crystal display was installed in:the body of a full-color
portabl e personal conputer (notebook PC). Since the active matrix substrate
was equi pped with integrated 6-bit digital data drivers and since digital

vi deo signals fromthe conputer were input directly to the liquid crystal

di splay device, the circuit configuration was sinplified, while power
consunption was simultaneously reduced to an extremely low |evel. The high
per f or mance 2& tthe liq d crystal thin film sem conductor device gave this
not ebook PC tx@ane attractive di splay screen and nade it a good

el ectronic device. In addition, because this is a reflective |liquid crystal
di splay device with high aperture ratio, a backlight was unnecessary. The
absence of a backlight nmade it possible to decrease the size and wei ght of
the batteries while sinultaneously extending the length of tinme they can be
used. Accordi nghy) rar—extrerety smatT, T1ghi-welght el ectronic deyjice with
a beautiful display screen which has the potential for |ongtine ude was
fabri cat ed. Possjble | ndustrial Applications As stated alove, the

met hod of fabricatiing thin film sem condupt or devices described by this
i nvention enabl es ffhe manufacture of higlfiperformance thin film
sem conduct or devi ges using a | ow tenperature process in which tnegxpensive -
gl ass substrates can be used. Therefore pplying this invention tjo the
manuf acture of actifve matrix |iquid cryst di spl ay devices permtjs
| ar ge-si ze, high-qgality liquid cryst dijspl ay devices to be nanu#actured
easily and reliably. Mreover, when ihvention is applied to the

manuf acture of ot hgr electronlc Cip |gh quality electronic pircuits
can al so b& manuf ag
61
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Addi tional |y, because of their |ow cost and‘high performance, the thin film
sem conductor devices of this._invention are perfectly suited as the active
matri x substrate of an active matrix liquid crystal display device. They
are optimum devices to use as integrated-driver active matrix substrates

whi ch demand particul arly high performance. Their | ow cost and high

performance al so nake the liquid crystal displays of the present invention
optimum for full-color notebook PCs and ot her types of displays.

Finally, because of their |ow cost and high performance, the electronic
devices of this invention wll likely gain w de general acceptance.

Fig. 9
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62 CLAI M5 1 In a fabrication process for a thin film
sem conduct or device having as the active layer of a transistor a

sem conductor film said sem conductor film being formed on top of an
insulating material on the substrate, at |least a portion of which 5 is an
insulating material; ‘a fabrication process of a thin film sem conductor

devi ce characterised by the inclusion of a process in which said

sem conductor filmis deposited by neans of plasma-enhanced chem cal
vapour deposition (PECVD) to a thickness of from approximtely 40nmto
300nm using a chenlcal cie containing constitutive elenents of said
senlconductor HE urce gas and, 10 noreover, using argon (Ar) as
an additi onal gas nd further characterised in that sai d sem conduct or
filmhas at | east two absorption peaks, and that the intensity of said

absorption peak near 2102cnferr] is stronger than the intensity of an
absor ption peak near:2000cn[err].

Cts/Seg X1EO

ATE 5.000 |

4.000 |

I | {" TP.-?J[IM}VWW

TR gl
1.000 |

44000 48000 - 520.00 560 .00
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2 In a fabrication process for a thin filMm-seniconductor device having
as the 15 active layer of a transistor a sem conductor film said

sem conductor fil m being formed on top of an insulating material on the
substrate, at least a portion of which is an insulating material; a
fabrication process of a thin filmsem conductor device characterised

by the inclusion of.a process in which said sem conductor filmis

deposi t ed kf?qe@s. of Jplhsma- enhanced cheni cal vapour deposition (PECVD) 20
using a chem cal” specie containing constitutive elenents of said

sem conduct or filmas the source gas with said source gas concentration
of approximately 6.25% or less, and, noreover, using argon (Ar) -as an
additional. gas, and further characterised in that said sem conductor
filmhas at | east two absorptlon peaks, and that the intensity of said
absorptio (uaaﬁncal 2i02cmferr] 1S stronger than the 25 intéensity of an
absorption peak near 2000cnferr]. -3 In a fabrication|process for a
thin filmsemconductor device having as the active layef of a

transi stor a skem conductor film said sem conductor film being f or med
on top of an |nsulat|ng material @n the substrate, at |east a|portion of

whi ch © is pn insulating materfi a fabrication process off a thin film
semn conductor pevice 30 charactgrisgd by the inclusion of a grocess in

whi ch said senfconductor filmis deposited by ngans of

pl asma- enhanced chem cal vapour fdepost|ti on- ( PECVD) usi ng {a chem cal
specie containjng constitutive glenenty of said sem conduct or filmas
EBe source gastwith a pressurefdn the feaction chanber during
senlconductor [ i | m deposition pf approximately 1.0 Torr or higher; and,
nmoreove®, 5 uki gas an additional gas, and furthgr

charactggised(_n that said sem conductor filmhas at |east] two
absor pt'gon peaks, and that the intensitly of sai d absorptigqn peak near.
2102cni&r] is|{stronger than the intensjty of an absorption peak near
ZOOOCn[m rg. :
. z’ 0 =
&)
e
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B
D
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4 In a fabrication process for a thin filmisem conductor device having
as the 10 active layer of a transistor a sem conductor film said

sem conductor fil m being formed on top of an insulating material on the
substrate, at |east a portion of which Is an insulating material; a
fabrication process of a thin film sem conductor device characterised

by the inclusion of a process in which said sem conductor filmis
deposi ted by aeans of plas enhanced cheni cal vapour deposition (PECVD) 15
using a cheniftall Geci e’cﬁaal ning constitutive el ements of said

sem conduct or filmas the source gas wth an el ectrode separation in
the reaction chanber during sem conductor filmgrowth of approxi mtely
17.8mm or greater, and, noreover, usi ng argon (Ar) as . an additional

gas, and further charact erised in that said .sem conductor filmhas at

| east two absorption peaks, and that the |ntensity of 20 said. absorption
peak near 2102cnfe S stronger than the intensity of an absorption

peak nearCl&Q é Aiahrl catlon proce a thin film

sem conduct or deV| o | i : d Dy
the fa ur &g (3 £ ] 5| t
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8 A fabrication process of a thin filmsenitonductor device as described
in 5 Cdaim2 above characterised by the fact that the pressure
in the reaction chanber ' during deposition of the

af orenenti oned sem conductor filmis not |ess than about

1.0 Torr, and, noreover, the electrode separation distance is not |ess than
about 17. 8mm : 9 A fabrication process
of a thin film sem conductor device as described in ' 10 Caim 2
above characterised by the fact that the deposition rate of the

af orenent i onej:s?m' nduzt?:g filmis not |ess than about 0.15nm sec.

10 A fabric ti|1$;kme s*f a thin filmsem conductor device as described
in Claim 3 above characterised by the fact that the
deposition rate of the af orementi oned sem conductor filmis
not | ess than about 0.15nm sec. 15 11 A fabrication process
of athin film sem conductor device as described in Claim4
above characterised by the fact that the deposition rate of the

af orenenti oned sem conductor filmis t less th about 0. 15nn1 sec.

