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TRANSI STOR AND METHOD OF FABRI CATI NG SAME TECHNI CAL FI ELD 5 present
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display devices, organic EL devices, and the like as the switching element or

the like, and a method of fabricating such a thin film transistor.

10 BACKGROUND ART
A hydrogenated amorphous silicon thin film (hereinafter referred to as
a-Si‘H thin film) has been put to practical use as a pixel switching transistor
for liquid crystal displays, as an optical sensor serving as an image sensor
for facsimile machines, as a solar cell used as a battery for calculators, and
15 the like. The biggest advantage of this a-Si:H thin film is that the film can
be fabricated stably on a large-area substrate with good reproducibility at a
process temperature of only about 300°C. However, with an increase in
pixel density in liquid crystal displays and image sensors, silicon
semiconductor thin films compatible with a faster drive have been
20 demanded. Conventional transistors using an a-Si‘H thin film had a
mobility of 1.0 cm?/V-sec at most, and thus did not have sufficient
performance to satisfy the demand. Thus, in order to improve mobility,
development of techniques for crystallizing a-Si‘H thin films has been

pursued. Methods for the crystallization include, for example, the
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25 following techniques.



25 follow ng techniques. 2 1) Depositing a thin filmon a substrate by

pl asma enhanced CVD, using a source gas in which hydrogen or SiF4 is m xed
in silane gas, and then crystallizing the thin film 2) Using an a-Si thin
filmas a precursor, attenpting to crystallize the 5 a-Si thinfilm O

t hese techni ques, the crystallization nethod described in the technique 2)
i ncl udes, for exanple, a solid phase gr3wth technique, in which heat
treatnment is perforned at about 600C for an extended period of tinme, and
an excimer |aser annealing technique. 10 Wth, in particular, the latter
exci mer | aser annealing technique, a polycrystalline silicon thin film

wi th hi gh nobi L) Beposittteg enthiv fidimcpn hasubbtrate hyc ptawialdnhasisedi G¥D,

wi thout the need to actively increase the substrate tenperature. This fact
i s descri badingnadeuacd gaban whiniphgdrigen 6ESH Eieaixed iDesilaee gest and, 7
(1986), pp. 276-278 and | EEE Transactions 15 on El ectron Devices, 42

(1995), ppthéaﬁarygwizngetheath'ﬁﬁmm_ t he above-described a-Si:H thin filmor
polycrystalline silicon thin filmis used, as the switching transistor, in

the pixel portppuspfe an 4-Bothih AlMSdah presiseY, atéemPingUior @9ttdllzé €Reli r ed
which is sufficient gt'o wite signals applied to the TFT to the liquid
crystal (I rohiXMgihi N a given tinme 20 period, and in addition a reduction
of Ie?kagegésjrt%ue%@l?h an OFF state is required. Further, in a built-in
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technique 2) includes, for example, a solid phase growth technique, in which
heat treatment is performed at about 600°C for an extended period of time,
and an excimer laser annealing technique.

10 With, in particular, the latter excimer laser annealing technique, a
polycrystalline silicon thin film with high mobility (>100 cm?W-sec) has
been successfully obtained without the need to actively increase the
substrate temperature. This fact is described in detail, for example, in
IEEE Electron Device Letters, 7 (1986), pp. 276—-278 and IEEE Transactions

15 on Electron Devices, 42 (1995), pp. 251-257.

When a TFT of the above-described a-Si‘H thin film or polycrystalline
silicon thin film is used, as the switching transistor, in the pixel portion of a
liquid crystal display, an ON current is required which is sufficient to write
signals applied to the TFT to the liquid crystal (layer) within a given time

20 period, and in addition a reduction of leakage current in an OFF state is
required. Further, in a built-in type liquid crystal display having a drive
circuit provided on the periphery of the substrate, when a TFT of the
polycrystalline silicon thin film is used in the drive circuit, the performance

and reliability of each TFT need to be sufficiently assured as a circuit

25 element.



polycrystalline silicon thin filmis used in the drive circuit, the
performance and reliability of each TFT need to be sufficiently assured as
acircuit 25 elenment. 3 In order to satisfy these requirenents, for
example, in a TFT having an a-Si:Hthin film the source region and the
drain region are doped with inpurities so as to reduce |eakage current. In
addition, in a TFT having a polycrystaBline silicon thin film an offset
structure or an LDD structure is 5 enployed so as to maintain the
performance and reliability of the TFT, and at the sane tinme, to reduce
so-cal l ed | eakage current in an OFF state. (Note that the term "offset
structure" ref &nsorder tp satisfgthese requiraraentsp forgpamaple, i paklel beyineannpl e,
0.5 pm) is provided between the channel portion (which is |ocated

i mredi at el p-$eHothinhBligatthe escvute adgionn andetheadeaior regipppargadeped peitho TFT)
and each of the source and drain regions of the sem conductor, and that
the term " ubPusitidscsoaineto redwresleaakiage surreritur &n jad dvtior hinba {fEk havieg a
channel portion (which is located i medi ately bel ow the gate el ectrode) and

each of t hgoBruystalland siliconnthirdilansawbffsbiestratinensush dLDD stepttgeriegi on
Is provided in which inpurities with a | ower concentration than those of
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exanple, liquid crystal displays would be for |ow cost and imge quality
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i mge qual ity _ . For satisfying such emands, very fine
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extrenely spld (¢lF LxBEE00E6 530 IPPFSARE BRE &S AN bRinh AW which
is located immediately below the gate electrode in the case of a top-gate type
10 TFT) and each of the source and drain regions of the semiconductor, and
that the term “LDD structure” refers to a structure in which between the
channel portion (which is located immediately below the gate electrode) and
each of the source and drain regions of the semiconductor a doping region is
provided in which impurities with a lower concentration than those of the
15 source and drain regions are diffused.)

Future demands in, for example, liquid crystal displays would be for
low cost and image quality (for example, a display grade having a resolution
such as that of photo image quality), and the like. For satisfying such
demands, very fine pixels and fast operation of an in-built drive circuit are,

20 of course, required in liquid crystal displays, and technically, fabrication of
an extremely small TFT becomes an important and essential technique.

If an extremely small TFT is realized, it is possible in, for example, a
TFT used in the pixel portion (hereinafter referred to as TFT for a pixel) to

further increase the aperture ratio of the pixel, reduce the capacity level of

25 parasitic capacity, improve image quality, and increase driving speed. In



If an extrenely small TFT is realized, it is possible in, for exanple, a
TFT used in the pixel portion (hereinafter referred to as TFT for a pixel)
to further increase the aperture ratio of the pixel, reduce the capacity
level of 25 parasitic capacity, inprove inage quality, and increase driving
speed. In 4 addition, in a TFT used in an in-built drive circuit
(hereinafter referred to as TFT for a drive circuit), the capacity |evel
of parasitic capacity is reduced, achieving an even faster drive. Note,
however, that fabrication of an extrenely small TFT is 5 acconpani ed by

ot her problenms to overconme. One of the problens in view _ of the TFT for a
pi xel is tladdition,iis sEF8swsedyintan mybudsdrivequeait(herginadter veferredtoas an
OFF state of about 10-12 A, which is conventionally obtained, by one digit
or nore toTHRfweatdreverirghithethe cifacityclevel phparasipt gapaoity inaedpestbl . | f
this problemis not overcone, even if an extrenely small TFT 10 reduces an
area per piagklevaiglan evenifagter dapaci ty portion for storing an electric
charge of signals, it beconmes difficult to realize a bright display

Wi t hout causi nioge,l dbiedvean thatafabtication avf oan | extaddidly osmadls TBT tike
foregoing problens in view of the TFT for a drive circuit, in enploying the
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15 such as fine processing accuracy and alignnment accuracy for
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structure and the LDD structure require stablé characteristics and al so
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more conplic causing an increase in costs. reover, "a IFI for a

pi xel or ab;l;Fo-lr-lef girgitaopMo\{'g £6' eQtbd tHE %q'igi}ﬂ:nkéﬁm_fference in the plane of the

panel. If this problem is not overcome, even if an extremely small TFT

10 reduces an area per pixel and a storage capacity portion for storing an
electric charge of signals, it becomes difficult to realize a bright display
without causing a reduction in aperture ratio. In addition, as for the
foregoing problems in view of the TFT for a drive circuit, in employing the
above-described offset structure or LDD structure, factors in fabrication

15 such as fine processing accuracy and alignment accuracy for
photolithography become critical limitations. Further, since the offset
structure and the LDD structure require stable characteristics and also
require the structure to be self-aligned, the fabrication process becomes
more complicated, causing an increase in costs.

20 Moreover, a TFT for a pixel or a TFT for a drive circuit used in liquid
crystal displays, a display and image-input integrated panel, an optical
sensor serving as an image sensor used in facsimile machines, a solar cell
used as a battery for calculators, or the like is expected to be developed,
with use of a flexible substrate (made of plastic or the like), to a ultra-thin

25 flexible input and output panel capable of connecting to an electronic paper



crystal displays, a display and image-input integrated panel, an opti cal
sensor serving as an i mage sensor used in facsimle machines, a solar cel
used as a battery for calculators, or the like is expected to be devel oped,
with use of a flexible substrate (nade of plastic or the like), to a
ultra-thin 25 flexible input and out put panel capable of connecting to an
el ectronic paper 5 and a network (Interhet). Thus, such a flexible
substrate also requires techniques for fabricating a thin filmtransistor,
an optical sensor, a solar cell, and the like with excellent
characteristics at | ow cost. However, provision of TFTs and _the like on the
flexibl e sabdtaametwaskr Ggtemned).t Bmas,gsich aoflexibbe isubstuade calse avgriresmal |
TFTs on the flexible substrate and inprovenent in reliability. In

addi tion, bebaugeed fer fadbaidabing asthbstfilan drassistotean optical season, esselaance
to, for exanple, a glass substrate, the fabrication process tenperature

needs to beell et itk likd e cly ekcellehtwhdeactenisticsit labcostat i on cost, the
nunber of fabrication steps needs to be reduced. 10 To sunmari ze the above,

conventional THbsvevay.eppsvibloansf dBETE i it thbelikey. orf itheAfloikbé | adiseshte
fabrication process and an increase in costs resulting fromthe

fabrigati OPe(ﬁIir(?t?r(tté&{fﬁhMe§ T8} |faﬂ_ﬁI§tin$i extrémeBAYEIAIPTHETS b8l ilabiflekible of

TFTs resultihg omthe fabrication o 15 extrenmely small TFTs. (iii) A
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made so as Sltlﬁ)stgg%ri%q{{?er&&‘eh‘; Réael:g@siﬁance to, for example, a glass substrate, the
fabrication process temperature needs to be reduced. Moreover, in order to
cut fabrication cost, the number of fabrication steps needs to be reduced.
10 To summarize the above, conventional TFTs have problems described
below.
() A complicated fabrication process and an increase in costs resulting
from the fabrication of extremely small TFTs.
(1) A reduction in reliability of TFTs resulting from the fabrication of
15 extremely small TFTs.

(iii) A high process temperature upon formation of TFTs on a flexible

substrate or the like.

DISCLOSURE OF THE INVENTION
20 The present invention has been made so as to overcome the foregoing
and other problems. An object of the present invention is to reduce the
fabrication process temperature and the number of fabrication steps, while

inhibiting degradation in device performance.

25 (Methods of fabricating a thin film)



and ot her problens. An object of the present invention is to reduce the
fabrication process tenperature and the nunber of fabrication steps, while
i nhi biting degradation in device performance. 25 (Methods of fabricating a
thin film 6 (1) In order to overcone the foregoing problens, there is
provided a nethod of fabricating a thin filmaccording to the present

i nvention conprising: formng a thin f6lmon a substrate, the thin film
with film properties varying fromregion to region on the substrate being
formed by 5 selectively heating the substrate; and patterning the thin film
in a predetermned pattern by etching the thin filmto selectively renove
only a portiofil)on phdext ko everdomenrithé foyrgoing eaoblems, phepeis ineevidgdt & t he
above-descri bed nethod, a reduction in process tenperature and a reduction
i n processimeghed eps fabricaiihgeuethinTHdm i accordingoton thye prebémt inPerfiom
according to the above-described nethod, the entire surface of the
substrate tgmpaisidieafoethifgta ahiy flnpasd io8ubftrate theoshimtfdnnevels sflmy f or
film formation is selectively heated. Thus, a significant increase in

substrate pigRaedvalrfinEafrobe regionert fdkion @RUEH O gubdttatyy beRgsforardehpt ur e.
In addition, the reason for selectively heating the substrate is to cause

15 a %e”pegahmelgi Hehtifgt itH?rQHbétIE&te?UQﬁHrBE&e?HfJga%e kRifOhRY §P.athe

tenperature conditions vary omregion to region on the substrate, and
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the With the above-described method, a reduction in process temperature

and a reduction in processing steps are achieved. That is, in forming a thin

10 film according to the above-described method, the entire surface of the

substrate is not heated but only a portion of the substrate necessary for film

formation is selectively heated. Thus, a significant increase in substrate
temperature can be prevented, reducing the process temperature.

In addition, the reason for selectively heating the substrate is to cause

15 a temperature distribution on the substrate surface. In doing so, the

temperature conditions vary from region to region on the substrate, and

consequently a thin film with film properties varying from region to region

is formed on the substrate. For example, when there are formed, on the

substrate, a region with a high temperature and a region with a low

20 temperature by selectively heating the substrate, it is possible to vary the

film properties between a portion corresponding to the region with a high

temperature and a portion corresponding to the region with a low

temperature. Here, the variation in film properties appears as differences

in the etching rate upon etching of the thin film. Specifically, in the

25 comparison of the etching rate between the portion corresponding to the



filmproperties between a portion corresponding to the region with a high
tenperature and a portion corresponding to the region with a | ow
tenperature. Here, the variation in filmproperties appears as differences
In the etching rate upon etching of the thin film Specifically, in the 25
conparison of the etching rate between the portion corresponding to the 7
region Wth a high tenperature and the forti on corresponding to the region
with a |low tenperature, the former has a | ower etching rate. Therefore,
even if the etching of the thin filmis perfornmed under the sane
conditions, only the portion corresponding to the region with a | ow

t enper at ur eegisn5vish| abighy/tangperatpye and Hbpawrtign corrspgndng Hethe region
above-descri bed nethod, a thin filmwith a predeterm ned pattern can be
formed wit hath aukiwmdemperstare, sl foineephasesdower stdpagstath. afherefore,

phot ol i t hography conventionally required can be reduced. (2) In addition,
i n order tevéyef fietchiveg 60 tleg chingfilin ab lperfornidden vdéisthel Saypemondétdozs)ot her
nmet hod of fabricating a thin filmaccording to the present invention

conpri si ngonHeRRE! ;sdrmnagél!ié%nfﬂdiﬁvgom thé Wegionatwith thdowhitempetaturddsng
deposited only in a specified region by selectively heating the substrate

to vary a | &1yOF fraphéLoaQBrdidg E9itR8 Shbviehdeseribel! Ale€hodV Ah the
above-%escg(fq%g%b%t {Forg,é{’gds ismtlhé casle vvigth the nethod (1), in 1% form ng

a thin fil E@iﬁtﬁ!ﬁn%ﬁ LSredb{dhfind p%lor rgitb:aﬁm@fo%niea Wiholie Akl Rtadi)l y 2

portion of e Substrate necessary mformation 1s selectively

heat ed, andthus re ti ' I . re | ' Agaf or
thin 111 m BeRcBEpRebSHE S WP a3 3o R AREARhY | Bnl S B6IMY dhquied
t echni ques su%h ag CV(P filmdeposition needs to be perforned

can pe redauceq.