12 A fabric?ti n process of a tMr1anrnsenico ctor device as described
in Qa Claim5 a ‘ Se fact that the
deposition rate of the em conductor filmis
not | ess than about 0. 15nnljsec. fabrication process

of athin filmsem conductar devwice as described {n Claimé6
above ‘characteri sed BQthe [fact {that the depositipn rate of the
~afibfenent i oned, seni conduckdr filjmis not |ess thah abof#DD15nn sec.

14 A fabrication process jof a 1 ~sanduct o q§3ice as descri bed
in - 25 Cdaim 7 jghove characterised b g tact that the
deposition rate of the af orere ¥Imis not |ess than

about 0.1 5nni seo. 65a
56 —/ \ /, 61 |
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15 A fabrication process of a thin filmsentconductor device as described

in Cl aim 8 above characterised by the fact that the deposition rate of
t he af orenmenti oned sem conductor filmis not |ess than about 0.1
5nm sec. 16 A fabrication process of a thin film sem conduct or

device as described in 5 Cainms 1 to 15 above characterised by the fact
that the aforenentioned sem conductor filmis silicon and the
af orenenti oned source gas is a silane (SiHerr], Si[err]H err],
Si[err]Herr]). 17 In the fabrication process of a thin film
"sem conduct or device having as the active layer of a transistor a
'sem conductor film said semconductor filmbeing 10 forned on an
~insulating nmaterial on the substrate, at |least a part of which is an
insulating materi al ; a fabrication process of a thin film

sem conduct or device which is charactgrised by a first step {n which a
sem conductor filmis deposited by neans §  of pl asma- enhanced ﬁ?nical
vapour deposition (PECVD) using a chenicdm, 5 specie contalnlng
constitutive el epgents of,saig emgonduct & |[fil“m as the sour ggas and
further, using argsan (Ar) a iddi ti onal§ gas; @ se¢emd step
“in which the crystallinity.o§ aid sem co ctoy i Jh.—lgproged and .
wherein said sem condugi et f has at |east two a i q§k<_gand t he
20 intensity of said S0r p n peak near 2102cni er, tgpnger t han the
intensity of an atisp pt peak near 2000cnierr 18 A
fabrication process,Qf:a thi° fli I m sem conduct or deviEgq jas desgritbed in
Cai m 17 above char agt §edgby) the fact that the cofgfedtrati on qf the
aforementi oned sourck gages 5% 1ot nore than about 6.25% '
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19  A:fabrdi cati on process of a thin film seni copd @Friwviidﬁg%---g@sﬁ?%"ﬁ%g’

in Claim 17 a i by the fact t Glais(Pr es paeed fdta paged &7
reaction chanﬂﬂﬂ“ﬂmmtjﬂum i'lon of the af oy €irdtawing@} : yaged.ontbupiged .....
filmis not less * t%hatt aBout 190 Torr. 5 20 | [A Awbadtcatipapedl.orepagedf.... -
a thin fil msem conductor device as desctlbed in Claim 17 above
characterised by the fact that the el ectfdde separ ahrep @g(mprlnwfﬁfb
reaction . . . " : 58

film said seffconffabsicatiompresess o Hein B ssmigondnqtas dextGess mat er i al
on the substrate, at |least a portion of which is an insulating

mat eri al ; described ahrCleam 2h ghaveastmaracterized byfthierfast thatnduct or
device, said fabrication . process being characterised by a fist step in

which a sem conductig¢ depbgitich rate dfes AicténehtiGiied semicdrduseifansed
chem cal vapour deposition (PECVD) using a chem cal specie containing

constitutive el emepy ﬁoeie%s%ﬁgmg?@ﬁése _ filmas the source gas
(Ar it na? g '

and, further, using argon as an a as; a second
step in which,said,sem conductor filmis, exposed to opfical energ

ol oot r omagnet 20 wadelPBRERGIPT PragrSs idh thifh f gemiconugiar demice®

seém conductor filmhas at |east two absorption peaks, and the

intensity of said dbseribeddn Glaim 22 aboveschatastelizéd byitherfget thatin t he
intensity of an absorption peak near 2000cnferr]. 34 A
fabrication procesthetepobition tat softing afsrénnirtional semiesndastori filed i n
G aim 33 above characterised by the fact that the aforenmentioned
sem conduct or is not less than about 0.15 nm/sec.

\-/.

30. A fabrication process of a thin film semiconductor device as
described in Claim 23 above characterized by the fact that
the deposition rat eof the aforementioned semiconductbr film
is not less than about 0.15 nm/sec.

31. A fabrication process of a thin film semiconductor device as
described in Claim 24 above characterized by the fact that
the deposition rate of the aforementioned semiconductor film
is not less than about 0.15 nm/sec.

32. A fabrication process of a thin film semiconductor device as
described in Claims 17 to 31 above characterized by the fact
that the aforementioned semiconductor film is silicon and
the aforementioned source gas is a silance (SiH4, SiaHs,

SizHs).

B. In a fabrication process for a thin film semiconductor device

k;fwing as the active layer of a transistor a semiconductor

'
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15 filmis. siti ; ntioned soURERLAGEMENG SHEETe

(SiHerr], Si[er IB“I I ' JHerr]). 1 I'n a fabdi ¢ation
process for a t:” m Eﬂ Eﬂhuctor devi ce Hayin i 4o filmas
the active |ayer JGil aid silicon flilm ‘é.ﬁﬂgﬁ?%rrred on top of

an I nsul ating material on the substésate, att—east—a——portionf of which
Is an insulating material; 20 a ffabrication procegs of a thin
filmsem conductor _device, sai.d fgbricatjon . DF 0GESS, bel

characterised by tﬁgmi’ ,$@41<i,§pgﬁpon3uctor ﬁimrt?alf‘g,&o#%ﬁ i%f‘?lﬁﬁ?gpocess of a
thin fil msem conductor device as described in Caim?21 above
characterized by timstlating msterial on thehsublstyase,tatoleashacpatiarhef

af orenenti oned sem conductor film is not |ess than about 0.15
nnmsec. 29. A fakHieBlisGh piswlasihgomaaetial;n fil m sem conductor device as
described in Caim22 above characterized by the fact that t he

o Lo 5o PR AR £ S MRl o deicd = 70t 1653
sem conductor devi S&id fabrication process being characterized by a first step in
which a semiconductor film is deposited by means of
plasma-enhanced chemical vapor deposition (PECVD) using
a chemical specie containing constitutive elements of said
semiconductor film as the source gas and, further, using
argon (Ar) as an additional gas; and
a second step in which said semiconductor film is exposed to
optical energy of electromagnetic wave energy irradiation.
34. A fabrication process of a thin film semiconductor dévice as
described in Claim 33 above characterized by the fact that
the aforementioned semiconductor ﬁlm is silicon and the
aforementioned source gas is a silane (SiHs4, SizHe, SizHs).
35. In a fabrication process for a thin film semiconductor device
having a silicon film as the active layer of a transistor, said
silicon film being formed on top of an insulating material on
the substrate, at least a portion of which is an insulating
material;

a fabrication process of a thin film semiconductor device,

said fabrication process being characterized by the inclusion

This.Shc.et Has Been Reraced | THIS SHEET HAS. BEEN
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descri:bed in O aim23 above characterized by the fact that t he
deposition rat eof the aforenenti oned sem conductor film IS not |ess

t han about O. . fabrication process of a thin film

sem conduct or ﬂmmmg““ mﬂ “lllrdescri bed in C aim24 above characterized by
the fact that * ¢ tth8 d&position rate of the aforenentioned

sem conductor film is not less t®3n about 0.15 nmsec. 32. A
fabrication process of a thin film seni conductor device as descri bed
in dainms 17 to 3of abpraceshdnaehinti asilipgn dile isadeposited byiplasmane

af orenenti oned sem conductor filmis silicon and t he af orenenti oned
source gas is a siehtRércdSth¥midalddpor depositiGh[(PEAWDEIgEid silidéh 1 n a

fabrication process for a thin film sem conductor device havi ng as
the active | ayer ' ah@e ' @gﬂ 2 kM S *6
68 film sgiﬁgﬁgé?nﬁggghég%r i#?r)ng |#§IP %?Ir{r%’dorcl)% ntegﬁ 0 2anm

1 (between 2098 cm-! and 2106 cm-!) and the other near

2084 cm™! (between 2080 cm-! and 2088 cm!) and that the
intensity of said absorption peak near 2102 cm-1! is stronger
than the intensity of an absorpﬁon peak near 2000 cm-!
(between 1980 cm! and 202 cm-!) when measured by
infrared absorption spectroscopy.

36. In a fabrication process of a thin film semiconductor device
having a silicon film as the active layer of a transistor, said
silicon film being formed on top of an insulating material on
the substrate, at least a portion of which is an insulating
material;

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by a first step in
which a silicon film is formed, said silicon film having at
least two absorption peaks, one near 2102 cm-! (between
2098 cm'! and 2106 cm-1) and the other near 2084 cm-1
(between 2080 cm-! and 2088 cm-!) and that the intensity of
said absorption peak near 2102 cm-! is stronger than the

intensity of an absorption peak near 2000 cm-! (between
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Insul ating aterial on the substrate, at |east a portion of which is

an insulating nmaterial; a fabrication process of a thin film

semi conduct or de““l““"l"“l”/ﬂlllﬂ'“ fabrication process being characterized
by a first step i sem conductor filmis deposited by nmeans
of pl asma- énhancéd Chehi cal vapor deposi tion (PECVD) using a
chem cal specie containing constitutive W enents of said

sem conductor filmas the source gas and, further, using argon (Ar)
as an additional g&980xm! and 202a¢§é86ﬁhe§tr§9a$ur%bEHnﬁf@Irgdsem conduct or
filmis exposed to optical energy or electronmagnetic wave energy
irradiation. 34. abBsémitiondpeotropeopgss of a thin filmsem conductor

devi ce as described in O aim33 above characterized by the fact that
t he af orementi oned m h!

af orement i oned sou?@grgggg 'S tg% Far‘{gﬁl Sllﬂil‘t [:i fH err con

Siferr]Herr]). 13 fabrlcatlon processfor athlnfllm
sem conduct or devi ]Emls 1m 9r ng a silicon filmas the active |layer of a
transi stor, said sili con filmbeing formed on top of an_ insulating
material on 7. Atfabrigasion precesstof| %&btn ﬁrpoﬁqmmn&quﬂr devics am
I nsul ating

described in Claim 36 above characterized by the fact that

the aforementioned first process is performed by plasma-
enhanced chemical vapor deposition (PECVD).

38. In a fabrication process of a thin film semiconductor device
having a silicon film as the_active layer of a transistor, said
silicon film being formed on top of an insulating material on
the substrate, at least a portion of which is an insulating
material;

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by a first step in
which a silicon film is formed, said silicon film having at
least two absorption peaks, one near 2102 cm-! (between
2098 cm! and 2106 cm-1) and the other near 2084 cm-1
(between 2080 cm-! and 2088 cm-1) and that the intensity of
said absorption peak near 2102 cm-! is stronger than the
intensity of an absorption peak near 2000 cm-! (between

1980 cm-! and 202 cm-!) when measured by infrared

™~

absorption spectroscopy.
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material; . a fabrication process of a thin

said fabrication process being chariacterized by {

69 of a pr ' ' silicon filmi
enhanced cheni cal ﬁmulllmml Im (PECVD), said
at | east two absorption 'pedkss ome near 2102 cni
cnferr] and 2106 cnierr]) and the other Rdar

imeaeat devi ce,
hg inclusion -
5 e uagsse Al asna-
sjlicon ifilmhaving
err] thetwgen 2098

2084 cnjerr] (ibet ween

2080 cnjerr] and 2088 cnferr]) and that the
absor ption peak neanéquczes

intensity of said

tep inswiielysgid silicon filmtgrexpiesedipensity of

an absorption peak near 2000 cnierr] (between 1980 cnferr] and 202

cnferr]) when measwpiitdlyenergy or dletro
a fabrication process of a thin film sem conduct

e@hetpettradiatipn. 36. In
or device havi ng a

silicon film apt hex 8ebiiv&tibAYSTocess 81 b @A P serfi@bfAductor device as

described in Claim 38 above characterized by the fact that

the aforementioned first process is performed by plasma-

enhanced chemical vapor deposition (PECVD).

40. In a fabrication process of a thin film semiconductor device

having as the active layer of a transistor a semiconductor

film, said semiconductor film being formed on top of an

insulating material on the substrate, at least a portion of

which is an insulating material;

a fabrication process of a thin film semiconductor device,

said fabrication process being characterized by a first step in

which a semiconductor film having both amorphous and

crystalline components, said amorphous component having

a columnar structure, is deposited; and

a second step in which the crystallinity of said columnar

structure semiconductor film is improved.

41. A fabrication method of a thin film semiconductor device as

described in Claim 40 characterized by the fact that the

aforementioned semiconductor film is a silicon film.

42. In a fabrication process of a thin film semiconductor device

having as the active layer of a transistor a semiconductor



silicon filmbeing forned on top of an insul ati fy
substrate, at least a portion of which is an in§¥

a fabrication pro | m sem conduc . i sai
fabrication pr oceﬂmmm"u“mmum rized by a figs éﬁi@ﬁﬂiﬁm@% it which a
silicon filmis,fornetl, sai"d Sili"'con filphaving @t | easf 1 wo
absorption peaks, one near 2102 cnferr] [(P t weep 2098 cnlefr] and
2106 cnjerr]) and the other near 2084 c . (bet ween 208D cnjerr]
and 2088 crnierr]) dHanutsaid serBIGoRdLEPE fi @rﬁemg lformed andePRIAN on peak
near 2102 cnierr] is stronger than the i ntensity of an absorption
peak near 2000 cni dnstil4tingweeaterial on the substrate, at least a portion of 70
1980 cnjerr] and 202 cnmerr]) when neasured by infrared absorption

spectroscopy. whithlisfafgneithisheRnhferidll ch the crystallinity of said
silicon

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by a first step in
which a semiconductor film having both amorphous and
crystalline components, said amorphous component having
a columnar structure, is deposited; and

a second step in which said columnar structure
semiconductor filim is exposed to optical energy or
electromagnetic wave energy irradiation.