(2) In addition, in order to overcome the foregoing problems, there is
10 provided another method of fabricating a thin film according to the present
invention comprising: depositing a thin film on a substrate, the thin film
being deposited only in a specified region by selectively heating the
substrate to vary a deposition rate from region to region on the substrate.
With the above-described method, as is the case with the method (1), in
15 forming a thin film, the entire surface of the substrate is not heated but only
a portion of the substrate necessary for film formation is selectively heated,
and thus a reduction in process temperature is achieved.
As for thin film deposition, in the case, for example, of employing
chemical techniques such as CVD, film deposition needs to be performed
20 with the substrate surface having been set to a temperature equal to or
above a given temperature. For this reason, a region of the substrate not
reaching the above-described temperature cannot obtain a deposition rate
required for deposition on the substrate. Thus, when the substrate is
selectively heated in the manner described in the above-described method,

25 only a region on the substrate having been heated obtains a deposition rate



20 with the substrate surface having been set to a tenperature equal to or
above a given tenperature. For this reason, a region of the substrate not
reachi ng the above-described tenperature cannot obtain a deposition rate
required for deposition on the substrate. Thus, when the substrate is
selectively heated in the manner described in the above-described nethod,
25 only a region on the substrate havin§ been heated obtains a deposition
rate 8 required for filmformation, and therefore a thin filmcan be

depgsi ted onljy such a region. Consequently, a thin filmwth a

predeterm ned pattern can be fornmed w thout performng a Lithogra ste
convent i onz¢quiredden fikn foymatiopaendrthiergfore @hﬁhnfﬁ%mrfagkhec‘llﬁeﬂ%lﬁ%dr%q%educgs
the nunber of 5 fabrication steps, resulting in a reduction in costs. In

t he above- sdds ariegimh. ne€drdguenilyaadhirefilmtwidhsaupredeierxmimad pattereicart i vel y
heated by form ng, on the substrate, an energy absorber or an energy

absor ber wht Hoamed edetheuti peetorpaiices nithagoashb seep eohVentiopaly iraguireder gy
to the energy absorber to rel ease heat fromthe energy absorber. 10 Here,

the ener gywiponhiterneh@rs tlinadileh, swistlanie furat raiacsdsheheumber arfer gy,
el ectromagnetic energy, or the like and then rel eases such energy in the

form gf hePébl‘idﬂﬁ&hﬁreFQ,r&sulﬂﬁ@gﬁﬂﬁrﬁﬂuﬂﬁh{nli’ﬁ‘cbéﬂ@.arted by irradiating an
el ectromagnetic wave to the energy absorber. An exanple of the 15

el ectromagnet i Ién \(f@)\ée abB¢d-HEESiBd D MhethBs €QY Eind | (2) ! g BRMDYEraA6 ShIyDBE

met hods (1) an the substrate nmay be selectively heated by form ng,

o 1 S Aty SR b e SRS Y Sobbd b or an
energy absorber with a predetermined pattern, and subsequently imparting
energy to the energy absorber to release heat from the energy absorber.

10 Here, the energy absorber refers to as a substance that absorbs thermal
energy, electromagnetic energy, or the like and then releases such energy in
the form of heat.

Furthermore, the energy may be imparted by irradiating an
electromagnetic wave to the energy absorber. An example of the

15 electromagnetic wave includes light.

Moreover, in the above-described methods (1) and (2), the substrate
may be selectively heated by forming, on the substrate, a conductive film or
a conductive film with a predetermined pattern, and subsequently passing
an electric current through the conductive film to release heat from the

20 conductive film.

TIn addition, it is preferable that the substrate be selectively heated
intermittently. When the substrate is heated continuously for a certain
period of time, the temperature difference between a region with a high
temperature and a region with a low temperature on the substrate surface

25 is made small, making it impossible to make a clear difference between the



an electric current through the conductive filmto rel ease heat fromthe

20 conductive film In addition, it is preferable that the substrate be
selectively heated intermittently. Wen the substrate is heated
continuously for a certain period of time, the tenperature difference
between a region with a high tenperature and a region with a | ow
tenperature on the substrate surface 259 s nmade snmall, making it inpossible
to make a clear difference between the 9 two different regions. On the

ot her hand, when the substrate is heated intermttently, because of the
characteristics of the energy absorber that rel eases absorbed energy as
heat, the twopdifferent rdgioher efre thetothen hamd, when dhefsarbsteatedgi beatedan be
made clearly. Thus, it is possible to clearly 5 vary the filmproperties of
a thin fil inteendietehtlymbdcausd bf thabdtaratieristubt @i thegnargie sbsexbepathtadr n,
whil e preventing the formati on of an abnormal pattern. Furthernore, in the

step of fokgledSed ABsébed éndrgyasseBedi Nthel eriperatakodéfeience ibeewesktthed (1)
and in the step of depositing the thin film 10 according to the

above- descCijBediffBEROdedidhs dah bé MhGE VAP Thesmkay féBiblEUot desslyi N the
above-descri bed nethod (1), anmong the CVD t'echniques, it is nore

pref erabl e Loy qgmllgx?lg@@r@g%ghame@hﬁf%ln{ X5t hodgrmbkdf aR" iHeAkhpstratd, hi n

filmtransistor er to overcone the foregol ng problens, there

i s provide : ofl, of f | ' S d I ' to
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metal thin f'tlrﬁ wWth a predeterm ned pattern; formng an insulating |ayer
n

on the net P
Furthermore, in the step of forming the thin film according to the

above-described method (1) and in the step of depositing the thin film
10 according to the above-described method (2), it is preferable to employ CVD.
Further, in the above-described method (1), among the CVD techniques, it is

more preferable to employ plasma enhanced CVD.

(Methods of fabricating a thin film transistor)

15 (1) In order to overcome the foregoing problems, there is provided a
method of fabricating a thin film transistor according to the present
invention comprising: forming, on an insulating substrate, a metal thin film
with a predetermined pattern; forming an insulating layer on the metal thin
film; forming a semiconductor thin film on the insulating layer, the

20 semiconductor thin film with film properties varying between a region above
and in the vicinity of the metal thin film and other regions being formed by
imparting energy to the metal thin film to release the energy as heat from
the metal thin film so that the insulating layer is selectively heated; and
patterning the semiconductor thin film in a predetermined pattern by

25 etching the semiconductor thin film to selectively remove the other regions.



film formng a sem conductor thin filmon the insulating |ayer, the 20
sem conductor thin filmwth filmproperties varying between a regi on above
and in the vicinity of the netal thin filmand other regions being fornmed
by inparting energy to the netal thin filmto release the energy as heat
from the netal thin filmso that the insulating |ayer is selectively

heat ed; and patterning the sem conductld thin filmin a predeterm ned
pattern by 25 etching the sem conductor thin filmto selectively renove the
ot her regions. 10 Wth the above-descri bed nethod, when formng a

sem conductor thin film only ortion of the i nsul ating subst rate
necessary for Wlthntherabavemscnlbegm@bpdvmh@nh@aﬁéﬂg aapemicendugtos §unf i cant
increase in substrate tenperature can be prevented, reducing the process

t enper at ur &ilm5 oftbnagution| of, thietinisal adirsp splostsats petessaxyr frdilniformation
transistor, for exanple, on a flexible substrate. In addition, with the
above- descig b&dedtbidlpd heatek Man@ndihaisora t bighifiéan tm inickdndel lim pudperdtees
varying fromregion to region can be formed, and thus even if etching is

perforned pidpérdilite SagR aNdptéinged ONtethis®ethé i gatoddbspoteinhPeragare. be
sel ectively renoved. Consequently, a sem conductor thin filmwth a

predetser m @%H?@@Lrérﬁl P ifdahe ﬁd%rsﬂﬁg tHIHAAY thS1 AlindrARSKtor, F6NbRN PR, 2

reduction in i cation costs. (2) Furthernore, in order to overcone the
foregoi ng prabh&ABIe difkfatks Provided another nethod of fabricating a thin
filmtransistor according to 15 the present invention conprising: formng,

on an insul ati Er?asd{ﬁtsl a‘inqth ‘%h %tﬂd s'Eflfb'H \@{}B(Pda psreglql Bﬁ&ﬂlﬂa?dth?ﬁttern

formng an ins i'ng ayer epOSI ting a
sem conduchj)r ; rHlnfifrll1lpr{'logertles varying from region to region can be formed, and

thus even 1f etching is performed under the same conditions, only a specified
10 portion can be selectively removed. Consequently, a semiconductor thin
film with a predetermined pattern can be formed without using a mask,
achieving a reduction in fabrication costs.
(2) Furthermore, in order to overcome the foregoing problems, there is
provided another method of fabricating a thin film transistor according to
15 the present invention comprising: forming, on an insulating substrate, a
metal thin film with a predetermined pattern; forming an insulating layer
on the metal thin film; and depositing a semiconductor thin film on the
insulating layer, the semiconductor thin film being deposited only in a
specified region by imparting energy to the metal thin film to release the
20 energy as heat from the metal thin film so that the insulating layer is
selectively heated, thereby varying a deposition rate from region to region
on the insulating layer.
With the above-described method, as is the case with the method (1), in
forming a semiconductor thin film, the entire surface of the insulating

25 substrate is not heated but only a portion of the substrate necessary for film



insulating |ayer, the sem conductor thin film being deposited only in a
specified region by inparting energy to the netal thin filmto rel ease the
20 energy as heat fromthe netal thin filmso that the insulating |ayer is
selectively heated, thereby varying a deposition rate fromregion to region
on the insulating layer. Wth the above-descri bed nethod, as is the case
with the nethod (1), in formng a semdonductor thin film the entire
surface of the insulating 25 substrate is not heated but only a portion of
t he substrate necessary for film21l formation is selectively heated, and
thus a reduction in process tenperature is achieved. In addition, in the
above- descfarbetioreishedectivady hehbed,iarg thasg # ngdegtiathin propegs deMREraiiket r at e
allows to vary deposition conditions fromregion to 5 region on the

i nsul ati ngissadlseved.e. Consequently, a sem conductor thin filmcan be
deposited only in a desired region, and thus a sem conductor thin film

with a predet elfradditiatihahe dhaveltestabo@avholipthie peeitiverhogtiag of the
| it hography step conventionally required. Thus, the nunber of fabrication

steps i s rguGeAne QBtidtR0allowd toePusy | RpokRicHOThiditidhs! frdmeregion to
above-descri bed rr%t hods (l)aand (S), tﬂ?\e@?r)gt a1 thin filmmy ngve as a

gate gl ect {6%28‘[1 Odn %h%%sﬁﬁaﬂ%%@%t?ﬂd (RndEQhdh P, €5 LdeDtiBon dictdf Cbhin ON,
| may be

the insul atithg | ayer selectively heated by “‘irradiating an

el ectr Omgﬂﬁﬁ} gan\’\@%edepz%{téiinz%}hl?ﬁixﬁ Qedgé?%g)‘egﬂ)ﬁ,e bhg MRi4h sdnlicBndtdtdyt O

rel ease heat fromthe Ilm Int above-descri bed nethods
(1) 2 W R T B, bS5 b iciPh"
lithography step conventionally required. Thus, the number of fabrication
steps is reduced, resulting in a reduction in costs.
10 In the above-described methods (1) and (2), the metal thin film may
serve as a gate electrode or a source electrode and a drain electrode.

In addition, the insulating layer may be selectively heated by
irradiating an electromagnetic wave, serving as the energy, to the metal
thin film to release heat from the metal thin film.

15 In the above-described methods (1) and (2), the insulating layer may be
selectively heated by passing an electric current through the metal thin film
to release heat from the metal thin film.

Further, in the above-described methods (1) and (2), it is preferable
that the energy be imparted to the metal thin film intermittently. When

20 the substrate is heated continuously for a certain period of time, the
temperature difference between a region with a high temperature and a
region with a low temperature on the substrate surface is made small,
making it impossible to make a clear difference between the two different

regions. On the other hand, when the substrate is heated intermittently,

25 the temperature difference between the two different regions can be made



to rel ease heat fromthe netal thin film Further, in the above-descri bed
met hods (1) and (2), it is preferable that the energy be inparted to the
nmetal thin filmintermttently. Wien 20 the substrate is heated
continuously for a certain period of tinme, the tenperature difference
between a region with a high tenperature and a region with a | ow
tenperature on the substrate surface isl2mde small, meking it inpossible
to make a clear difference between the two different regions. On the other
hand, when the substrate is heated intermttently, 25 the tenperature

di fference between the two different regions can be made 12 clearly, and
accor di ngl ylearlyj sndoxsonlinglyitcis quskiple s gleanky vatynthe Gharmiopertags of a

sem conductor thin filmto be formed on the substrate. Consequently, a
pattern of sémicondnictnthint fimt ti bef formedbomi theds@isteateet €hinsgquemtlpeamade
distinctly. 5 In the above-described nethods (1) and (2), in the step of

form ng t hgattehh pffthergemicohdugtoeithimifilm dotatned aftet\diching ¢hrebe madag t he
CVD techniques, it is nore preferable to enploy plasna enhanced CVD.

Mor eover , H{gtf&ﬁyabove-descri bed nmethods (1) and (2), after the step of
depositing the sém conductor thin film the sem conductor thin filmmay be

10 crystallize thg_a%ggge%&ibém&heag%ge'aﬁs (@ﬁxnbﬁwo@c@@ﬁdemf%nmg&ﬁ@d of

t he heat treat nmen reover, I n or r to overcone or egol ng

heat et ” (3) Nor eover o he |
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on an i nsu{e%h'nri] esslf ?ts fo @bt pfaeferable to employ plasma enhanced CVD.

Moreover, in the above-described methods (1) and (2), after the step of
depositing the semiconductor thin film, the semiconductor thin film may be
10 crystallized.
In addition, laser annealing may be performed instead of the heat
treatment.
(3) Moreover, in order to overcome the foregoing problems, there is
provided still another method of fabricating a thin film transistor according
15 to the present invention comprising: forming, on an insulating substrate, a
metal thin film with a predetermined pattern; forming a first semiconductor
thin film on the insulating substrate with the insulating substrate being
selectively heated by imparting energy to the metal thin film to release the
energy as heat from the metal thin film, the first semiconductor thin film
20 having film properties varying between a portion covering the metal thin
film and other portions; patterning the first semiconductor thin film by
etching the first semiconductor thin film to selectively remove only the other
portions, thereby covering only the metal thin film; forming, on the
insulating substrate having the first semiconductor thin film thereon, a

25 second semiconductor thin film with a higher melting point than the first



metal thin filmwth a predeterm ned pattern; formng a first sem conductor
thin filmon the insulating substrate with the insulating substrate being
selectively heated by inparting energy to the nmetal thin filmto rel ease
the energy as heat fromthe netal thin film the first sem conductor thin
film20 having filmproperties varying between a portion covering the netal
thin filmand other portions; patterniliyy the first sem conductor thin film
by etching the first sem conductor thin filmto selectively renove only
the other portions, thereby covering only the metal thin film formng, on
the insulating substrate having the first sem conductor thin filmthereon,
a 25 secondemésingbretuctlom fibing #id erysitaHizangithkesecantlt semgicondnetorhdnnt he
first 13 sem conductor thin film and crystallizing the second

seni conducfibim bii lmeatf tlestingnheritht thea firsnsemidcdn duiceorf thist fidemnhas grdwthor
thin filmas gromh nucleus. (4) In order to overcone the foregoing

probl ens, thelemsi s provided yet 5 another nethod of fabricating a thin
filmtransistor according to the present invention conprising: formng, on

an insulating s)bsf bl t@o@‘k@hetﬁﬂﬂenfofré%dfhg\ﬁhbble@n@rt‘h@?é ¢§ prodidenatdter n;
depositing a first sem conductor thin filmso as to cover the netal thin

film £he BhBﬁ{?Sxﬁ&}P&H‘S‘f;%%t? c_a?;ilf'l;gﬁ ?Tl]ixihb”i’iﬂﬁit%si;&%?%&éx%’ng% Yhopré@mtand

side surfaces of the net I N y Itnmparting 10 energy to the netal
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deposited only on top and side surfaces of the metal thin film, by imparting
10 energy to the metal thin film to release the energy as heat from the metal
thin film so that a deposition rate varies between a region in the vicinity of
the metal thin film and other regions; forming, on the insulating substrate
having the first semiconductor thin film thereon, a second semiconductor
thin film with a higher melting point than the first semiconductor thin film;
15 and crystallizing the second semiconductor thin film by heat treatment with
the first semiconductor thin film as growth nucleus.