43. A fabricatioln method of a thin film semiconductor device as
described in Claim 42 characterized by the fact that the
aforementioned semiconductor film is a silicon film.

44. In a fabrication process of a thin film semiconductor device
having as the active layer of a transistor a semiconductor
film, said semiconductor film being formed on top of an’
insulating material on the substrate, at least a portion of
which is an insulating material;

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by a first step in
which a semiconductor film having both amorphous and

crystalline components, said amorphous component having



filmis inproved. 37. A fabrication process of a thin film sem conductor
devi ce as described 1n daim36 above characterized by the fact that

the aforenenti one perfor med by pl asna- enhanced
chem cal vapor I“ﬂ F“mmal In a fabrication process of a thin
filmsem conduct or dewice M s aV| ng %]3? licon filmas the active |ayer

of a transistor, said silicon fil eing forned on top of an

i nsul ati ng material on t he ubstrate at | east a portion of which is
an insul ating @J&Jerenaalstmcture iy Fﬁmlﬁ%tbb’dﬁleﬁ%&fﬁaﬁmaa thin film
sem conduct or devi ce, said fabrication process being characterized
by a first step in enhancedAbheinieaJsvapmodepd)&iﬁnhs(PEﬂWE@t,andi d silicon film
havi ng at | east two absorption peaks, one near 2102 cnjerr] (between
2098 cnferr] and 21DGe&dHi@istd uwh{ehemet staRRity? 8B daitSlininar

(between 2080 cnierr] and 2088 cnferr] that the intensity of

Thtencity of an Qﬁisﬁrﬁﬁﬁ%rﬁz%éwﬁ%ﬁi&bﬁaﬁmsiﬁ%?ﬁfJV L veen 1980

cnferr] and 202 cnierr when nmeasured by .i nfrared
" ] 5. n{A fa 1210at10n process 09 ei'nn film semiconductor device as

- described in Claim 44 characterized by the fact that the
aforementioned semiconductor film is a silicon film.

46. In a fabrication process of a thin film semiconductor device
having as the active layer of a transistor a semiconductor
film, said semiconductor film being formed on top of an
insulating material on the substrate, at least a portion of
which is an insulating material;

a fabrication process of a thin film semiconductc;r device,
said fabrication process being characterized by a first step in
which a semiconductor film having both amorphous and
crystalline components, said amorphous component having
a columnar structure, is deposited by means of plasma-
enhanced chemical vapor deposition (PECVD); and

a second step in which said columnar structure

semiconductor film is exposed to optical energy or

electromagnetic wave energy irradiation.
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absor pti on specttoscopy- | CEMENT SHRELY 71

and a second step |d SI|ICOn fllmigﬁm ; E opti cal
energy or el ectrormiu gy irradiatlign. 39, .&.fabrication
process of a thin r device ag ! @‘?ﬂgéﬁqb d%i n Caim38

above characteriized by the fact that t Re jaf hi r st
process is perforned by pl asna- ehftancdd cheni cal vapor deposition
Uct or devi ce

(PECVD). 40. 1n a fabrication proce
havi ng as t he et i Vb fABRERTIOR BIOCFSHS 3¢ in Jilk A EBRPRRRGIOr dewice o, | m
sai d sem conductor filmbeing formed on top of an I nsul ati ng
mat eri al on the sulddscathed ot Clains d6acharadtorized by the factithah the an
i nsulating material; a fabrication process of athin-film
sem conductor devi c&&oremenuon%al Serhadofridiadtbe Filid RELSFliduH filinghar act eri zed
by a first step in whi ch a sem conductor film having both anorphous
and 48. In a fabrication process of a thin film semiconductor device
having as the active layer of a transistor a semiconductor
film, said semiconductor film having mixed crystallinity and
being formed on top of an insulating material on the
. substrate, at least a portion of which is an insulating
\—

material;

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by the pfesence
of argon (Ar) in the reaction chamber during the growth of
said semiconductor film.

49. A fabrication procéss of a thin film semiconductor device as
described in Claim 48 characterized by the fact that the
aforementioned semiconductor film is a silicon film.

50. In a fabrication process of a thin film semiconductor device
having as the active layer of a transistor a semiconductor
film, said semiconductor film being formed on top of an
insulating material on the substrate, at least a portion of
which is an insulating material;

a fabrication process of a thin film semiconductor device,

said fabrication process being characterized by the inclusion

This Sheet Has Been Re laced | THIS SHEET HAS BEEN
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crystal.line. conponents, said anorphous conponent having Ay
structure, is deposited; and a second step in which the

crystallinity of 's g ' structure seni condudtdr #ig pESER9

i nproved. 41. A a\ ‘“m "m““"mblof a thin filmsem canductor device gs:
described in daim characterszed by the fact that the

af orenenti oned semi conductor filmis a sfPicon film 42. §n a fabrication
process of a thin film sen conductor_device, havi ng as the active

| ayer of a transi sofa prasssscsegintwhich a mixed-crystallinity

74 47 A fabrication process of a thin filmsem conductor device as

described in Clsehiicédaesafilraris stpdsjtedhioy haedns bfipldsmaaf or enenti oned
sem conductor filmis a silicon film 48 In a fabrication

process of a thin fe | SROAUCHI Va g VA oSS h | PEEV D] Bisinky afédn Ve | ayer
of a transistor a sem con uctor?(fcaltll %ﬁd)gai%?osem cgnduct oir] fir;r:gm ﬁéé(%/i ng

m xed crystalli nit)( a)nd bec'?irﬁgﬁforrresd on top of an insulating material on

t he substrat e, %f 25 8’8&81 on of which is an insulating material;

a fabrication process of a_thin film sem ¢conductor device, said fabrication
1. A fabrication process of a thin film semiconductor device as

—

described in Claim 50 characterized by the fact that the
aforementioned semiconductor film is a silicon film.

52. In a fabrication process of a thin film semiconductor device
having as the active layer of a transistor a semiconductor
film, said semiconductor film being formed on top of an
insulating material on the substrate, at least a portion of
which is an insulating material;

a fabrication process of a thin film semiconductor device,
said fabrication process being characterized by a first step in
which a mixed-crystallinity semiconductor film is deposited
in an argon (Ar)-containing atmosphere; and

a second step in which said mixed-crystallinity
semiconductor film is crystallized.