(5) In order to overcome the foregoing problems, there is provided
another method of fabricating a thin film transistor according to the present
invention comprising: forming, on an insulating substrate, a metal thin film

20 with a predetermined pattern; forming an insulating layer on the insulating
substrate having the metal thin film thereon; forming a first semiconductor
thin film on the insulating layer, the first semiconductor thin film with film
properties varying from region to region on the insulating layer being
formed by imparting energy to the metal thin film to release the energy as

25 heat from the metal thin film so that the insulating layer is selectively



15 and crystallizing the second sem conductor thin filmby heat treatnent
wth the first sem conductor thin filmas growth nucleus. (5) In order to
overconme the foregoing problens, there is provided another nethod of
fabricating a thin filmtransistor according to the present invention
conprising: formng, on an insulating substrate, a netal thin film20 with
a predeterm ned pattern; formng an insh4 ating | ayer on the insulating
substrate having the netal thin filmthereon; formng a first sem conductor
thin filmon the insulating layer, the first sem conductor thin filmwth
film properties varying fromregion to region on the insulating |ayer

bei ng f or hedtedy patpeminggthenfrsty semitdralusber ithirhifdnf jihna trredeterasaedhe
energy as 25 heat fromthe netal thin filmso that the insulating |ayer is
sel ecti vel paftérindat etthipgttherfiistgsenfieoh dustior stin dilnd wot seledthiety frelmoven a
predeterm ned pattern by etching the first sem conductor thin filmto

sel ecti vel ynlyenpyertion! of aheofitdtoBeicondactdrr $hirs dilne onithc kpecifibd nfifrnl m
with specified film properties; formng, on the insulating substrate

havi ng thepidq]&hé SR RARIUBHOT tHei Thehllhfihkes#@Patd SeRaRE SBeEi ceRduct or
thin filmwt hi gher mel ting point than"the first sem conductor thin

film sand <GhihAkid! fHin' Qi SRELAH, o2 et AHUEh A orddlicod tAIR Almfeah 2

treatfent W |rs senm con mas growh nucleus. (6) In

order to oyencoms fgﬂe § OB5AF! R AHeCFrct! NEGRChEAREY! IRk Shih! ah

anot her ing a fi transi's according to

presern, T o RS SR P B A, oL
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(6) In order to overcome the foregoing problems, there is provided still
10 another method of fabricating a thin film transistor according to _the present
invention comprising: forming, on an insulating substrate, a metal thin film
with a predetermined pattern; forming an insulating layer on the insulating
substrate having the metal thin film thereon; depositing a first semiconductor
thin film on the insulating layer, the first semiconductor thin film being
15 deposited only in a specified region by imparting energy to the metal thin
film to release the energy as heat from the metal thin film so that the
insulating layer is selectively heated, thereby varying a deposition rate from
region to region on the insulating layer; forming, on the insulating substrate
having the first semiconductor thin film thereon, a second semiconductor
20 thin film with a higher melting point than the first semiconductor thin film;
and crystallizing the second semiconductor thin film by heat treatment with
the first semiconductor thin film as growth nucleus.
In the above-described methods (3) to (6), the metal thin film may

serve as a gate electrode or a source electrode and a drain electrode.

25 Specifically, when the metal thin film serves as the gate electrode, in the



thin filmon the insulating layer, the first sem conductor thin film being
15 deposited only in a specified region by inparting energy to the netal
thin filmto release the energy as heat fromthe netal thin filmso that
the insulating |ayer is selectively heated, thereby varying a deposition
rate from region to region on the insulating |layer; formng, on the

insul ating substrate having the first Hem conductor thin filmthereon, a
second sem conductor 20 thin filmwth a higher nelting point than the
first sem conductor thin film and crystallizing the second sem conduct or
thin filmby heat treatnment wwth the first sem conductor thin filmas
growt h nuchbose-descriliesl abethedsieachotbem-gatehtyde ¢13n fidm( 6)ansister manalbet hi n
filmmay serve as a gate electrode or a source electrode and a drain

el ect r ode. faldicatpéci Oncahé wothahdmrid)ewhen athet hietalf ithin $énvesras ahahgat e
el ectrode, in the 15 above-described nethods, a bottomgate type thin film

transi st or safte Rectiadd hadithe. di@in tdiecteddiein RAathbowkatestiibedrvhethodsj a fil m
serves as the source electrode and the drain electrode, in the

above- deSCEd;JO 65t BlpaAdtsn fAm HARsHAEchY BE fAkki¢htbdl! M transistor can be

fabricat ed. Further nore, in the above-described nethods (3) to (6), the
i nsul ating l aFﬁitHENmﬂ@ ﬁ?kﬁ@tabg% Hegﬁ‘%(ﬁpn@fhb&é o)l gf (@)gt}?eﬂmsula ing
el ectromagneti ¢ wave, servi as the energy, t he nmetal mto
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In the above-described methods (3) to (6), the insulating layer may L2
10 selectively heated by passing an electric current through the metal thin film
to release heat from the metal thin film.
In the above-described methods (3) to (6), it is preferable that the
energy be imparted to the metal thin film intermittently.
In the above-described methods (3) to (6), in the step of forming the
15 thin ﬁim, it is preferable to employ CVD. Further, among the CVD
techniques, it is more preferable to employ plasma enhanced CVD.
In the above-described methods (3) to (6), after the step of forming the

semiconductor thin film, the semiconductor thin film may be crystallized.

20 (Apparatus for fabricating a thin film)

(1) In order to overcome the foregoing problems, there is provided an
apparatus for fabricating a thin film according to the present invention
comprising: a metal thin film formation means for forming, on a substrate, a
metal thin film with a predetermined pattern; a thin film formation means

25 for forming a thin film on the substrate, the thin film with film properties



energy be inparted to the nmetal thin filmintermttently. In the
above-descri bed nethods (3) to (6), in the step of formng the 15 thin
film it is preferable to enploy CVD. Further, anong the CVD techniques,
it is nore preferable to enploy plasma enhanced CVD. In the above-descri bed
met hods (3) to (6), after the step of formng the sem conductor thin film
the sem conductor thin filmmay be crysi6al |i zed. 20 (Apparatus for
fabricating a thin film (1) In order to overcone the foregoing problens,
there is provided an apparatus for fabricating a thin filmaccording to
the present invention conprising: a netal thin filmformation nmeans for
form ng, owawinglfsemategiom tomegan vhithef substydtetbeangferwedrhy hopapangern; a
thin filmformation nmeans 25 for formng a thin filmon the substrate, the
thin film ghéteyfid thepmmpal thiasfilkh tearcyéasg theoenergyi amheat fregi dhe anetiathe
substrate being fornmed by inparting energy to the netal thin filmto

rel ease t hghianGhlsodthdtahle fulemrdtbdselativeljhhBatdd; mnsloah athinemedhst rat e
is selectively heated; and an etching nmeans for patterning the thin film

in a predeferidtpgchiRAttherthik il & brxﬁeab&rhhhe(i?dttérm by eSlifigttheedhinr enove
|

only a portion of the thin filmwth specified | m properties. (2) In

addi ti-on, f}, qhdeledife Eéﬁ%@g_otnli'f a PR SO ONLheEn Wil spetifiedPily! ded

anot her appar at us G1;or abricating athin frlmaccording to the present

I nvention éloorﬂ&hg% ng: a netal thin filmformation nmeans for 10 form ng, on
, ca met

a substrat al thin filmwith a predeterm ned pattern; and a thin
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provided another apparatus for fabricating a thin film according to the
present invention comprising: a metal thin film formation means for
10 forming, on a substrate, a metal thin film with a predetermined pattern;
and a thin film formation means for forming a thin film on the substrate,
the thin film being formed only in a specified region by imparting energy to
the metal thin film to release the energy as heat from the metal thin film so
that the substrate is selectively heated, thereby varying a deposition rate
15 from region to region on the substrate.

In the above-described configurations (1) and (2), the thin film
formation means may comprise: a reaction vessel for holding the substrate
inside; an electromagnetic wave irradiation portion for irradiating an
electromagnetic wave, serving as the energy, to the metal thin film; a supply

20 portion for supplying a source gas to an inside of the reaction vessel; and a

reaction excitation portion for exciting a chemical reaction of the source gas.

(Thin film transistors)
(1) In order to overcome the foregoing problems, there is provided a

25 thin film transistor according to the present invention comprising: a metal




the metal thin filmto release the energy as heat fromthe nmetal thin film
so that the substrate is selectively heated, thereby varying a deposition
rate 15 fromregion to region on the substrate. In the above-described
configurations (1) and (2), the thin film formation nmeans may conprise: a
reaction vessel for holding the substrate inside; an el ectromagnetic wave
irradiation portion for irradiating an 1%l ectromagneti c wave, serving as
the energy, to the netal thin film a supply 20 portion for supplying a
source gas to an inside of the reaction vessel; and a reaction excitation
portion for exciting a chem cal reaction of the source gas. (Thin film
transi st or hin( filml havmgen predotemciord padeforagbpngvidedbirems, indvdatings
provided a 25 thin filmtransistor according to the present invention
conpr i si ngsubsti@terlanlihslatingilagehprovided qr Hoelimsulntiag pdisteate leadng
provided on an insulating substrate; an insulating |ayer provided on the

i nsul ati ngtlsaibabiat china\ilRg thiebéorirehall hhsémidohduttier €bin fdad leaving a
sem conductor thin filmhaving a predeterm ned pattern and provided on the

| nsul ati ngylauREymiMEI gh&e&ﬂearﬁi pRBvideadse tthe ﬁﬂahmﬁﬂ%rmfy@, pelideinalei n the
predeterm ned pattern by form ng the sem conductor thin filmby inparting

ener gy to g&ﬁ%(ﬁgpatkkéghk in f hmitsoprﬁJe?ﬁ‘é(f ihh%ﬁxgg‘;[?xl‘e%ét&%nﬁﬁﬂt pht Rt Bgymet al

thin filmso Insulating layer 1s sele vely heated, there
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insulating layer is selectively heated, thereby varying film properties
between a region above and in the vicinity of the metal thin film and other
10 regions, and subsequently etching the semiconductor thin film to selectively
remove the other regions.

(2) In addition, in order to overcome the foregoing problems, there is
provided another thin film transistor according to the present invention
comprising: a metal thin film having a predetermined pattern and provided

15 on an insulating substrate; an insulating layer provided on the insulating
substrate having the metal thin film thereon; and a semiconductor thin film
having a predetermined pattern and provided on the insulating layer,
wherein the semiconductor thin film is deposited only in a specified region
by imparting energy to the metal thin film to release the energy as heat

20 from the metal thin film so that the insulating layer is selectively heated,
thereby varying a deposition rate from region to region on the insulating
layer.

Furthermore, in the above-described methods (1) and (2), a sidewall of
the semiconductor thin film may have a gently sloping shape. With

25 conventional etching, the sidewall is perpendicular to the substrate surface



provided another thin filmtransistor according to the present invention
conprising: a netal thin filmhaving a predeterm ned pattern and provi ded
15 on an insulating substrate; an insulating |ayer provided on the
insulating substrate having the netal thin filmthereon; and a

sem conductor thin film having a predeterm ned pattern and provided on the
i nsul ating layer, wherein the sem condifctor thin filmis deposited only in
a specified region by inparting energy to the netal thin filmto rel ease
the energy as heat 20 fromthe netal thin filmso that the insulating |ayer
Is selectively heated, thereby varying a deposition rate frompregion to
regi on on &hd theseliamush of| agtep. height hetween the gemigongdystar. has dlnpagd

met hods (1) and (2), a sidewall of the sem conductor thin filmmy have a
gently sl ophegnstatiag Myeh Dius;onkent fovrmianeplehianpureselestisenlal dyasn

per pendi cular to the substrate surface 18 and there is much of a step

hei ght bet skRefrodee sedi tondiiké oard hfonmied mmande tdemicorsdiador nthihaydm, Thus,
when, for exanple, a source electrode, a drain electrode, and the like are

formed on @heoagEteaNAUay Obcculti Auéi tonthedstepohegghit. onHomever,cus mueheo t he
step height. However, as in the 5 above-described configurations, when the

si dewal | ofhhbdie de&F N EhFiRIratiBhs, whith ThBasd@y ale ot ke sbapiondueb@nhini t s

possible to mnimze occurrence of disconnection. (3) In order to overcone

the foregogng RLOY g@?glyt Bbfng %hE{)Q,Vitdfsd P_%Eéibie t&Riffizd RcButreht? of

transi stor accordin t he present 1nvention conprising: a 10 netal thin
film pattea&%gmqgct I nsul ating substrate in a predeterm ned pattern; a
first sem conductor thin filmdeposited so as to cover the netal

(3) In order to overcome the foregoing problems, there is provided still

another thin film transistor according to the present invention comprising: a

10 metal thin film patterned on an insulating substrate in a predetermined

pattern; a first semiconductor thin film deposited so as to cover the metal

thin film, the first semiconductor thin film being provided so as to cover only

the metal thin film, by imparting energy to the metal thin film to release

the energy as heat from the metal thin film, thereby providing the first

15 semiconductor thin film with film properties varying between a portion

covering the metal thin film and other regions, and subsequently selectively

removing the other portions by etching; and a second semiconductor thin

film provided on the insulating substrate having the first semiconductor

thin film thereon, and having a higher melting point than the first

20 semiconductor thin film, the second semiconductor thin film being

crystallized by heat treatment with the first semiconductor thin film as

growth nucleus, wherein a region of the crystallized second semiconductor

thin film not having the first semiconductor thin film serves as a channel
portion.

25 (4) Moreover, in order to overcome the foregoing problems, there is



thin film the first sem conductor thin filmbeing provided so as to cover
only the netal thin film by inparting energy to the netal thin filmto
rel ease the energy as heat fromthe netal thin film thereby providing the
first 15 sem conductor thin filmwth film properties varying between a
portion covering the netal thin filmand other regions, and subsequently
selectively renoving the other portion® by etching;, and a second

sem conductor thin filmprovided on the insulating substrate having the
first sem conductor thin filmthereon, and having a higher nelting point
than the first 20 sem conductor thin film the second sem conductor thin
fil m bei ngprevigsd glet ianethdrythindilm teansstor astonding éo tthe presedi woyedtionor
thin filmas growth nucleus, wherein a region of the crystallized second
senmi conductemprisingt fimetalothinafilmgpatteridéd sh arninsoabsticg crubishiate finl m
serves as a channel portion. 25 (4) Moreover, in order to overcone the

f or egoi ng ?E&Mt@fﬁinéd‘%b@te&‘ﬁ; ROfipdtoydriiREndattod DA Sffilnk Mepokiteth do agtbst or
according to the present invention conprising: a nmetal thin film patterned

on an i nsulgtdiiheSHREAl if filtn 2thePfiffedeitbN@dctBAhAl KilmabéinkSdeposited
sem conductor thin filmdeposited so as to cover the netal thin film the

first sem tﬁﬂ{*ﬁﬁﬁ msfng Sulthédd &%H&m%@ﬂoﬁﬁhq?ﬁg B ihPRrane ctiedgy tyrthaces of

t he met al y I nparting energy to metal thin filmto rel ease

the energy,as.1¢fl KiaMd ?a[eggé 3he Fe*ﬁie?g} ig'fsn?tl?jﬁ frbnla&h@txﬂgﬁﬂfsqhﬁﬁ Fuf A

varies between a region in Feinity e netal fiITmand ot her
substrat e HAH RGcmRE T Soticuticd Retert % R4 AR EndelDfy TSHs TR, g
hi gher el %}ilirlllgﬁf)rgi a?rgdtot er E‘Qgelo;lé;ras tse(S:oen . %81?1?80%d%rct(§1h hﬁnf ﬁirrrp provided on
the insulating substrate having the first semiconductor thin film thereon,
10 and having a higher melting point than the first semiconductor thin film,
the second semiconductor thin film being crystallized by heat treatment
with the first semiconductor thin film as growth nucleus, wherein a region
of the crystallized second semiconductor thin film not having the first
semiconductor thin film serves as a channel portion.
15 Furthermore, in order to overcome thé foregoing problems, there is
provided another thin film transistor according to the present invention
comprising: a metal thin film patterned on an insulating substrate in a
predetermined pattern; an insulating layer provided on the insulating
substrate having the metal thin film thereon; a first semiconductor thin film
20 formed on the insulating layer with the insulating layer being selectively
heated by imparting energy to the metal thin film to release the energy as
heat from the metal thin film, thereby varying film properties of the first
semiconductor thin film between a portion corresponding to a region with a
high surface temperature of the insulating layer and a portion

25 corresponding to a region with a low surface temperature of the insulating



t he second sem conductor thin filmbeing crystallized by heat treatnent
with the first sem conductor thin filmas growth nucl eus, wherein a region
of the crystallized second sem conductor thin filmnot having the first
sem conductor thin filmserves as a channel portion. 15 Furthernore, in
order to overcone the foregoing problens, there is provided another thin
filmtransistor according to the preser20 i nvention conprising: a netal
thin filmpatterned on an insulating substrate in a predeterm ned pattern;
an insulating |ayer provided on the insulating substrate having the netal
thin filmthereon; a first sem conductor thin film20 forned on the

i nsul at i ngldyayetheniftrkt shmicorsdicor thyin fper bbwighpreated oimelip theezegdanby

i mparting energy to the netal thin filmto release the energy as heat from
the netal whilnaf high stifacebyemimratue, fiyl stahing ehei festofemvitentiictor thin

sem conductor thin filmbetween a portion corresponding to a region with a

hi gh surf aﬁﬁntt@rﬁéﬁfc@i\ﬁélyﬁ%ot'@@hé Psuh@ﬁ coirebpoiedingtd thefegionowittba low
correspondl ng to a region with ow surface tenperature of the insulating

20 layer, aééhE&hpéf‘dﬂu‘i@“gﬂ&taoéecbﬂﬂrbefrﬂlhﬂﬁ@t%tﬂﬁ tRIPALASSk o9 ed bR thiee
regi on W|t I gh" surface tenperature, by etching the first sem conductor
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crystallized second semiconductor thin film not having the first

10 semiconductor thin film serves as a channel portion.
In order to overcome the foregoing problems, there is provided still
another thin film transistor according to the present invention comprising: a
metal thin film patterned on an insulating substrate in a predetermined
pattern; an insulating layer provided on the insulating substrate having the
15 metal thin film thereon; a first semiconductor thin film provided on the
insulating layer, the insulating layer selectively heated by imparting energy
to the metal thin film to release the energy as heat from the metal thin film
so that a deposition rate varies between a region with a high surface
temperature of the insulating layer and a region with a low surface
20 temperature of the insulating layer, thereby providing the first
semiconductor thin film only in the region with a high surface temperature;
and a second semiconductor thin film provided on the insulating substrate
having the first semiconductor thin film thereon, and having a higher
melting point than the first semiconductor thin film, the second

25 semiconductor thin film being crystallized by heat treatment with the first



10 sem conductor thin filmserves as a channel portion. In order to
overcone the foregoing problens, there is provided still another thin film
transi stor according to the present invention conprising: a netal thin
filmpatterned on an insulating substrate in a predetermned pattern; an
insul ating | ayer provided on the insulating substrate having the 15 netal
thin filmthereon; a first sem conduct@1 thin film provided on the
insulating layer, the insulating | ayer selectively heated by inparting
energy to the netal thin filmto rel ease the energy as heat fromthe netal
thin film so that a deposition rate varies between a region with a high
surface tesmroaduterofthithefiimsas agiavwgth apelewsd wheregi on xeigidn 20fl dhe
surface 20 tenperature of the insulating |ayer, thereby providing the first

senm conducg@istalized f i degv®d! Wehticédudtegi ahin filma hogh Imvifiaceheerfpstat ur e;
and a second sem conductor thin film provided on the insulating substrate

havi ng thegdh{hdaethrany iinCdert 6 asfaid}mnwéeﬁ_emon.and having a hi gher
melting point than the first sem conductor thin film the second 25

sem conductor thin filmbeing crystallized by heat treatnent with the first
21 sem conductor thin filmas growh nucl eus, wherein a region of the

cryst gl lized second S%W%S@RIWI@N@F’I‘HE ﬁR\Anggﬁ first

sem conductor thin fi serves as a channel portion. EF DESCRI PTI ON OF
THE DR e i RSt SRR RN RO e o ot o
Sel oct | vel Pinasteting g Enbodime CatAeSiteBRER el AR FRundRe '
fabri cat| Ogita;[lteign ?Ifl xél?ightahsiunrface of an insulating layer is selectively heated.
Fig. 2 is a cross-sectional view showing the fabrication step of the thin
10 film according to Embodiment 1 and illustrating the situation in which a
semiconductor thin film has been formed on the insulating layer.
Figs. 3(a) and (b) are diagrams for illustrating selective heating of a
substrate, in a method of fabricating a thin film according to Embodiment 1.
Fig. 3(a) is a graph showing temperature distributions on the surface of the
15 insulating layer, and Fig. 3(b) is a cross-sectional view showing the main
part of the substrate.
Fig. 4 is a graph showing the relationship between irradiation energy
and irradiation time of light, in the method of fabricating a thin film
according to Embodiment 1.
20 Fig. 5 is a graph showing the relationship between SiH2/SiH ratio or
etching rate and temperature on the surface of the insulating layer, in the
method of fabricating a thin film according to Embodiment 1.
Fig. 6 is a cross-sectional view for illustrating etching of the

semiconductor thin film, in the method of fabricating a thin film according

25 to Embodiment 1.



10 filmaccording to Enbodinent 1 and illustrating the situation in which a
sem conductor thin filmhas been fornmed on the insulating |ayer. Figs. 3(a)
and (b) are diagrans for illustrating selective heating of a substrate, in
a nmethod of fabricating a thin filmaccording to Enbodinent 1. Fig. 3(a)
I's a graph showi ng tenperature distributions on the surface of the 15
insulating layer, and Fig. 3(b) is a cragss-sectional view show ng the main
part of the substrate. Fig. 4 is a graph showing the relationship between
irradiation energy and irradiation tinme of light, in the nmethod of
fabricating a thin film according to Enbodinent 1. 20 Fig. 5 is a graph
showi ng the reFid.i Drishi prdsstssetion® MR/vSisHomang other sereiqonidngtm‘at}énaﬁgn
tenperature on the surface of the insulating layer, in the nethod of

f abri cati nfalaiddied by the raetivddeffabiieatingadihianfilnd acfordingte Ensbodiment
cross-sectional view for illustrating etching of the sem conductor thin
film in the nethod of fabricating a thin filmaccording 25 to Enbodi nent
1. 22 Fig. 7 is a cross-sectional view showi ng the sem conductor thin film

fabricated by Fggg gp%té;%gaﬁ shaRinE fhd DelatiohBhih hédweacaasshifion ratErhadi ment

1. Fig. 8is a W ng the relationship between deposition rate and
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I nventi on.

Fig. 9 is a cross-sectional view for illustrating a method of fabricating a
thin film according to Embodiment 3 of the present invention.
Figs. 10(a) and 10(b) are diagrams for illustrating selective heating of a
10 substrate, in the method of fabricating a thin film according to Embodiment
3. Fig. 10(a) is a graph showing temperature distributions on a surface of
an insulating layer, and Fig. 10(b) is a cross-sectional view showing the
main part of the substrate.
Fig. 11 is a graph showing the relationship between the amount of
15 electrical current and application time, in the method of fabricating a thin
film according to Embodiment 3.
Fig. 12 is a cross-sectional view for illustrating etching of a
seiniconductor thin film, in the method of fabricating a thin film according
to Embodiment 3.
20 Figs. 13(a) and 13(b) are cross-sectional views showing the fabrication
steps of a semiconductor thin film according to Embodiment 5 of the present
invention. Fig. 13(a) is a cross-sectional view for illustrating the formation
of first and second semiconductor thin films, and Fig. 13(b) is a
cross-sectional view for illustrating the crystallization of the second

25 semiconductor thin film.



Figs. 10(a) and 10(b) are diagrans for illustrating selective heating of a
10 substrate, in the nethod of fabricating a thin filmaccording to

Enbodi ment 3. Fig. 10(a) is a graph showi ng tenperature distributions on a
surface of an insulating layer, and Fig. 10(b) is a cross-sectional view
showing the nmain part of the substrate. Fig. 11 is a graph show ng the

rel ati onship between the anmount of 1528 ectrical current and application
time, in the nethod of fabricating a thin filmaccording to Enbodi nent 3.
Fig. 12 is a cross-sectional view for illustrating etching of a

sem conductor thin film in the nmethod of fabricating a thin filmaccording
t o Enbodi ment Bigs2(d4ka)gand 13(la) amencrosSEhiticnal dewsshosangdhelfabrisaboshowi ng
the fabrication steps of a sem conductor thin filmaccording to Enbodi nent
5 of the pesepenif a seinphidasctorFhin fild(adcoiding toExabodiaren o af the predemt
illustrating the formation of first and second sem conductor thin filns,

and Fig. 1g{Jontion.a Figl 2860 i8atdrosekedticial fview ifbt ilbistasting thbdormation
crystallization of the second 25 senmiconductor thin film 23 Figs. 14(a)

and 14(b) gf efifd0S8id esdcbRNAlsediBWRLEROM fifint FAn{Abhn@atiign 18G¥pss oh a
sem conductor thin filmaccording to Enbodi nent 6 of the present
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a 5 cross-gecti Oﬁﬁk*o‘@tﬁ%%ﬂﬁl illustrating the crystallization of the second
m Frg.

seni conduct O PN g. 15 is a plan view schematically show ng an
apparatus for . . . . .
Fig. 15 is a plan view schematically showing an apparatus for

fabricating a thin film transistor used in Example 1 of the present
invention.

10 Fig. 16 is a cross-sectional view schematically showing a plasma
enhanced CVD system used in Example 1 of the present invention.

Figs. 17(a) to 17(e) are cross-sectional views for illustrating the
fabrication steps of a thin film transistor according to Example 1 of the
present invention.

15 Figs. 18(a) to 18(c) are cross-sectional views for illustrating the
fabrication steps of a thin film transistor according to Example 2 of the
present invention.

Figs. 19(a) to 19(d) are cross-sectional views for illustrating the
fabrication steps of a thin film transistor according to Example 9 of the

20 present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
In the present invention, a thin film is formed with the substrate
having a temperature distribution, thereby reducing the process

25 temperature and enabling the formation of a thin film having a



fabricating a thin filmtransistor used in Exanple 1 of the present

I nvention. 10 Fig. 16 is a cross-sectional view schematically show ng a
plasma enhanced CVD systemused in Exanple 1 of the present invention.
‘Figs. 17(a) to fabrication steps of present invention. 17(e) are
cross-sectional views for illustrating the a thin filmtransistor according
to Exanple 1 of the 15 Figs. 18(a) to 1Bt c) are cross-sectional views for
illustrating the fabrication steps of a thin filmtransistor according to
Exanple 2 of the present invention. Figs. 19(a) to Figs. 19(a) to 19(d)
are cross-sectional views for illustrating the fabrication steps a thin
film transpsé¢detennimedipatern vzt perforsiingteeli BEgTaphpEteIORSORRRMAE - OUT
THE INVENTION I n the present invention, a thin filmis formed with the
substrate haviAngore peopfc desoréptiosis abfdllosws. t her eby reduci ng the process
25 tenperature and enabling the formation of a thin filmhaving a 24

predet er ni ned pptTies Bubbiragdbuitacé o5 selagtivelyilidmad apHyrmtephinsfiby withesk.

A nore specific description is as follows.
film properties varying from region to region. By taking advantage of
5 differences in the etching rate caused by this variation in film properties, it
is possible to perform patterning without performing a lithography step
using a mask.
(2) The substrate surface is selectively heated so that the deposition
rate itself varies from region to region. By taking advantage of differences

10 in the deposition rate, a thin film is formed only in specific regions on the

substrate without performing a lithography step.

Embodiment 1
Embodiment 1 corresponds to the case (1) described above. As a
15 means for selectively heating the substrate surface, an energy absorber is
utilized, making it possible to form a thin film with film properties varying
from region to region.
The energy absorber according to the present embodiment functions
such that when the energy absorber is irradiated with electromagnetic
20 waves such as light, the energy absorber absorbs the electromagnetic waves
as energy and further releases the energy as heat. An energy absorber
having such a function can be formed, for example, of high melting point
metals such as Mo, Ti, Cu, and Au.
The energy absorber is formed as follows. Specifically, as shown in

25 Fig. 1, on a substrate 1, being a glass substrate, a precursor film of energy



{1) The substrate surface is selectively heated to forma thin filmwth
filmproperties varying fromregion to region. By taking advantage of 5
differences in the etching rate caused by this variation in film
properties, it is possible to performpatterning w thout performng a

|'i thography step wusing a mask. (2) The substrate surface is selectively
heated so that the deposition rate its¥f varies fromregion to region. By
t aki ng advantage of differences 10 in the deposition rate, a thin filmis
formed only in specific regions on the substrate without performng a

it hography step. Enbodi nent 1 Enbodi nent 1 corresponds to the case (1)
descri bed abeitberdA2 ds fosmredaby fputtesingc bi vidley likeatdndy thee theilmytis
surface, an energy absorber is utilized, making it possible to forma thin
filmw th phtterpedpent peslevamyined pdttem tefiran the eneggyabsdibereder gpr
absorber according to the present enbodi nent functions such that when the

ener gy absggdphttesnin pHbEIRY R dghye FacsTonplgnedn be ediplopyds such as |ight,
the energy absorber absorbs thé el ectromagnetic waves as energy and further

rel eases the eggkpy, %Héegﬁhst%ﬁteeﬁe?%a@&%i%ﬁfthﬁ@nbﬂgy shebrisers UNChhON can
be fornmed, for exanple, o Igh nmelting point nmetals Such as M, Ti, Cu,

and Ay The, Snerigk 130505 baeh bS il BEGRS i fishfue. Speci fically, as shown in