53. A fabrication process of a thin film semiconductor device as
described in Claim 52 characterized by the fact that
crystallization proceeds by way of a brief molten state during

the aforementioned second process step.
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process being characterised by the presence of arf

o oot d atrali
e A DT, et
EE_;,E.,- CPReren
¢ 4 4%
)

10 chanber durimg the growth of said sem conduct'fi

characterised in conduct or fil mihd
absorption peaks H“l“m"mr“mﬂw intensity of sei' d a%é%?” |on pelaki near

2102cnferr] is stronger tham the 1intensity of an § | absorptio | near
2000cnferr]. ' A fabrication pro‘&7 s of a hlnfllmsem jct or
devi ce as descri bed in 15 C aim48 character| sed e—faCct t hat the

af or enent i oned®@%enif Grlrieadeonpnogess of a thingsemicond qt?ﬂ‘ deviceay) |n a
fabrication process of a thin filmsem conductor device having as the
active layer of a tdemesibeidbin €laiemi5otu68tcharbickenizexhby therfacotbatt or fil m
bei ng formed on top of an insuTatTng material on the substrate, at

| east a portion of tpi &f@r@x@len‘tﬁnﬁa‘a s&pidHdstordif i9h silicon film. A
fabrication process of a thin filmsem conductor device, said fabrication

T xea- oryat AL |y rcs R aahanenon orePia lndief SEERCEIGuRIpeRaE 1 @

pl asma- enhanced chem cal, vapaqur dep03|t|on (,PECVD) using _argon (Ar) as
a dilution gas, and@¥ngas Hs achye Javer oka drapsistpn a ssmiceRfEMidcut or
filmhas at | east two absorption peaks, and that the intensity of said

absorption peak nediln?1$#dgemidonductor filmebeing fortad ohdoprofarsi ty of an
absorption peak near 2000cnferr].

[ 51 A f 3hsitadihg nBfeiidlSen he 3ubsitratel et £ posch@T device as
described in Cl ai m 50 char acterl sed by the fact that the

af orenent i oned Semxﬁﬁ{&ﬂ’%%ﬁ&%{l ?nate dalSI l'icon fl | m _ 52 In a
n

faRrication process o Bm condutt or device haV| ng as the 5
active layer of a tr?r}%‘_l stor a sem co? tor.fil .sai onductor film
q

bei ng formed chigRFicaon Progess 9 infilg semigandyetan dere, e, at

| east a portion of which
said fabrication process being characterized by a first step in

which a semiconductor film in a mixed-crystallinity state is
deposited under an argon-containing atmosphere; and

a second step in which said semiconductor film in a mixed-
crystallinity state is exposed to optical energy or
electromagnetic wave energy irradiation.

56. A fabrication process of a thin film semiconductor device as
described in Claim _§_5‘ | characterized by the fact that the
semiconductor film is brieﬂy in a molten state during the
aforementioned second process step.

57. A fabrication process of a thin film semiconductor device as
described in Claims 55 to 56 characterized by the fact that

-

the aforementioned semiconductor film is a silicon film.
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I s an i.nsul ati ng—nateri-al; . a fabri cat Rhﬂippgk@gégﬁ :11 hin film
e

sem conduct or device, said f ocdsd being characfeli sed by

abrication pr
a first step in M!I! “ﬂ luﬂﬂ &mtt allinity 10 derfi cqurggRapsd i fnyis
deposited in an am r i ng at nospher e; a §e¢ond step

in which said m xed-crystallinity sem co,gguctor flii I'rrs ¢rystdllised;
and ' wherein said sem conduct filmbhas at | east two.aldsorption
peaks, and the i ntensiy of said absorptiq €aK .near 2102¢cnferr] is
stronger thanthe IRtARHGAEPN Rrogess 9g§d1%¢¥i‘ﬁﬂpﬁ%%° s ©rr].

53 A fabrication process of a thin filmsem conductor device as descri bed

in d ai m 52 clmving asi thedadhive heyerafta treatsistorst semisendaetoyr oceeds by
way of a brief nolten state during the aforenmentioned second process
st ep. 54  AffiabrdLdtdepnicBhdertsr SimabdihisTosmiddcondepiofiarfievi ce as

described in Claims 26 52 to 53 characterised by the fact that the

af orenenti oned sem. t. £ i L LC | : 5 In a
fabrication pr oces§ﬁ§ﬁ%ﬁég%A@%O?e%%gﬁggﬁ%?’ g%/e}cdcsg%geﬁ%n gg t he
active layer of a transistor a semnconductor film said sem conductor film
bei ng formed o sAn ipsplatingmatgriddi erial on the substrate, at

| east a portion of which 25 1is an insulating materi al;

76 a feafabiricatiom prooesssof afthin fllimsémicondudtosdayicer devi ce,
said fabrication process being characterised by a first step in which

a sem conductor fi lgiid #aBrication"preRess Meshdichiaprhéteridedt by asfitiepeptiad under
an argon-contai ni ng at nosphere;

o which a mixed-crystallinity semiconductor film is deposited
= by means of plasma-enhanced chemical vapor deposition
(PECVD) using argon (Ar) as a dilution gas; and
a second step in which said mixed-crystallinity
semiconductor film is crystallized.

59. A fabrication process of a-thin film semiconductor device as
described in Claim 58 characterized by the fact that the
semiconductor film is_ briefly in é molten state during the
aforementioned second process step.

60. A fabrication process of a thin film semiconductor device as
described in Claims 58 to 59 characterized by the fact that
the aforementioned semiconductor film is a silicon film.

61. In a fabrication process of a thin film semiconductor device

having as the active layer of a transistor a semiconductor

film, said semiconductor film being formed on top of an

- i | THIS SHEET HAS BEEN
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pOLILALLMGN ofnnd |
a second step conductor filmin ‘;’nxed crystallfinity

state 5 is expo ergy or el ectromagnget iqg oggerigy
irradi ati on; and ElIl'“ !lﬂ]‘l“ e| n sai d senm conduct or f:algweltas dt |l east
t wo absorptlon p “the intensity o Ea'r'd—a'b'swpn”nn peak

near 2102cnferr] is stronger than the |§tr§n5|ty of an absorptiornf peak
near 2000cnferr]. A fabricati process of a thin tilm

sem conduct or device %s descrl bed in 10 Cl.ai.m 55 c cterised b t he fact
that the sem conduSdHatingfnatenial en, qu‘téstrate,,% %M@O&R, ng the

af orenenti oned second process step. 57 A fabr| cation process of a
thin fil msen condwhich islan inswdatingsoaidrial;i n Clains 55 to 56
characterised by the fact that the aforenmenti oned sem conduct or filmis
a silicon film 15 faBBcatibh prdc%héldfai iR PReGRssicehdactsy defickm

sem conductor device having as th e active |layer of a transi stor a

sem conduct or f|| r op of an
i nsul ati ng rraterl at(illhe su ‘?éé%rb%ﬁ]lgg& ffd&er&ﬁd fbﬁ érﬁg\s/\ﬁgtelt?ﬂl is an
insulating naterial ; brication pro of, a,thin
sem conduct or devi PRICh & lantfaftwawﬁwwe%ee@é@% D isiienbsted sed by
first step in which a mxed-crystallinity sem conductor filmis
deposi ted by neansbyfmpans ef plasmacenhaneed chiemigpbuapor depasities t i on
(PECVD) using argon (Ar) as a dilution gas; a second step in
whi ch said m xed- c(BECWD)iudihy aeohqarpasteodiltition gss; and crystal lised; and
25 wherein said sem conductor filmhas at |east two absorption
peaks, and the a second step in which said columnar structure o

U

semiconductor film in a mixed-crystallinity state is exposed
to optical energy or electromagnetic wave energy irradiation.

62. A fabrication process _lof a thin film semiconductor device as
described in Claim 61 characterized by the fact that the
semiconductor film is briefly in a molten state during the
aforementioned second process step.