25 Fig. 1, ona’s _ ng a glass substrate, a precursor film of
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2. For semiconductor thin film 6 made of an a-Si thin film is formed on the
insulating layer 3 by, for example, plasma enhanced CVD.
The heating of the substrate 1 is carried out, for example, as follows.
10 Specifically, light 4 is irradiated onto the entire surface of the substrate 1
from the other side of the deposited surface of the substrate 1. As an
energy source utilized for light irradiation, for example, a halogen lamp, a
xenon lamp, or a metal halide lamp is utilized.
When the light 4 is irradiated onto the substrate 1, the energy
15 absorbers 2 absorb the light 4 as light energy, and then release the light
energy as heat. Thus, regions in the vicinity of the energy absorbers 2 have
a higher temperature than other regions where the energy absorbers 2 are
not provided. When this state is observed as the basis for the substrate
temperature, roughly, such a temperature distribution as to be shown by the
20 dotted line in Fig. 3(a) is obtained. Fig. 3(a) is a graph showing
temperature distributions at the main part of the substrate 1 shown in Fig.
3(b) and showing the relationship between the length (um) of the cross
section of the substrate 1 and substrate temperature (CC). As can be seen

from Fig. 3(a), when the substrate temperature in regions where the energy

25 absorbers 2 are present is set, for example, to about 300°C, the substrate




I he patterning, photolithography, for exanple, can be enpl oyed. Next, on
the substrate 1 provided with the energy absorbers 2, an 5 insulating

| ayer 3 such as Si02 or SINX is forned. Furthernore, as shown in Fig. 2,

W th the substrate 1 being heated, a sem conductor thin film6 mde of an
a-Si thin filmis forned on the insulating |ayer 3 by, for exanple, plasna
enhanced CVD. The heating of the subst2éte 1 is carried out, for exanple,
as follows. 10 Specifically, light 4 is irradiated onto the entire surface
of the substrate 1 fromthe other side of the deposited surface of the
substrate 1. As an energy source utilized for light irradiation, for

exanpl e, atdiapegeard avdocationsnofewamm, avayafrost dhe realeirgle dhsopbdrs 251 i zed.
When the light 4 is irradiated onto the substrate 1, the energy 15

absor bers ghabszo®@the light 4 as |ight energy, and then rel ease the |ight
energy as heat. Thus, regions in the vicinity of the energy absorbers 2

have a hi gherThenpgidt firesettiag thleribstede abmpeigfitretineregieigwhabsohbers 2
are not provided. Wen this state is observed as the basis for the

substrate e ¥se?tEd) aBohi€300TALY el Ak tol thel dggbsdtoh 0 be
shown by tﬁ%&% %#E%ﬁ?%ggmnr E?g. S(aaﬁ) I s obt alti ned. Fig. 3(a§m?s % gr aph
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absorbers t20 iaﬁout 300°C. Thus, the above-mentioned substrate temperature is only
an exemplifying value, and therefore the substrate temperature should be
10 changed and set in accordance with materials and deposition methods for a
thin film to be formed. Note that the substrate temperature specifically
means the surface temperature of the insulating layer 3. However, in the
present invention, it is also possible to deposit a semiconductor thin film
directly on the energy absorbers 2 without providing the insulating layer 3.
15 In such a case, the substrate temperature means the surface temperature of
the substrate 1 (the substrate temperature in regions where the energy
absorbers 2 are present is the surface temperature of the energy absorbers
2).
Methods of irradiating light onto the substrate 1 are not particularly
20 limited; however, for example, as is shown in Fig. 4 showing the relationship
between irradiation energy (J) and irradiation time (sec) of light, it is
preferable to irradiate light intermittently at specified intervals. In doing
so, it is possible to prevent the temperature distribution of the substrate 1

from making a smooth distribution curve, as shown by the dot-dash line in

25 Fig. 3(a). Intermittent light irradiation can be performed by, for example,



about 200C. The reason for setting the substrate tenperature in regions
where the energy absorbers 2 are present to about 300C is related to the
deposition 5 process of the sem conductor thin film6 made of an a-Si thin
film Specifically, in the case where the sem conductor thin film®6 is
formed by, for exanple, plasma enhanced CVD, the deposition tenperature
needs to be set to about 300C. Thus, tdfe above-nentioned substrate
tenperature is only an exenplifying value, and therefore the substrate
tenperature should be 10 changed and set in accordance with materials and
deposition nmethods for a thin filmto be forned. Note that the substrate

t enper at ur eorstpelding thad ON ang Q1EF vhehespower souierpéthe energy savreei nsul ati ng

| ayer 3. However, in the present invention, it is also possible to deposit

a sem conduct owithi thd iduffacdi loECiley ibstite enetlgys dbsdngens t@mpet it
providing the insulating layer 3. 15 In such a case, the substrate

tenper at ur g AREBNSichN§heUsdiafcBnHEERE" tHiH! B1RT6 thhe LS T #8¢ thik tlen is
substrate tenperature in regions where the energy absorbers 2 are present
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perf or med il?syfor}cn%rd. e)’(ﬁlr(raplsgﬁplgjof flux for deposition is made possible with such an
equipment system that is capable of supplying a flux using a device
10 configuration such as plasma enhanced CVD.

The film properties of the semiconductor thin film 6 deposited on the
substrate 1 greatly depend on the power, operating pressure, gas flow rate,
substrate temperature, and the like of plasma enhanced CVD. By
optimizing the conditions of the power of plasma enhanced CVD and the

15 supply of SiHs gas, it is possible to deposit, on the substrate 1 with a
substrate temperature of 300°C, an a-Si thin film with excellent film
properties, containing therein few SiH> bonds.

The variation of the film properties of an a-Si thin film was examined
in the case, for example, where the substrate temperature was varied under

20 the same plasma conditions, and as a result, a curve shown by the solid line
in Fig. 5 was obtained. Fig. 5 is a graph showing the relationship between
SiH./SiH ratio or etching rate (nm/sec) and substrate temperature CC). As
can be seen from the graph, as the substrate temperature decreases, the

SiH/SiH ratio increases. In addition, the graph shows that when the

25 substrate temperature is 300°C, the SiH/SiH ratio is lowest. These results



controlling the ON and OFF of the power source of the energy source. Wth
the surface of the substrate 1 thus having a tenperature distribution, the
sem conductor thin filme6 nmade of an a-Si thin filmis formed on the
insulating |layer 3 by plasma enhanced CVD. As a flux 5 5 necessary for
formng the sem conductor thin film®6, SiH4 gas is utilized. Wen the SiH4
Is utilized, the SiH4 is deconposed by 2%he plasma and radicals of SiH
(X=0, 1, 2, 3) are generated. As aresult, an a-Si thin film is formed.
The supply of flux for deposition is made possible with such an equi pnent
systemthat is capable of supplying a flux using a device 10 configuration
such as pl show thabshe acBidn cintains few Hidpbondethefeinhe seni conductor thin
film®6 deposited on the substrate 1 greatly depend on the power, operating
pressure, gas fThew ol sefildoatnatos thembidinag foreedaon theénsulkéingflapénsdm
enhanced CVD. By optimzing the conditions of the power of plasma enhanced

CVD and t hend FlSUPRIpErQ@és PhffbeBseer tedibnPBaToRhed ba thepasdrgy ab3otliers
substrate 1 wth a "substrat'e tenperature of 300C, an a-Si thin filmwth

excel | ent fﬂéﬂg@éﬂ?f@'ﬁbi(ﬁﬁer GRAH ahRi RGN £I BRI iRARESTegiUMS 62,

vari ation of mproperties of an a-Si thin filmwas examned in the
cooe L SO R e ok RS i S IR Snngny20 (e
S5 55T St . oo R S g S PRI
S0, 5 Bebds R o O, ATl ek
substrate %ﬁg&e rZ%E)U(E,eax.l t %%Cthé[ I%ﬁmSiirll_l Zs/uc. Hrerg%rilsohia% JﬁPn\Qe 31to'pe-1|'- 185 SutRSul ts
numerous SiH> bonds.
10 Next, the semiconductor thin film 6 is etched without performing a
lithography step (see Fig. 6). As described above, the semiconductor thin
film 6 is a thin film such that the film properties vary between the regions
6a and the regions 6b. This variation in film properties appears as
differences in the etching rate upon etching. The relationship between the
15 variation in film properties and etching rate can be clearly seen from the
test results, as will be described below. Specifically, the etching rate for
a-Si thin films deposited with different substrate temperatures was
measured, and as a result, a curve shown by the dotted line in Fig. 5 was
obtained. @ The measured values are obtained by hydrogen plasma
20 treatment. As is clear from this graph, the etching rate upon etching of the
semiconductor thin film 6 is higher in the regions 6b than in the regions 6a.
Thus, even if etching is performed in the regions 6a and the regions 6b
under the same conditions, the film properties vary between the two

different regions, causing differences in the etching rate. Consequently,

25 only the portions of the regions 6b are selectively removed, and thus a



28 show that the a-Si filmcontains few Si H2 bonds therein. Thus, in the
sem conductor thin film®6 forned on the insulating layer 3, the film
properties vary between regions 6a forned on the energy absorbers 2 and
-regi ons 6b other than the regions 6a. Specifically, in the regions 6a, 5
since the substrate tenperature was about 300C, the filmin such regions
contai ned few Si H2 bonds and thus had f29 m properties with many SiH bonds.
On the contrary, in the regions 6b, the substrate tenperature was about
200C, and thus the filmin such regions had filmproperties with numerous
Si B2 bonds. 10 Next, the sem conductor thin film6 is etched w thout

per f or m ngsé@midondnetsraibiy fAhed wiska preget@mingd ptsem, beshavoye) Fihiel,

sem conductor thin film6 is a thin filmsuch that the filmproperties
vary bet wegsy the fér@gddnsHefd ddewhlepsiinens @brembved \etchiagi portionst 7l m
properties appears as differences in the etching rate upon etching. The
rel ationsh t i rishhpen Nt thm Shpesh itke rasdtetkéindnr at e
can be cl egral‘lg?is%%ﬁn;‘érlgﬁ]"ﬁteaﬁt esstbresul ts, as wl Igbe descri bed bel ow.
Speci fi cal ! g ogel Slasith réd eRefi fredhwidaBe of

di fferent g%%s% rhgef‘% tSBeltrfa}r‘:?)lgerz(gfk{})re}elgai\/\(/)agse%l %aaasg% ggl‘%étg%%ngs a result, a curve
shown by the dotte | i N F| 9o i . are
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et chi ng ratﬁ uPon etching of the sem conductor thin film®6 is higher in
the regi on8”®}™than in the regions 6a. Thus, even if etching is perforned
in the regions 6a and the _regions 6b der ..t he sane ndi t.i 9ns film
properties var {CH¥ b0 He ¢ de]i Pfe#’gﬁltcapé‘&i Bnkhin: Jhy of thie; Pé‘%"%ﬁ%es in

t he etching rate. Consequentl|y, ) . .
gmbodiment degcgﬂeéy above, a semiconductor thin film with a

predetermined pattern can be formed at low temperatures, which in turn
10 allows a thin film to be formed easily on a flexible substrate, for example.
In addition, it is not necessary to perform a lithography step conventionally
required when patterning a thin film, and thus the number of fabrication
steps is reduced, resulting in a reduction in costs. Moreover, since an a-Si
thin film formed in the present embodiment contains few SiH2 bonds, when
15 such an a-Si thin film is applied to a thin film transistor, the thin film
transistor with high mobility and high quality can be obtained.
Furthermore, the a-Si thin film has few defects therein, achieving a

reduction in leakage current in an OFF state.

20 Embodiment 2
Embodiment 2 corresponds to the case (2) described above. The
present embodiment and the foregoing Embodiment 1 are the same in that
both embodiments employ an energy absorber as a means for selectively
heating the substrate surface. However, the present embodiment is

25 different from the foregoing Embodiment 1 in that the substrate surface is




25 only the portions of the regions 6b are selectively renoved, and thus a
29 sem conductor thin filme6 wth a predeterm ned pattern, as shown in Fig.
7, can be forned. Here, sidewall portions 8 of renoved etching portions 7
‘have a gently sloping taper shape. Note that although the results shown in
Fig. 5 were obtained by hydrogen plasma treatnent, even in the case of 5

pl asma treatnment such as CF4, differen@® in the etching rate were brought
about. According to the method of fabricating a thin filmof the present
enbodi nent descri bed above, a sem conductor thin filmwith a predeterm ned
pattern can be forned at | ow tenperatures, which in turn 10 allows a thin
filmto besdlectivelycaesited wnthat thaidspesiids rate selovansafyime. region to
addition, it is not necessary to performa lithography step conventionally
requi red WhghoR ahtthlesubgtraté hhieréby fornaing 4 thia file onlymbesp avifid pdgionsit i on
steps is reduced, resulting in a reduction in costs. Moreover, since an

a-Si - thin il feaseehattid depbSsRnt raebeskise fifont aeRNNEo freyiofi 42 thends,
when 15 such an a-Si thin filmis applied to a thin filmtransistor, the
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a?ogz{tgosn?rg[fe%vnﬁl%dévqggtfrcl)ﬁ the energy absorber, was about 300°C. The

reason for setting the temperature of the surface of the energy absorber 2 to
about 400°C is that when depositing a semiconductor thin film by
10 low-pressure CVD using SizHs, the temperature needs to be set to a level at
which the Si2Hg is thermally decomposed G.e., 400°C). Thus, the
above-mentioned substrate temperature is only an exemplifying value, and
therefore the substrate temperature should be changed and set in
accordance with materials and deposition methods for a thin film to be

15 formed.
A semiconductor thin film is formed as follows. As is the case above,
with the surface of a substrate 1 having a temperature distribution, a
semiconductor thin film made of an a-Si thin film is formed on an insulating
layer by low-pressure CVD. As a flux necessary for forming the
20 semiconductor thin film, the above-mentioned SizHs is utilized. As for
deposition conditions, as is the case above, the substrate temperature is set
to 400°C, and in addition, for example, the operating pressure and gas flow
rate of low-pressure CVD are set to about 300 mTorr and about 100 sccm,
respectively. In the case where low-pressure CVD is not employed, it is

25 also possible to form a semiconductor thin film by thermal CVD.



25 different fromthe foregoing Enbodinent 1 in that the substrate surface
Is 30 selectively heated so that the deposition rate itself varies from
region to region on the substrate, thereby formng a thin filmonly in
-specific regions. In order that the deposition rate varies fromregion to
region on the substrate, in the present enbodi nent, the substrate
tenperature in a region 5 in the vici@lity of the surface of an energy
absorber 2 was set to about 400C, as is shown by the solid line in Fig. 3.
Here, the substrate tenperature at a location, a few gmaway fromthe
ener gy absorber, was about 300C. The reason for setting the tenperature of
the surface of At hhispeingy onhther hidrst2ateol, dizvetardfodnied regamswwberedhesiting
a sem conductor thin filmby 10 | ow pressure CVD using Si 2H6, the

t enper at ur g-Siegfia fdmbés eposited drl ebgivhs whieed thheaSi2thsni lmher mak| y
deconposed (i.e., 400C). Thus, the above-nentioned substrate tenperature

i's only anggxeiidd. f ySpeifiadlle whié thieharSif ohiay Gite $¢1liposited timpegiahyr e
shoul d be changed and set in accordance with materials and deposition

met hods fO{nmet BhA & b tv?%igﬂg d5eh e dbsAbERTRC YREULERthidlifllnd i Mot S

formed as ows. As Is tl ase above, with t he surface of a substrate 1
aosi onin S i et el ] Tils, GRIWEPEGAIE, B A DTHER e
(0 Teccohled 8 ALt W 18 AP SH A0 A, Wi,
xami o, 1 HEighis SROWD Ipragchr o Thak e e hpBAe Brendll dideBfifitibdy
set to abo(l)J% S;l))z 6 rtn;I' ésr p an(?e ?r? Otlfl1te &)(i)'?nastlcocnmof a film by low-pressure CVD, a
temperature of, at least, about 400°C is required. If the temperature 1is
10 lower than this level, as is clear from Fig. 8, the deposition rate is rapidly
reduced, and when the substrate temperature is about 300°C, it is almost
impossible to deposit an a-Si thin film.
According to the method of fabricating a thin film of the present
embodiment described above, a thin film with a predetermined pattern can
15 be formed without performing a lithography step conventionally required
when patterning a thin film. Consequently, the number of fabrication steps
is reduced, resulting in a reduction in costs. In addition, an a-Si thin film
formed in the present embodiment contains, as is the foregoing embodiment
1, few SiH: bonds, and thus when such an a-Si thin film is applied to a thin
20 film transistor, the thin film transistor with high mobility and high quality
can be obtained. Moreover, the a-Si thin film has few defects therein,
achieving a reduction in leakage current in an OFF state.
Note that the present embodiment described the case where SioHs is

used as a source gas; however, the present invention is not limited thereto.

25 For example, it is also possible to use SiHs gas. In such a case, the surface



respectively. In the case where | owpressure CVDis not enployed, it is 25
al so possible to forma seniconductor thin filmby thernmal CVD. 31 At this
point, on the substrate 1, there are forned regions where the a-Si thin
filmis deposited and regions where the a-Si thin filmis not deposited.
Specifically, while the a-Si thin filmis deposited in regions above and
inthe vicinity of energy absorbers 2, 3he a-Si thin filmis not 5
deposited in other regions. This can be expl ai ned, for exanple, by the
change in deposition rate in accordance with the substrate tenperature,
which is shown in Fig. 8 That is, in order that the thermal deconposition
of Si 2H6 t skaperdtace of thé brefgyr atetorbersdf naedsd tonbdyetl tovBiY’ Essure CVD, a
tenperature of, at |east, about 400Cis required. If the tenperature is 10
| ower than this level, as is clear fromFig. 8, the deposition rate is
rapidly reduced, and when the substrate tenperature is about 300C, it is
al nost inpossible to deposit an a- SEddydimkht® According to the nmethod of
fabricating a thin filmof the present enbodinment described above, a thin

filmwth a pf%ﬁk‘%ﬁ&ﬁﬁfﬂﬁufa&%%ﬁ@m&%ﬁ a8l Yot ReMlodifichfd! 91180 2

| it hography step conve ona required n patterning a thin film
Consequont e STSFf B od IRFABTLAS, SUGRE oSSRy DROHRLLSRE 1 o
thus when Eaerodmentef Sprfhtef coRAGRLEHBNRY SHIERY, i pld'o b ToRART, o
obt ai ned,  ABRdEErR] B sieein Afrentim nstd dhrasrRcrd Cudabié o, ng
a reduct] O‘rs]elie(r:]ti\lrgl?rk}?egaet t grsql g%l'aitg sgxr‘]faglz state.
As is shown in Fig. 9, a conductive film is formed on a substrate 1 and
10 then pattered by any known method to form conductive films 9.
Next, on the substrate 1 provided with the conductive films 9, an
insulating layer 3 of SiO2, SiNy, or the like is formed.
Further, as is shown in Fig. 9, with the substrate 1 being heated, a
semiconductor thin film 6 made of an a-Si thin film is formed on the
15 insulating layer 3 by, for example, plasma enhanced CVD.
The heating of the substrate 1 is carried out as follows. Specifically,
an electric current application portion 10 is connected to the conductive
films 9 so as to pass an electric current through the conductive films from
the electric current application portion 10. When an electric current is
20 passed through the conductive films 9, the conductive films 9 release
electrical energy as heat. Thus, regions in the vicinity of the conductive
films 9 have a higher temperature than other regions where the conductive
films 9 are not provided. When this state is observed as the basis for the

substrate temperature, roughly, such a temperature distribution as to be

25 shown by the dotted line in Fig. 10(a) is obtained. The substrate



-Note that the present enbodi nent descri bed the case where Si2Hs is used as
a source gas; however, the present invention is not |[imted thereto. 25
For exanple, it is also possible to use SiH4 gas. In such a case, the
-surface 32 tenperature of the energy absorbers 2 needs to be set to 550C.
Enbodi ment 3 A nethod of fabricating a thin film according to Enbodi nent 3
is 5 different froma nethod of fabricding a thin filmaccording to the
foregoing Enbodinent 1 in that a conductive filmis utilized in place of
an energy absorber and an electric current is passed through the
conductive filmto selectively heat the substrate surface. As is shown in
Fig. 9, a tanpeeituveid irbgions Winmeddemondustive filatsed areipdesent 1s ek asdst er ed
by any known nmethod to form conductive filns 9. Next, on the substrate 1
provi ded wikédfdrbgoitgmboditredii 1w £howtr800°Gsul ating layer 3 of Si02, SiNX,
or the like is formed. Further, as is shown in Fig. 9, with the substrate 1

bei ng heated, fyrfFfRBIHE Blectié Buiien®t6 BEAFpIEd 86 the Sondhitivd filmsi
formed on the 15 insulating |layer 3 by, for exanple, plasma enhanced CVD.

e neating jgfadi S?J#P&Efﬁﬂﬁ ift 4 putdid PRMION GBS AILONG), SPRCIHGWwRkRY,  an

el ectric curre Ication portion 10 1s connected to the conductive
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the electricecurre Ica t1on en an electric current is 20
passed through the nqucticveyfilnms 9, the conductive filnms 9 rel ease
35 aepeaBoR AL G,

el ectrical S, regions in the vicinity of the conductive
films 9 have agplohgr, tePCLatYr fd NARsBLAE" 17 BRLO RaViE" & toRpEPAAYE! T Ve
distribution, a semiconductor thin film 6 made of an a-Si thin film is formed,
in the same manner as the foregoing Embodiment 1, on the insulating layer
10 3 by plasma enhanced CVD. Thereafter, the semiconductor thin film was
etched without performing a lithography step. Consequently, as is the case
with the foregoing Embodiment 1, a semiconductor thin film with a
predetermined pattern can be formed at low temperatures (see Fig. 12). In
addition, since it 1s not necessary fo perform a lithography step
15 conventionally required when patterning a thin film, the number of
fabrication steps is reduced, resulting in a reduction in costs. Moreover,
when an a-Si thin film formed by a method of fabricating a thin film
according to the present embodiment is applied to a thin film transistor, the
thin film transistor, as is the case with the foregoing Embodiment 1, which

20 has high mobility and high quality and achieves a reduction in leakage

current in an OFF state, can be obtained.

Embodiment 4
A method of fabricating a thin film according to Embodiment 4 1s

25 different from a method of fabricating a thin film according to the foregoing



films 9 are not provided. Wien this state is observed as the basis for the
substrate tenperature, roughly, such a tenperature distribution as to be 25
shown by the dotted line in Fig. 10(a) is obtained. The substrate 33
‘tenperature in regions where the conductive filnms 9 are present is set, as
Is the foregoing Enbodi rent 1, to about 300C. Furthernore, the electric
current to be applied to the conductive34ilns 9 is applied preferably in a
pul sed fashion (intermttently), as is shown in 5 Fig. 11 showi ng the

rel ati onship between the amount of electrical current and application tine
(sec). Wth the surface of the substrate 1 thus having a tenperature

di st ri but i Bmbalisrmyitcdidugdtair a tdondutiivenfBrmasletdizedninaphicet off Anf ¢nengys
formed, in the same nmanner as the foregoi ng Enbodinent 1, on the

i nsul at i ngabsyder khd abyeletasireuarnans grhSvd. thtbegk aheeron ductivs efting doduct or
thin filmwas etched without performng a Iithography step. Consequently,
as is the gazetivdlytHedtifelabefoitaguifapedi ment 1, a sem conductor thin film
with a predeternmned pattern can be formed at |ow tenperatures (see Fig.
12). In addit Pl@t S$hnGhe' Sah®e NBhnlEFEES Athe tfé_r@@ﬁ{l?r Mribédihfte@r @phy st ep

15 conventionall'y required when patterning a thin fil'm the nunber of
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insulating layer of Si0g, SiNy, or the like is formed.

Further, with the substrate being heated, a semiconductor thin film
10 made of an a-Si thin film is formed on the insulating layer by, for example,
plasma enhanced CVD.

The heating of the substrate is carried out as follows. Specifically, an
electric current application portion is connected to the conductive films so as
to pass an electric current through the conductive films. When an electric

15 current is passed through the conductive films, the conductive films release
electrical energy as heat. Thus, regions in the vicinity of the conductive
films have a higher temperature than other regions where the conductive
films are not provided. When this temperature distribution is observed as
the basis for the substrate temperature, roughly, such a temperature

20 distribution as to be shown by the solid line in Fig. 10(a) is obtained. The
substrate temperature in regions where the conductive films are present is
set, as is the foregoing Embodiment 1, to about 300°C.

Furthermore, the electric current to be applied to the conductive films
is applied preferably in a pulsed fashion (intermittently), as is the foregoing

25 Embodiment 3 (see Fig. 11).



-Enbodi mnent 4 A nethod of fabricating a thin filmaccording to Enbodi nent 4
is 25 different froma nmethod of fabricating a thin filmaccording to the
foregoi ng 34 Enbodinent 2 in that a conductive filmis utilized in place of
-an energy absorber and an electric current is passed through the
conductive filmto selectively heat the substrate surface. First, in the
same manner as the foregoing Enbodi nent353, a 5 conductive filmis forned
on a substrate by sputtering, and then patterned by any known nethod to
formconductive filns 9. Next, on the substrate provided with the
conductive films, an insulating |layer of Si02, SiN,, or the like is
formed. Furt heWithv the t berfackhsofr athe beibstrateathds hasbrg candewperatuen film
10 made of an a-Si thin filmis forned on the insulating |ayer by, for
exanpl e, @lseabationhansedicoivuctdhehhefilinngadt dffem aBisthiatfdm ss Ganmddsd out
as follows. Specifically, an electric current application portion is

connect ed LPiRdgam@NHYAKEY 8s thé TEregfirSEnibodp@sat 20 ofll thetinkal atitig Biyler
t hrough the conductive filns. Wen an electric 15 current is passed through

the conducj) -bt oNdUiGideyBehtlyMas B €8S ¢ast! Refl ithal foesgsisly as
heat . Thusf,’*\rqgé‘{ginés&}lﬁét e viclini tegl Sf ?‘hesconduct ia\?e filmns havée@; Ei gher
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provi erature distribution I's observed as the basis for
(7 St RS R ond AR Ay By TSR i e
tenperature | 0 @HnINsa Yatletn Wik foRdct ' ve filnms are present is
As described above, according to a method of fabricating a thin film of
the present embodiment, it is not necessary to perform a lithography step
i0 conventionally required when patterning a thin film, and thus the number
of fabrication steps is reduced, resulting in a reduction in costs. Moreover,
when an a-Si thin film formed by a method of fabricating a thin film
according to the present embodiment is applied to a thin film transistor, the
thin film transistor, as is the case with the foregoing Embodiment 1, which

15 has high mobility and high quality and achieves a reduction in leakage

current in an OFF state, can be obtained.

Embodiment 5
Embodiment 5 of the present invention is described below. Figs. 13(a)
20 and 13(0) are cross-sectional views showing the fabrication steps of a
semiconductor thin film according to the present embodiment.
First, on a substrate 1, a precursor film of energy absorbers 21 is
formed by sputtering or the like, and then the film is patterned in a
predetermined pattern to form the energy absorbers 21. The energy

25 absorbers 21 have basically the same function as energy absorbers described



.set, as is the foregoi ng Enbodi nent 1, to about 300C. Furthernore, the
electric current to be applied to the conductive filnms is applied
preferably in a pulsed fashion (intermttently), as is the foregoing 25
-Enbodi nent 3 (see Fig. 11). 35 Wth the surface of the substrate thus
having a tenperature distribution, a sem conductor thin filmnmade of an
a-Si thin filmis formed, in the sanme36anner as the foregoi ng Enbodi nent
2, on the insulating layer by |ow pressure CVD. Consequently, as is the
case with the foregoing 5 Enbodinent 2, the a-Si thin filmis deposited
only in regions above and in the vicinity of the conductive filns, and
thus a semcahdufaregoingi Enihddimenthl. aInr additonyi thed epargerabsaelersod bed. As
descri bed above, according to a nethod of fabricating a thin filmof the
present enbanidieg to the presaot embodisentyatcompetef frmexamplehofjanplpedypp 10
conventionally required when patterning a thin film and thus the nunber of
fabri cati ogf wleeslsselecteé disir dhe ieesup comgisiing af Nig Pdt PopAgnacd £l sor dbawover ,
when an a-Si thin filmfornmed by a nethod of fabricating a thin film

accor di ng 40o¢ BshtRLENStwEPARrEBAles 6f PRIliselbctéd frobhhtle kamegroapsi st or,
the thin fil'mtransistor, as is the case with the foregoi ng Enbodi nent 1,

whi ch 15 has hj g, pah isidtl:ix:t ﬁaﬁmﬂaﬂym&ﬂeu% At 1e%85sail1edy Ibiana i

| eakage current 1 n an state, can be obtained. Enbodi mrent 5 Enbodi nent
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thin film \%cft(floraq{ %bﬁ&a%@esﬂc%s%ﬂ&'eﬁgmgéﬂre NYp addition, for a patterning
method, photolithography, for example, can be employed.

Next, after the energy absorbers 21 have been patterned, light is
10 irradiated intermittently onto the entire surface of the substrate 1 from the
other side of the deposited surface of the substrate 1, so as to heat the
substrate such that the substrate temperature in regions in the vicinity of
the surfaces of the energy absorbers 21 is about 400°C. In this state, first
semiconductor thin films 22 are formed by low-pressure CVD. At this point,
15 the surfaces of the energy absorbers 2 have a higher temperature than
regions on the substrate 1 where the energy absorbers 21 are not provided.
Thus, the surfaces of the energy absorbers 21 have a higher deposition rate
than regions on the substrate where the energy absorbers are not provided,
making it possible to form the first semiconductor thin films 22 only on the
20 surfaces of the energy absorbers 21. Here, examples of the first
semiconductor thin film 22 include an a-Ge film and an a-SiGe film. In
addition, examples of a flux used in thermal CVD for forming such films
include GeH4 gas and SizHs gas. Furthermore, the film thickness of the

first semiconductor thin film 22 should be in the range from about 10 to 50

25 nm.



.First, on a substrate 1, a precursor filmof energy absorbers 21 is forned
by sputtering or the like, and then the filmis patterned in a
predeterm ned pattern to formthe energy absorbers 21. The energy 25
-absorbers 21 have basically the sanme function as energy absorbers descri bed
36 in the foregoing Enbodinent 1. In addition, the energy absorbers 21
according to the present enbodi nent are&made, for exanple, of any one type
of netal selected fromthe group consisting of Ni, Pd, Pt, Ag, and A, or
of an alloy containing two or nore types of netal selected fromthe sane
group. 5 A pattern is not particularly limted, and thus it is possible to
forma plural Stupsajuenitly, enctlyy sabstoatee i sartdl onnthef firsteseampbrduetod dhiwr
stripe pattern wth an arbitrary space therebetween. In addition, for a

pat t er ni NgAIMERI20E, sdeball Gehntibewdwdiby thimofilm a8 iaele, €aneanplylofyada-Siext ,
after the energy absorbers 21 have been patterned, light is 10 irradiated
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side of the deposited surface of the substrate 1, so as to heat the
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semiconductor thin films 22 as the initial growth nucleus. Further, by the

10 effect that the first semiconductor thin films 22 are the starting point of
solid phase growth, crystal growth in the lateral direction (lateral growth)
occurs. Thereby, single crystal regions 24 with a grain size of about 2 to 3
pm are created in the vicinity of the first semiconductor thin films 22 being
the center of the regions. Regions other than the single crystal regions 24

15 remain in an amorphous state. The first semiconductor thin films 22
become the initial growth nucleus because the first semiconductor thin films
22 have a lower melting point than the second semiconductor thin film 23.

In addition, the energy absorbers 21 serve as a catalyst for reducing the
potential barrier so as to crystallize the second semiconductor thin film 23.

20 Here, the second semiconductor thin film 23 is a semiconductor thin film
preferably with a higher melting point than the first semiconductor thin
films 22. This is because when crystallizing the second semiconductor thin
film 23, by allowing crystallization to first begin at the first semiconductor
thin films 22 with a low melting point, the first semiconductor thin films 22

25 can function as the initial growth nucleus. Further, the second



.sem conductor thin film22 include an a-Ge filmand an a-SiGe film 1In
addition, exanples of a flux used in thermal CVD for formng such filns

i nclude GeH4 gas and Si 2H6 gas. Furthernore, the filmthickness of the
‘first sem conductor thin film 22 should be in the range from about 10 to 50
25 nm 37 Subsequently, on the substrate 1 and on the first sem conductor
thin filnms 22, a second seniconductor 3hin film 23 made, for exanple, of
an a-Si thin filmis forned. The second sem conductor thin film 23 can be
deposited by, for exanple, plasma enhanced CVD or |ow pressure CVD. 5
Moreover, the filmthickness of the second sem conductor thin film 23

shoul d be bemidvaduatgyethindina@3dus paeferablyonadenof Repateraal diffezemivirommari g.
13(b), the second sem conductor thin film23 is heat treated and

crystal | i zathtembé for thsd ikt gahicondhictostthivedilms 22. t Hisf isrlsdcausemleonduct or
thin filnms 22 as the initial growh nucleus. Further, by the 10 effect that

the first sp¥hCddlchade Wfi thef hboFe-desaritrdt heetal ds tutidzebifor thé ersaigyd
phase growth, crystal growth in the lateral direction (lateral growh)
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3 gmare created in the vicinity of the first sem conductor thin filns 22
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regi ons 24 remain in an anorphous state. The first sem conductor thin

films 22 pﬁ%gﬁﬁ%zs}gfa Rl %ja@dn(prs%%@om&flstﬁn@ﬁcﬁ#ﬁe 2t3h‘3a13i betpRSeheanduct or

thin filns a “Tower nelting point than the second seni conductor
L et A G b SRR B B PR e
sem Condch%nOz{deto. anaiﬂor{r] gg’ used for the energy absorbers 21. Note that for heat
treatment conditions, for example, the treatment temperature can be set to
10 550 to 600°C and the treatment time can be set to 3 hours or more.