63. A fabrication process of a thin film semiconductor device as
described in Claims 61 to 62 characterized by the fact that
the aforementioned semiconductor film is a silicon film.

64. In a fabrication process of a liquid crystal display device
which holds liquid crystal between two substrates, one of
which incorporates a thin film semiconductor device
consisting of a semiconductor film formed on top of an
insulating material of the substrate, at least a portion of the

\_
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intensity of said absorption peak near 21 02cnierr] is {strofger=tiharmr=the
I ntensity of an absor ption peak near 2000cnferr].

fabrication proqmmml“imr““" m sem conduct or device é @g%’@é%%g i
Cl ai m 58 charact t that the sem conductor bt s prief | y
ina 5 molten sttaté& dbrifig fhe" aforenmentjoned second process step. :60
A fabrication process of a thin filmsem (,90nductor devrce*a's—'d'es-cr*r*b‘erd N
Clains 58 to 59 characterised by the fact, that the .aforenpentjoned

seni conduct or FSUmHR ?%Oﬁ“éhlpﬁd&?ﬁf mwaﬂngm@ien sand #a1 j cat i on
process of a thin film sem conductor device having as the 10 active |ayer
of a transistor a ssmivomdhudtor film servimg dssthe activtilayer ofid thamsistor;
formed on top of an insulating material on the substrate, at |east a

portion of which g m&ndafadtlsig %}i‘d&sﬁﬁifﬁ lighid cr¥sta1 dlsplayQiév@&S i cation

process of a thin filmsem conductor device, said Tabricati on process
bei ng characterise 5

sem conductor film %&ﬁg&iﬁﬁf% %g&r?é%nﬂs@éé% asnaquzn%an ed a?‘ vapour
deposition (PECVD) u %(g)n di luti OnEﬁtff)’ a second
step in which said ¥ i YIIHF?HSé’f

m xed-crystallinity state is exposed t(_) optical energy or electronagnetic
wave ener gy ir rpldsma-enhanogd cgemical vaportdepsisitioni(RECARDusihgt or

filmhas at |east two absorption peaks, and the intensity of said
absorption peak neaghethitilrg ids e6nEiih ebnéﬁﬁﬁtﬁrél@lerﬂémmtyaﬁf an
absorption peak near 2000cnferr A fabrication process of a

thin filmsem Cond@rﬁ{co‘;ﬁiﬁcaﬁr?ﬁnfjﬁ%Uu?@géhlggt? Ia)l;ld glafézgg@ F‘Fﬁ{ cterised

by the fact that the sem conductor frimis 'n a state

h f or n n n
durng the af or ementj onch 930 oBEERE 348Pand

a second step in which the crystallinity of said
semiconductor film is improved.

65. In the manufacturing process of an electronic device having
a liquid crystal display device which holds liquid crystal
between two substrates, one of which incorporates a thin
film semiconductor device consisting of a semiconductor film
formed on top of an insulating material of the substrate, at
least a portion of the surface of which is an insulating
material and said semiconductor film serving as the active
layer of a transistor;

A manufacturing process of a liquid crystal display device,
said manufacturing process being characterized by a first
step in which a semiconductor film is deposited by means of

plasma-enhanced chemical vapor deposition (PECVD) using

This. Sheet Has Been Rerlac

HIIIIll MU




78 63 - Afabrication process of a thin filmsem conductor device as
described in ~Clains 61 to 62 characterised by the fact that the

af orenenti oned senj I'I'_misasiliconfilm 64 In a
fabrication pr oceSHIMHWIIt“HUIIHIH llsit al display device which holds liquid 5
crystal between two*substrattes’ ohe of \r/]\fg ch incorporates a thin film

seni conduct or devi ce consistingof a se (ponductor filmfornmed on top of an

insulating material .of the substrate, .at |east . .a portjon of the ,urface of
which is an i nstiCIiGR] SRECIR SPRtAIRINE SPRSUBHIYIRIRERIS ¢ Paifser vi ng as
the active layer of a transi stor; a manufacturing process of a liquid
crystal display dewasicoswiuttoo filfimas isource gapes ansls merenyechusg eri sed by
a first step in which a sen conduct or filmis deposited by neans of

pl asma- enhanced chedfgedl (mmﬁn@qmﬁbﬁbpgas; and PECVD) usi ng chem cal

speci es containing constitutive elenents of said sem conductor film as

source gases and, , Is 0 : ditional gas; 15
a second step in vmngl')(%ﬁe‘;ﬁﬁ&e Sé?ésl{igfﬁc% ?}é §#})Sst§§gﬁ er?lf(%%uct or filmis

i nproved; and . a/\/ngcrei sai d sem conductor filmhas at |east two
absor ption peaks, atftd™M4pBAUCOr IRTLIRIRDTHHCSai d absor ption peak near
2102cnferr] is _stronger than the intensity of an absor pti on peak near
2000cnferr]. 6@ 6 aprecese fomdepositing aghin Sbmsen dppof acsubstrale c devi ce
having a liquid crystal di spl ay device which holds liquid crystal

bet ween two subst r dbe neane od bladihakenhancéd chepsical esper d8positionm

sem conduct or devi ce consisting of a sem conductor film formed on top

of an insul ating rmﬁ;gm@b of the substrate, at |east a portion of the
sunface of which is an | ng’ul ating material and said sem conductor film

orocess of aliqui o pyER FedrinfrlBRREss Hargoterized oy o SPAIAr ocess
bei ng characterised by a first step in which a, sem conductor filmis
deposi ted by neans Bhigh assubuinatmhiscsetcmeaireartion shamber;

a secbnd step, performed after loading of said substrate, and

consisting of the introduction of gases into said reaction

chamber, said gases having a higher thermal conductivity

than gases introduced into said reaction chamber at the time

of deposition; and a first preheating of said substrate;

a third step consisting of a second preheating of said

substrate, all conditions of deposition being the same as the

deposition process, with the exception of the generation of

plasma; and

a fourth step in which deposition of a thin film is then

attempted.
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79 » deposition (PECVD) using chem cal

el ement s of

Sal d sen1conductor fil mas source gase“rgé

uagp Qﬁ'“uhén

speci es contai ni ng COﬂStItUtIVE

using argon (Ar). a aI gas: a)
whi ch the crystall "yli/“m‘“ | conduct or filmis §5] inproved; arj
M uc d

e

wherein said sem co as at st two absorpty o P 1999N t?‘ue
intensity of said absorption peak near 2ch[ err] is jstf onger an t

i ntensity of absor ti on peak near 2 QOC err] g
process for dBasi IR RgPEO4ass or.demmga 65 fod.of a5t €of 10

pl asma- enhanced chem cal vapour deposition (PECVD) a thrm=film
deposi tion process byhaeanseriglasnareahainced (zha;'plqah vapiot idepositiomubst r at e
is set in a reaction chanber; a second step, perforned after

| oadi ng of said sufEECH; and consi st ng of the introduction of gases
into said reaction chanber, said gases having a higher 15 thermal
conductivity than it.]%]? %E,aéﬂﬁri\. t| e
of deposition; andgg&] llﬁrﬂsl?"E gﬁgﬁ% 3}8? &éé’gagﬁé ra St Q{eﬁﬁ?

third step consistir]% r% g Fré"? squbstrate al |
condi ti ons of depo¥ff rf"ﬁH‘ RS S oﬁ’e 8M3%n process, with the

exception of the generation of plasng;

a fourth step in which

deposi tion of a tharsddond step, mﬂfm@ﬂ@ loading of said substrateyrand sai d
sem conductor filmhas at |east two absorption peaks, and the

consisting of the maintenance of said reaction chamber at a
pressure higher than that at the time of deposition; and a
first preheating of said substréte;

a third step consisting of a second preheating of said
substrate, all conditions of deposition being the same as the
deposition process, with the exceptibn of the generation of
plasma; and

a fourth step in which deposition of a thin film is then

attempted.