The second semiconductor thin film 23 can also be crystallized by
intermittently irradiating excimer laser to the energy absorbers 21 and
regions in the vicinity of the energy absorbers 21, instead of performing the
above-described heat treatment. In this case, the irradiated first

15 semiconductor thin films 22 melt to the liquid phase once, and as
liquid-phase regions expand around the semiconductor thin films in the
lateral direction, crystallization proceeds. Thereby, the single crystal
regions 24 are formed in which the crystals have been grown to about 4 to 5
pm in size. In the cooling process after irradiation, solidification proceeds

20 within the range of laser shot irradiation (.e., the single crystal regions 24),
from the outer to the inner.

The single crystal region 24 thus obtained is a very high performance
thin film. When the single crystal region 24 is applied, for example, to the

channel portion of a TFT, the TFT with high mobility can be obtained.

25 Such a TFT can be applied not only to an active matrix liquid crystal display



-20 Here, the second sem conductor thin film23 is a sem conductor thin film
preferably with a higher nelting point than the first sem conductor thin
films 22. This is because when crystallizing the second sem conductor thin
“film23, by allowing crystallization to first begin at the first

sem conductor thin filns 22 with a low nelting point, the first

sem conductor thin filnms 22 25 can funa9on as the initial growth nucl eus.
Further, the second 38 sem conductor thin film23 is preferably nade of a
material different froma material for the first sem conductor thin filns
22. This is because when a netal filmmade of the above-described netal is
utilized foapable efheeaizing s biglerdefddtion displkaiyohusfalsedoap dnalt-iae deivebed
metal into the second 5 sem conductor thin film 23 caused by heat treatnent
per for med tircuitciny stkichi kighgspjded speratmns esrideorandedor Inhadditidoym si®@hcan be
prevented. Moreover, in view of the prevention of diffusion, it is

pr ef er abl eTEREarbé appliedad anoérgani@Rlodeie iiswiiidlon THE fenangyntidseeber s
21. Note that for heat treatnent conditions, for exanple, the treatnent

t enper atur%f@iﬁimmhéﬁxeﬂgoﬁ%.to 600C and the treatnent tine can be set
to 3 hours or nore. The second sem conductor thin film 23 can al so be

crystallized bNé)tje Ph Sl Ad ﬁfé&%hﬁ et ht HE?&i‘H‘eidnﬁ'i ekaffple tRat BSpBAERTY

absorbers 21 an regions 1n the vicinity of the energy absorbers 21,

e ! R RO g BT 5 SO SP SRR PR
Phaoe, Oncey e AU BVARHSE RIS RARIRIN T IS B ARRE L
;? gwii tn gl gggbfyszgaltlae eo% %?Sfa%di'ic%rtlengf % Tﬁ?ni EhﬁNh E'u(::c%r hneg GoYthé ﬁ)rgé’o\{ﬁgb een
Embodiment 2.
10
Embodiment 6
Embodiment 6 of the present invention is described below.
Figs. 14(a) and 14(b) are cross-sectional views showing the fabrication
steps of a semiconductor thin film according to the present embodiment.
15 First, in the same manner as the foregoing Embodiment 5, on a
substrate 1, energy absorbers 21 with a predetermined pattern are formed.
Then, an insulating layer 26 is formed by plasma enhanced CVD.
Subsequently, light is irradiated intermittently onto the entire surface
of the substrate 1 from the other side of the deposited surface of the
20 substrate 1 to heat the substrate such that the substrate temperature in
regions in the vicinity of the surfaces of the energy absorbers 21 is about
400°C. In this state, first semiconductor thin films 22 are formed by
low-pressure CVD. At this point, regions above and in the vicinity of the
energy absorbers 21 in the insulating layer 26 have a higher temperature

25 than other regions. Thus, the first semiconductor thin films 27 are formed



-pmin size. In the cooling process after irradiation, solidification
proceeds 20 within the range of |aser shot irradiation (i.e., the single
crystal regions 24), fromthe outer to the inner. The single crystal
-region 24 thus obtained is a very high performance thin film Wen the
single crystal region 24 is applied, for exanple, to the channel portion
of a TFT, the TFT with high nobility cat0 be obtained. 25 Such a TFT can be
applied not only to an active matrix liquid crystal display 39 capable of
realizing a high definition display, but also to a built-in drive circuit
i n which high-speed operation is demanded. In addition, such a TFT can be
appl i ed t oonly @i ghesarfatesief/threenergwibshrierFr2. f dlexeyexamples of/the fiest
required in the pixel portion. 5 Note that the present enbodi nent descri bed

an exanpl esg¢higdondptorethia filtt HPpdnoudeadnt il filmaandian ti$ifteatitrar dilng to
t he foregoi ng Enbodi nent 2; however, the present invention is not l[imted

thereto. |43i8idH Skahasish Wfea ux ABRA YindHBHQACVD f@abfdrédhingnch fiing film
according to the foregoing Enbodinent 2. 10 Enbodi nent 6 Enbodi ment 6 of

the pr esen{nélﬁ'ﬁ{é‘ A g?ﬁ AP Siitpedake! prtiferatore 1 fhfilan dhikknlss af ghe

cross-sectional views ow ng the ftabrication steps of a sem conductor

thin fjilm ﬁ%&%%f%g%&gctfoﬁhﬁgﬁﬁﬁm%ﬂ‘aﬁgd BERh théTahlb Srom! dbdulteL (s 8gTBomMRNNET
as the foregoing odinent 5, on a substrate 1, energy absorbers 21 with
a predeterm ned pattern are formed. Then, an insulating |layer 26 is forned

by pl asnma Bfhanced owp.

Subsequently, on the substrate 1 and the first semiconductor thin films
27, a second semiconductor thin film 28 made, for example, of an a-Si thin
film s formed. The second semiconductor thin film 28 can be deposited by,
10 for example, plasma enhanced CVD or low-pressure CVD. Moreover, the
film thickness of the second semiconductor thin film 28 should be in the
range from about 30 to 100 nm.
Moreover, as is shown in Fig. 14(b), the second semiconductor thin film
98 is irradiated with excimer laser 25 and crystallized. The crystallization
15 begins, as is the foregoing Embodiment 5, at the first semiconductor thin
films 27 as the initial growth nucleus, and lateral growth occurs on the first
semiconductor thin films 27 as the starting point of solid phase growth.
Further, in the cooling process after irradiation, solidification proceeds
within the range of laser shot irradiation (i.e., the single crystal regions 29),
20 from the outer to the inner. As a result, as is the foregoing Embodiment 5,
single crystal regions 29 with a grain size of about 4 to 5 pm can be formed
in the second semiconductor thin film 28. Note that regions other than the
single crystal regions 29 remain in an amorphous state.
The single crystal region 29 thus obtained is a very high performance

25 thin film. When such a region is applied, for example, to the channel



-Subsequently, light is irradiated intermttently onto the entire surface

of the substrate 1 fromthe other side of the deposited surface of the 20
substrate 1 to heat the substrate such that the substrate tenperature in
‘regions in the vicinity of the surfaces of the energy absorbers 21 is about
400C. In this state, first sem conductor thin filnms 22 are fornmed by

| ow- pressure CVD. At this point, regiond above and in the vicinity of the
energy absorbers 21 in the insulating |ayer 26 have a hi gher tenperature 25
than ot her regions. Thus, the first sem conductor thin filnms 27 are forned
40 only on the surfaces of the energy absorbers 21. Here, exanples of the
first ~senpostivuof arTERi thef TFH withi mghuaebditycagebd pbtainad. ahleacsiitdsfi| m
In addition, exanples of a flux used in thermal CVD for form ng such filns
i ncl ude CGepYssiible 80 providtdd agaFT Rpplicableote, art reetiviel mathixc kigusd aystahe 5
first sem conductor thin film27 should be in the range from about 10 to 50
nm  Subseqygmay caPiblt W rédksinzad Bigh definithen Hispdsy aadi £ OFdUstivabkehion fil ns
27, a second sem conductor thin film 28 nade, for exanple, of an a-Si thin

filmis foﬁﬂﬁgmg v8SG0de SR RRHUGHEE-sbbéd dicritidd earidmaiéabsi Led by,

10 for exanp asma enhanced CVD or | ow pressure CVD. Mreover, the

il mGhi ckngasidl shPR SPRIMAHILGARENES ah drBhRid ELMRGShowWddpa Tt he

range “f rom abou ver, as is shown in Fig. 14(b), the
second senj.conduct.ok .t hin £d with exciner |aser 25 and

il .
crystal | | 288 CUFREINLE & ﬁ(lkué%rgldo%l t}ﬁquib%%?g*s@ as is the foregoing

Enbodi nent 5, the first sem condyct or i nafiqd L it

growt h nucl eus,ﬁltogq]gxqta%%esaﬁ) 0 ﬁlrlgagénm%%g #E?F %%m?&e th: hﬁ&ﬁé&iﬁ
method of fabricating a thin film according to the foregoing Embodiment 2;
however, the present invention is not limited thereto. It is also possible to

10 apply a method of fabricating a thin film according to the foregoing

Embodiment 2.

The present invention is described in more detail below with reference

to the examples; however, the present invention is not limited thereto.

15
Example 1
Example 1 is such that a method of fabricating a thin film according to
the foregoing Embodiment 1 is applied to the fabrication of a thin film
transistor. Fig. 15 is a plan view schematically showing an apparatus for
20 fabricating a thin film transistor used in Example 1. Fig. 16 is a

cross-sectional view schematically showing a plasma enhanced CVD system
used in Example 1. Figs. 17(a) to 17(e) are cross-sectional views for
illustrating the fabrication steps of a thin film transistor according to

Example 1.

25 First, an apparatus for fabricating a thin film transistor used in



-sem conductor thin filnms 27 as the starting point of solid phase growt h.
Further, in the cooling process after irradiation, solidification proceeds
within the range of laser shot irradiation (i.e., the single crystal
‘regions 29), 20 fromthe outer to the inner. As a result, as is the
foregoi ng Enbodinent 5, single crystal regions 29 wth a grain size of
about 4 to 5 gmcan be forned in the se@cond sem conductor thin film 28.
Note that regions other than the single crystal regions 29 remain in an
anor phous state. The single crystal region 29 thus obtained is a very high
performance 25 thin film Wen such a region is applied, for exanple, to
t he channeEx4iert ideskitedl FThis HabiiEdtion tapphirgtusnbbs,| as ghewn ivelig.
obtained. Hence, it is possible to provide a TFT applicable to an active
mat ri x | i qykda Ghyis-dhamBes phreligwapihl & whideatduaidg plasinglendiaiicad (0D
display and a TFT suitable for built-in drive circuit in which high-speed

operation ngaﬂsaplmﬂ Al fornd@ihd hi¥hnsy 8hadod& hndaimipada@pULS dhhmbn

organic EL device in which a TFT for current drive is required in the

pi el por t5on,, Mgk NFhubRC(@BFNta SBRPMLIRNLhaA%EE S0l AiREHiAE! Nat

applied a ne abricating athin filmaccording to the foregoing

oS PSRN VAL A Bl BRI
detai | bel BT AperarEyD RARpRESITih s B VREIT “The present ¢
|nvention s nfrE t“e nglgs?rgater}l ra%[cgd &%Eéﬁg%bgr J31, a thin film is formed on a
substrate 1 by plasma enhanced CVD. More specifically, as shown in Fig.
16, the plasma enhanced CVD chamber 31 includes a reaction chamber
10 (reaction vessel) 38, a holder 39 for holding the substrate 1, a gas supply
tube (supply portion) 40 for supplying a source gas to the inside of the
reaction chamber 38, an exhaust tube 41 for exhausting gas from the
reaction chamber 38, a halogen lamp (electromagnetic wave irradiation
portion) 42 provided outside the reaction chamber 38, a viewport 43 for
15 transmitting light generated from the halogen lamp 42, an upper electrode
44, and a lower electrode (reaction excitation portion). The viewport 43 is
made, for example, of quartz or glass.
The L/UL chamber 33 transfers the substrate 1 in and out from the
outside via the gate valve 32. The cassette station 34 stores a cassette.
20 The cassette stores a plurality of the substrates 1. In the sputtering
chamber 35, a thin film is formed on the substrate 1 by sputtering. In the
etching chamber 36, the thin film formed on the substrate 1 is removed.
The substrate 1 is transferred in and out between the chambers by a
substrate transport means 37 such as a robot.

25 Using an apparatus for fabricating a thin film transistor having an



-Exanple 1 is such that a nethod of fabricating a thin filmaccording to
the foregoing Enbodiment 1 is applied to the fabrication of a thin film
transistor. Fig. 15 is a plan view schematically show ng an apparatus for
-20 fabricating a thin filmtransistor used in Exanple 1. Fig. 16 is a
cross-sectional view schematically show ng a plasma enhanced CVD system
used in Exanple 1. Figs. 17(a) to 17(e)ddre cross-sectional views for
illustrating the fabrication steps of a thin filmtransistor according to
Example 1. 25 First, an apparatus for fabricating a thin filmtransistor
used in 42 Exanple 1 is described. This fabrication apparatus has, as shown
in Fig. 1apparatuistdonfigamieon sookiaguhat idesciibedvabeye,s thimdfikn dramsistor
enhanced CVD chanber (thin filmformation neans) 31, a | oad and unl oad
(L/UL) chaaberdirdBto Bxaaghetitwasfatricated @ $ll@G4s. a sputtering chanber 35,
and an etching 5 chanber (etching neans) 36 are provi ded, each being

connected to tg.stphauhetReanaedleMDa ghashenbitatd was tgahspordéddo3he I n
t he pl asnma enhanced CVD chanber 31, a thin filmis fornmed on a substrate 1

by pl asma C\@/%Hﬁ@ﬂ% ENBPmb¥er 85SP@Citd Gabktrat@strafoyerti mdang. 3716, Id hepl asma

enhanced chanmber 31 includes a reaction chanber 10 (reaction vessel)

38, ahol ggﬁlﬁégnfn%r cﬁghlq)ie'ilg35,h% SHOSH Bl Mpade DRSMRURPAY cohbE disuBB! Y
or sapp

porti on) ylng a source gas to the inside of the reaction

chanber 385\1@&?{5{%3@ Isgggt%ngg.f %he%gﬁggitﬂh%%@a B WaES att&del ANa

chanber 3877& _ ectronmagneti c wave irradiati'on portion) 42
ST K MURE TN e s
Subsequently, the substrate 1 having formed thereon the gate electrode 51
was transported to the plasma enhanced CVD chamber 31 by the substrate
10 = transport means 37, and a gate insulating layer 52 made of SiNx was formed
on the substrate 1 by plasma enhanced CVD (see Fig. 17(a)).
Then, using the halogen lamp 42, light was irradiated intermittently
onto the substrate 1 from the other side of the deposited surface. Here, the
surface temperature of the gate insulating layer 52 in a region above the
15 gate electrode 51 was set to about 300°C. In addition, using SiHj gas as a
source gas, an a-Si thin film was formed on the gate insulating layer 52 by
plasma enhanced CVD. In the a-Si thin film thus formed, portions above
and in the vicinity of the gate electrode 51 had such film properties that
contain few SiH:2 bonds, while other portions had such film properties that
20 contain numerous SiHz bonds.
Moreover, the substrate 1 was transported to the etching chamber 36
and the a-Si thin film was etched by hydrogen plasma treatment so as to
selectively remove the portions with such film properties that contain
numerous SiHz bonds. Thereby, as is shown in Fig. 17(b), a semiconductor

25 thin film 53 with a predetermined pattern was formed.