68. In a process for depositing a thin film on top of a substrate

by means of plasma-enhanced chemical vapor deposition
(PECVD);

a thin film deposition process characterized by a first step in
which a substrate is set in a reaction chamber;

a second step, performed after loading of said substrate, and
consisting of the introduction of gases into said reaction

chamber, said gases having a higher thermal conductivity
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intensity:of*said absorption peak near 2102cnferr] is stronger than the
intensity of an - absor ption peak near 2000cnierr]. 67 In a

process for deposifjf i i on top of a substrate by neans of 25
pl asma- enhanced chﬂ"lmamll H ” m
80 [ ¥

H osition (PECVD), _
a thine fid mrdeposstion prgrp,.ess characterised by a firs

step in which a substrate is set in a feaction chanber; a
second step, perforned after Jadin f sai d. substrat and cansi st.i ng of
Uhe mai ntehance of SBAR Basks oG & toipald TRAction chamne ak Vs iR at
the 5 time of deposition; and a first preheating of said substrate,

a third step consi stofdigpesiioneabadyessusehighenthanithat abshe dine o] |
conditions of deposition being the sanme a the deposition process, with the
exception of the gentpisitdonpangl st preheating of sail sabstdatet ep i n which

deposition of a thin filmis then attenpted; and 10 wherein said

sem conductor film haghid 4188 Hords{&iAd 3P aPid M P EAKSe tﬁﬁg FR8id intensity
of said absorption pegﬁl nearﬁ21 0201 rr]a%s strgngerat r? tﬁle intensity of
an absorption peak near 2000cnf.err]. 6 In a process fo

eposi ting a thin | RSt BLoRAans oL depesiiop ping e Satt as'the

pl asma- enhanced chem cal vapour deposition (PECVD); 15 athinfilm
deposi ti on process denositienipregess, withi tha exeagtiom ofthe generation @hst r at e
is set in a reaction chanber; : a second step, perforned after

| oadi ng of said subgilastm; sardl consi sting of

a fourth step in which deposition of a thin film is then
"
attempted.
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the jntroduction of, gases into said reaction ch anbeTREPanEMENSSHEEa’Si ng',é{"
hi gher t her mal  CoORUEEdwipt: Ngiq% -gases i nt | quupegribtithC: Saakdl.. [ GRpbl.an...
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chamber at the time 20REP Lkt a presy X rt gdlvfrr paleal 458,

time of deposition; and grft75T r gheatgang %gﬁgﬂbs Je84 S, ‘EP*‘;“" .

a third step consistinp bf opgkspriehieat ing pfosal’q stbstyidte i
beﬁgxﬁhgﬁga s the _dgﬁoglti“ n p’r%¥8§§';'?vmp%'dt'ﬁé

L3 53

conditions of depositipn _
, 5 a fourth step i Whigh
deposition of CAAIMS f{Imis then attenp}ed; .ang__RATE OF RECEIPT ..\fjoerprty

exception of the generat

sai d sem conductor fil mtas—at—T€ast two absorption peaks, and the
intensity of said absorption peak near 21 O2cnierr] is stronger than the
intensity of 4n abdpapiabgcatiemiprocass oeothin dim]semiconductor device having as the

ng' conductC gregj “?%ls efg'lé ac@gﬂé{%glaggﬂ&?%%@ t .r%ﬂre'h§§lq'\e‘gesrgrﬁicgﬁdag"i°g.ﬁlml being

formed on top of an insulating material on the substrate, at least a portion of which
5 isan insulating material; a fabrication process of a thin film semiconductor device

characterised by the inclusion of a process in which said semiconductor film is

depasited by means of plé_sma—enhanced chemical vapour deposition (PECVD) to
a thickness of from approximately 40nm to 300nm using a chemical specie
- containing constitutive elements of said semiconductor film as the source gas and,
| - 10 moreover, using argon (Ar) as an additional gas, and further characterised jn that

8 A

said semiconductor film has at least two absorption peaks, and that the intensity =

of said absorption peak near 2102cm” is stronger than the intensity of an
absorption peak near 2000cm™.

2 In a fabrication process for a thin film semiconductor device having as the
16 active layer of a transistor a semiconductor film, said semiconductor film being
formed on top of an insulating material on the substrate, at least a portion of which
is an insulating material; a fabrication process of & thin film semiconductor device
characteriéed by the inclusion of a process in which said semiconductor film is
deposited by means of plasma-enhanced chemical vapour deposition (PECVD)
20 using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with said source gas conceniration of approximately 6.25%
or less, and, moreover, using argon (Ar) as an additional gas, and further

characterised in that said semiconductor film has at least two _absorption peaks,

and that the intensity of said absarption peak near 2102em is stronger than the

25 intensity of an absorption peak near 2000cm™.

3 In a fabrication process for a thin film semiconductor device having as the
active layer of a transistor a semiconductor film, said semiconductor film being
formed on top of an insulating material on the éubstrate,_ at least a portion of which

~ is an insulating material; a fabrication process of a thin film semiconductor device
80 characterised by the inclusion of a process in which said semiconductor film is

. *®* € L MK s =



argon (Ar) as an additional gas; and a sece.—rﬁ .-‘cM‘H eh-the

crystallinity of said sem conduct or fil m i SatriavedN: in a
process for ‘depositing a thin filmon top of a su s'rate —y {nmeans of
pl asma- enhanced chem cal vapor deposition 64 P fa jt hin
filmdeposition process characterized by a fi rst ijch a
substrate is set in a reaction chanber; r med

ot e SiShe L b RaHE S pESrsehano=ELH g
ther mal - condugéjnyi ehemical spéis HARRIIG E6RSIIGS bRt &f sAACsdiRondyctor

chanber at the positi o and a first preheating of sai
substrate; film as the rsbm‘cepgaSnwiﬂ;lt mgpresswesenothb preaictiani chambesaddring

dopost o1 o ren BN RLASEREN ohSapeedBalslt sF TP e, . poregyer
and 52 fSHG! ﬁrgﬁir?QAt)naWW *hdiﬁlii&fdltgé&} &hd FuHRbP dhavaetefisédSA that said
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semiconductor film has at least two absorpiion peaks, and that the intensity of
said absorption peak near 2102em™ is stronger than the intensity of an absorption
peak near 2000cm’".

4 In a fabrication process for a thin film semiconductor device having as the

10 active layer of a transistor a semiconductor film, said semiconductor film being
formed on top of an insulating material on the substrate, at least a portidn of which
is an insulating material; a fabrication process of a thin film semiconductor device
characterised b;} the inclusion of a process in which said semiconductor film is
deposited by means of plasma-enhanced chemical vapour deposition (PECVD)

16 using a chemical specie containing constitutive elements of said semiconductor
film as the source gas with an electrode separation in the reaction chamber during
semiconductor film growth of approximately 17.8mm or greater, and, moreover,
using argon (Ar) as an additional gas, and further characlerised in that said
semiconductor film has at least two absorption peaks, and that the intensity of

20 said absorption peak near 2102cm™ is stronger than the intensity of an absorption
peak near 2000cm™.

5 A fabrication process of a thin film semiconductor deviq'e as described in
Claim 2 above characterised by the fact that the pressure of the reaction chamber
during deposition of the aforementioned thin film s not less than about 1.0 Torr.

25 6 A fabrication process of a thin film semiconductor device as described in
Claim 2 above characterised by the fact that the electrode separation distance in
the reaction chamber during deposition of the aforementioned thin film is not less
than about 17.8Bmm.

7 A fabrication process of a thin film semiconductor device as described in

* [ L M H *
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81 67/. ILn a process for depositing a thin filmon top of a substrate

by means of pl asnma-enhanced chem cal vapor deposition (PECVD) ;

a thin filmdeposition process characterized by a fi

whi ch a substrate is set in a reaction charrtBB ’mlmwu““u“muml
performed after |oading of said substrate, and *COMsi 5t ihg of

mai nt enance of said reaction chanber at a pressure hi gher than that

o A R iy o B RS s Bt

al | condi ti onshetredetivrschambeP duffigdaposiion mhbfﬁorementioﬁ&o% tfllrgris not less

process, with the exception of the generation of pl asng,;
a fourth stepthan abPBh1d&m®ition of a thin filmis then att enpt ed.

8 A fabrication process of a thin film semiconductor device as described in

5 Claim2 above charactetised by the fact that the'pressure in the reaction chamber

during deposition of the aforementioned semiconductor film s not less than about

" 1,0 Torr, and, moreover, the electrode separation distance is not less than abouyt
17.8mm.

9 A fabrication process of a thin film semiconductor device as described in
10 Claim 2 above characterised by the fact that the deposition rate of the
aforementioned semiconductor film is not less than about 0.15nm/sec.

10 A fabrication process of a thin film semiconductor device as described in
Claim 3 above characterised by the fact that the deposition rate of the
aforsmentioned semiconductor film is not less than about 0.15nm/sec.

15 11 A fabrication process of a thin film semiconductor device as described in
Claim 4 above characterised by the fact that the deposition rate of the
aforementioned semiconductor film is not less than about 0.15nm/sec.

) 12 A fabrication process of a thin film semiconductor device as described in
Claim 5 above characterised by the fact that the deposition rate of the
20 aforementioned semiconductor film is not less than about 0.15nm/sec.

13 A fabrication process of a thin film semiconductor device as described in
Claim 6 above characterised by the fact that the deposition rate of the
aforementioned semiconductor film is not less than about 0.15nm/sec. -

14 A fabrication process of a thin film semiconductor device as described in
256 Claim 7 above characterised by the fact that the deposition rate of the

5REPL ACEMENT S@grphnentioned semiconductor film is not less than about 0,15nm/sec.
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68. ,n a, process for depositing a thin filmon top ef—a—substrate =

by means of pl asnma-enhanced chem cal vapor deposition

a thin filmdeposition process characterized by a fi r ,' wmi""u"uu",
which a substrate is set in a reaction chantg8a
performed after |oading of said substrate, and con5| st i r{'g St t'he

I ntroduction of gases into said reaction . chanber, said gases having

a hi gher ther condct vi.t o .82 . tha
Gases  ntroductl | nfotEReRUPY RIpRESS f anHup fiip SIcePRcIon deyisg,as destibed in
a pressure hi gb‘i‘ém-i henaboed éﬁarhﬁfér{sbgeb?f thélerfsi i a%’”theartfbp%sftidrﬁtrate of the
preheating of said substrate; a third step consisting of a secon

preheating of afdrementionedsemicanductontiim isonat less ﬂ'anngmut&ﬂmlam he sane
as the deposition process, with the exception of the generation of

16 A fabrication process-of a thin film semiconductor device as described in

5 Claims 1 to 15 above characterised by the fact that the aforementioned
semicanductor film is silicon and the aforementioned source gas is a silane (SiHg4,
ShHe, SigHa). |

17 In the fabrication process of a thin film semiconductor device having as the
active layer of a transistor a semiconductor fiim, said semiconductor film being

10 formed on an insulating material on the substrate, at least a part of which is an
insulating material; |

a fabrication process of a thin film semiconductor device which is
characterised by a first step in which a semjeonductor film is deposited by means
of plasma-enhanced chemical vapour deposition (PECVD) using a chemical

15 specie containing constitutive elements of said semiconductor film as the source
gas and further, using argon (Ar) as an additional gas; '

a second step in which the crystallinity of said semiconductor film is
) improved; and

wherein said semiconductor film has at least two absotption peaks, and the
20 intensity of sald absorption peak near 2102cm™ is sironger than the intensity of an
absorption peak near 2000cm™*.

18 A fabrication process of a thin film semiconductor device as described in
Claim 17 above characterised by the fact that the concentration of the
aforementioned source gases is not more than about 6.25%.
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pl asma; and a fourth step in which deposition of a thin filmis then

att enpt ed.

e (T MO

19 A fabrication process of a'thin film semiconductor device as described in
Claim 17 above characterised by the fact that the pressure in the reaction
chamber during deposition of the aforementioned semiconductor film is not less
than about 1.0 Torr.

50 A fabrication process of a thin film semiconductor device as described in
Claim 17 above characterised by the fact that the slectrode separation distance in
the reaction
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film, said semiconductor film being formed on top of an insulating material on the
substrate, at least a portion of which is an insulating material;

a fabrication process of a thin film semiconductor device, said fabrication
process being charactensad by a fist step in which a semlconductor film is

dspositsd by means of plasma-enhanced chemical vapour depasition (PECVD)

using a chemical specie containing constitutive slements of said semiconductor
film as the source gas and, further, using argon (Ar) as an additional gas;

a second step in which sajd semiconductor film is exposed to optical energy
or electromagnetic wave energy irradiation; and

wherein said semiconductor film has at least two absorption peaks, and the
intensity of said absorption peak near 2102cm™ is stronger than the intensity of an

absorption peak near 2000em’™.

34 A fabrication process of a thin film semiconductor device as described in _
Claim 33 above characterised by the fact that the aforementioned semiconductor
film Is silicon and the aforementioned source gas is a silane (SiHs, SizHs, SiaHg).

86  In a fabrication process for a thin film semiconductor device having a silicon
film as the active layer of a transistor, said silicon film being formed on top of an
insulating material on the substrate, at least a portion of which is an insulating
material;

a fabrication process of a thin film semiconductor device, said fabrication
process being characterised by the inclusion.
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