-44, and a |l ower electrode (reaction excitation portion). The viewport 43 is
made, for exanple, of quartz or glass. The L/UL chanber 33 transfers the
substrate 1 in and out fromthe outside via the gate valve 32. The
"cassette station 34 stores a cassette. 20 The cassette stores a plurality
of the substrates 1. In the sputtering chanber 35, a thin filmis forned on
the substrate 1 by sputtering. In the 4tching chanber 36, the thin film
formed on the substrate 1 is renoved. The substrate 1 is transferred in
and out between the chanbers by a substrate transport nmeans 37 such as a
robot. 25 Using an apparatus for fabricating a thin filmtransistor having
an 43 appar at ublegonén ghe ataite insulabingsl aybats 2desd théedmatamdcter thinnfibm| m
transi stor accordlng to Exanple 1 was fabricated as follows. First, a
substrate Z3nRERNQifils GadTormuddyrEhemeeentdred@VDethd théhpattepned byi ng
chanber 35 by the substrate transport neans 37. In the 5 sputtering

chamber %dlﬁhahiﬂﬂﬂm% &Eh%n%a@%tﬁﬁl Riyet 3@, substrate 1 by

sputteri ng erea the netal filmwas patterned in a predeterm ned

pattern by phOSﬁbgéM nggwl iR EAMBulAifs Thest 520 Sdemicoudsetyieiihy, the
or

substrate 1 having theredn the gate electrode 51 was transported to
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channel passivation layer 54, thereby forming an n* a-Si thin film 55° (see
Fig. 17(d).

10 Then, a metal film made of Mo was coated by sputtering and then
patterned in a predetermined pattern by photolithography to form a source
electrode 56 and a drain electrode 57 (see Fig. 17(e)).

Thus, a channel passivation type thin film transistor according to

Example 1 was fabricated.

15
Example 2
Example 2 is such that a method of fabricating a thin film according to
the foregoing Embodiment 1 is applied to the fabrication of a thin film
transistor. Note that a thin film transistor according to Example 2 is
20 different from a thin film transistor according to the foregoing Example 1 in

that the thin film transistor is of a channel etch type. Figs. 18(a) to 18(c)
are cross-sectional views for illustrating the fabrication steps of a thin film
transistor according to the present example.

First, in the same manner as the foregoing Example 1, a gate electrode

25 51 was formed, and then further a gate insulating layer 52 made of SiNx



-15 gate el ectrode 51 was set to about 300C. In addition, using Si H4 gas as
a source gas, an a-Si thin filmwas fornmed on the gate insulating |ayer 52
by plasma enhanced CVD. In the a-Si thin filmthus formed, portions above
"and in the vicinity of the gate el ectrode 51 had such film properties that
contain few Si H2 bonds, while other portions had such filmproperties that
20 contain nunerous SiH2 bonds. Moreoves, the substrate 1 was transported
to the etching chanber 36 and the a-Si thin filmwas etched by hydrogen
plasma treatnment so as to selectively renove the portions with such film
properties that contain nunerous SiH2 bonds. Thereby, as is shown in Fig.
17(b), a semkfondod(swe Fiz518Gh film53 with a predeterm ned pattern was
formed. 44 Next, on the gate insulating |layer 52 and the sem conductor thin

film 53, a Si N@xf i ifheSahty Meshier Bk abeefoeepengelxaplarid dohéhe mateer ned
by photolithogr aphy to forma channel passivation |ayer 54. Subsequently,

on the gatﬁléu'téﬁhgtl gr | 8 €60 52-Sit fifinS BMnC WUESGNed Ml thehi bghdd, band t he

channel passwatl ayer 54, an a-Si thin film55 was forned by plasna

enhanced: QYD andyt feRnatdatAed: by BAALALLIIAMAREY: AL 5B (ob(Fip).

Furt her, n re-l ]1ant fromthe top of the channel passivation

| ayer 54 {lgﬁf)fby formng an n+ a-Si thin film5b55 (see Fig. 17(d)). 10
Then, |Im made of M was coat ed by sputtering and then patterned
in a predet er i,

ern.b h I trode
56 and a drain Plé’c 3%38 g\%e&%@% ?(8]? 5? Mdrttt\lges SQﬁl%(ﬁ‘annglcpasm I\?gtl on
type thin I’;él AR a-8t' %luSthm%:gg oqlme% By plasma enhanced CVD, and thereafter,

n*ions were implanted from the top of the a-Si thin film, thereby forming an
n* a-Si thin film. Further, on the n* a-Si thin film, a metal film made of a
10 Ti-Al layered film was formed. Subsequently, the n* a-Si thin film and the
metal film were patterned, by photolithography, in a predetermined pattern
so as to form an n* a-Si thin film 61, a source electrode 62, and a drain
electrode 63.
Moreover, a SiN, layer was formed to cover the semiconductor thin film
15 53, the n* a-Si thin film 61, the source electrode 62, and the drain electrode
63, and then patterned by photolithography to form a passivation layer 64.
Thus, a channel etch type thin film transistor according to Example 2

was fabricated.

20 Example 3
Example 3 is such that a method of fabricating a thin film according to
the foregoing Embodiment 2 is applied to the fabrication of a thin film
transistor.
First, in the same manner as the foregoing Example 1, a gate electrode

25 51 was formed, and then further a gate insulating layer 52 made of SiNx



-Exanple 1 was fabricated. 15 Exanple 2 Exanple 2 is such that a nethod of
fabricating a thin filmaccording to the foregoing Enbodinent 1 is applied
to the fabrication of a thin film transistor. Note that a thin film
“transi stor according to Exanple 2 is 20 different froma thin film

transi stor according to the foregoing Exanple 1 in that the thin film
transistor is of a channel etch type. Hegs. 18(a) to 18(c) are
cross-sectional views for illustrating the fabrication steps of a thin film
transi stor according to the present exanple. First, in the sane manner as
the foregoing Exanple 1, a gate electrode 25 51 was forned, and then
further a gat€imed(seilng. 12y 52 made of SiN, X 45 was formed (see Fig.
18(a)). Next, in the sanme nmanner as the foregoing Exanple 1, on the gate

i nsul ating | ayqexH2n the sany miahiner fas! thievlase dodn grdtk aanplet hamsieg ahtealopyn
hydrogen plasnma treatnent to forma sem conductor thin film53 (see Fig. 5

18(b)). Thgfyp, Oth’ﬂew9§t1?rdcﬁ§ﬂé|daiﬂt@9m|1ﬁ¥ﬁﬂy58nﬁﬁ(ﬂhé heibserdteondieinothé hi n
film 53, an a-Sr thin filmwas forned by plasma enhanced CVD, and

thereafterqy, Pkig %? tﬂ@r(ﬁgogﬁh@%ﬁf’a&r omdree thORuefackN@nipedathid Bf thé m

therebyformng an n+ Infilm Further, on the nt a-Si thin film a
metal .film deo fiblo the n+
a-Si Phin §4 mgnc?t?ﬁ%?a%rtﬂ +%y%§grrledbpa tern%agér%gctlﬁwg? %E?gﬁ%y in
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el ectrode
film was deposited, by low-pressure CVD, only in regions of the gate

insulating layer 52 above and in the vicinity of the gate electrode 51 (see Fig.
17(b)).
10 Then, in the same manner as the foregoing Example 1, a channel
passivation layer 54, an n* a-Si thin film 55’, a source electrode 56, and a
drain electrode 57 were formed (see Fig. 17(e)).
Thus, a channel passivation type thin film transistor according to

Example 3 was fabricated.

15
Example 4
Example 4 is such that a method of fabricating a thin film according to
the foregoing Embodiment 2 is applied to the fabrication of a thin film
transistor. Note that a thin film transistor according to Example 4 is
20 different from a thin film transistor according to the foregoing Example 3 in

that the thin film transistor is of a channel etch type.
First, in the same manner as the foregoing Example 2, a gate electrode
51 was formed, and then further a gate insulating layer 52 made of SiNy

was formed (see Fig. 18(a)).

25 Next, in the same manner as the foregoing Example 1, using a halogen



-el ectrode 63. Mdireover, a SiN,, layer was forned to cover the sem conduct or
thin film 15 53, the nt a-Si thin film®6l, the source el ectrode 62, and
the drain electrode 63, and then patterned by photolithography to forma
“passivation | ayer 64. Thus, a channel etch type thin filmtransistor
according to Exanple 2 was fabricated. 20 Exanple 3 Exanple 3 is such that
a method of fabricating a thin filmacethrding to the foregoi ng Enbodi nent
2 is applied to the fabrication of a thin film transistor. First, in the
sanme manner as the foregoing Exanple 1, a gate electrode 25 51 was forned,
and then further a gate insulating Iayer 52 made of SIN, 46 was forned (see
Fig. 17(a))amplelighti was hiersdiatedrmntemisentlye ohts dhei substxateplefrom dbeng a
hal ogen lanp, light was irradiated intermttently onto the substrate 1
fromthe gfherside df thfe désosiiedosinifack. s Uléng eheHanéace tamperaftace of the
tenperature of the 5 gate insulating layer 52 in a region above the gate

el ectrode p &te"‘ﬁx%u?@tﬁn%Qay&bggtm@g&mﬁmm Edte alsttredSisaHRaget 28 a
source gas, an a-Si | mwas deposited, by |ow pressure CVD, only in

regions of ;fhe g 'S‘@bﬁe?;h‘eﬁ (yb)ﬁgéﬁfg SLIRLEYE a3 Ndsdikck sy @l BiSiVtheh the

gate el ectrode 5 (see Fi g. 10 Then, in the sane manner as the

f I fil
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55', a source Sl%ec were formed (see Fig.

17 e) ). insulating layer 52 above and in the vicinity of the gate electrode 51 (see Fig.
18(b)).

Subsequently, in the same manner as the foregoing Example 2, on the

gate insulating layer 52 and the semiconductor thin film 53, an n* a-Si thin

10 film was formed, and then on the n* a-Si thin film a metal film made of a

Ti-Al layered film was formed. Further, the n* a-Si thin film and the metal

film were patterned in a predetermined pattern by photolithography so as to

form an n* a-Si thin film 61, a source electrode 62, and a drain electrode 63.

Moreover, a passivation layer 64 was formed to cover the semiconductor thin

15 film 53, the n* a-Si thin film 61, the source electrode 62, and the drain
electrode 63.

Thus, a channel etch type thin film transistor according to Example 4

was fabricated.

20 Examples 5 to 8
Thin film transistors according to Examples 5 to 8 correspond to thin
film transistors according to the foregoing Examples 1 to 4, respectively, and
have the same configurations as their corresponding thin film transistors.
Note, however, that the fabrication methods for the thin film transistors

25 according to Examples 5 to 8 are different from those for the thin film



-Thus, a channel passivation type thin filmtransistor according to Exanple
3 was fabricated. 15 Exanple 4 Exanple 4 is such that a nmethod of
fabricating a thin filmaccording to the foregoing Enbodinment 2 is applied
"to the fabrication of a thin film transistor. Note that a thin film

transi stor according to Exanple 4 is 20 different froma thin film

transi stor according to the foregoing Bg8nple 3 in that the thin film
transistor is of a channel etch type. First, in the sane manner as the
foregoing Exanple 2, a gate electrode 51 was forned, and then further a
gate insulating layer 52 nade of SiNX was forned (see Fig. 18(a)). 25
Next, in thensstersmacnedingsts Exahgylegdi trig4 Erathaitehe, subsitrajessurhaesgwas47
lanp, light was irradiated intermttently onto the substrate 1 fromthe

ot her si desglbctiteydrmesd bedssirfeae eldderie cutfent shréwglethegper decredes, t he
gate insulating layer 52 in a region above the gate el ectrode 51 was set to

about 400G, pupsefHSAllHindBERG Si 2H6 gas as a source gas, an a-Si thin 5
filmwas deposited, by | owpressure CVD, only in regions of the gate

i nsul ating layer 52 above and in the vicinity of the gate electrode 51 (see
Fig. 18(b)). Subsequently, in the sane manner as the foregoi ng Exanple 2,
on Fh% ~gate insulating |ayer 52 and tghg sgigonductor thin film53, an n+
a-Si thin 10 filmwas formed, and then on the n+ a-Si thin filma netal

filmmade of ﬁggigfn%lle |96%esru%ﬂ tinialtqi‘fﬁ%ﬁl(té)ﬁﬁfa%ricﬁ'ﬁrntghﬁ”thh{ ﬁﬁnrh*'cc@f(ﬁhgttbi n

filmand the
the foregoing Embodiment 1 is applied to the fabrication of a thin film

transistor. Note that a thin film transistor according to Example 9 is
different from a thin film transistor according to the foregoing Example 1 in
10 that the thin film transistor is of a top-gate type. Figs. 19(a) to 19(d) are
cross-sectional views for illustrating the fabrication steps of a thin film
transistor according to Example 9.
First, as is shown in Fig. 19(a), a metal film made of Mo was deposited
on a substrate 1 by sputtering. This metal film was patterned by
15 photolithography to form a source electrode 71 and a drain electrode 72.
Next, using a halogen lamp, light was irradiated intermittently onto
the substrate 1 from the other side of the deposited surface. Here, the
surface temperatures of the source electrode 71 and the drain electrode 72
were set to about 300°C. Further, using SiHs gas as a source gas, an a-Si
20 thin film was formed, by plasma enhanced CVD, on the substrate 1, the
source electrode 71, and the drain electrode 72. In the a-Si thin film thus
formed, portions covering the source electrode 71 and the drain electrode 72
had such film properties that contain few SiHz bonds and other portions had
such film properties that contain numerous SiH2 bonds. Moreover, n* ions

25 were implanted in the a-Si thin film, thereby forming an n* a-Si thin film.



-filmwere patterned in a predeterm ned pattern by photolithography so as to
forman n+ a-Si thin film®61l, a source electrode 62, and a drain el ectrode
63. Moreover, a passivation |ayer 64 was forned to cover the sem conductor
“thin 15 film53, the nt a-Si thin film®61l, the source electrode 62, and the
drain electrode 63. Thus, a channel etch type thin filmtransistor
according to Exanple 4 was fabricated.4®20 Exanples 5 to 8 Thin film

transi stors according to Exanples 5 to 8 correspond to thin film

transi stors according to the foregoing Exanples 1 to 4, respectively, and
have the sane configurations as their corresponding thin filmtransistors.
Not e, however, Subséqidmly ahiei aatd-Sin thiet fidois wiasr etchedt by rhyfdrbgent masist or s
25 according to Exanples 5 to 8 are different fromthose for the thin film

48 transi statmdat ¥diakddtd sekectivplyesehove énlynthéaportivnssubtdt rsachk Almf ace
was selectively heated by passing an electric current through the gate

el ectrodes r(giég?itesgﬁaﬁ’fzoﬂt_raﬁﬁ%ﬂﬁéﬂ%ﬁs|SiHth0nas.EX@m@i'&)39 abx@npiSe tRiv iluch

that a matRo _ ricating a thin filmaccording to the foregoing

Embodi ment ~3 dri]ih p@ﬂeidggeﬁﬁn%ﬁg)gt?ﬁﬁmi watksm&i a thin film transistor. Note
a

that a thin filmtransistor according to Exanple 9 is different froma
T e o SO RSB RRD, by Bt o
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have a predetermined pattern, thereby forming an a-Si thin film 74 (see Fig.
19(b)).
Subsequently, on the substrate 1 and the a-Si thin film 74, a gate
10 insulating layer 75 made of SiO: was formed by plasma enhanced CVD.
Further, a metal film was formed on the gate insulating layer 75 and then
patterned, by photolithography, in a predetermined pattern to form a gate
electrode 76 (see Fig. 19(c)). Note that in the case where the source
electrode 71 and the drain electrode 72 are self-aligned with the gate
15 electrode 76, the gate electrode 76 is formed preferably by backside exposure
such that the substrate 1 is irradiated with light from the other side of the
deposited surface, and by lift-off.
Finally, a passivation film 77 made of a SiN, film was formed by
plasma enhanced CVD (see Fig. 19(d)).

20 Thus, a top-gate type thin film transistor according to Example 9 was

fabricated.

(Results)
According to the methods of fabricating a thin film transistor of

25 Examples 1 to 9 described above, when forming a semiconductor thin film



-First, as is shown in Fig. 19(a), a netal film nmade of Mo was deposited on
a substrate 1 by sputtering. This netal filmwas patterned by 15
photolithography to forma source electrode 71 and a drain el ectrode 72.
“Next, using a halogen lanp, light was irradiated intermttently onto the
substrate 1 fromthe other side of the deposited surface. Here, the

surface tenperatures of the source elegyode 71 and the drain electrode 72
were set to about 300C. Further, using SiH4 gas as a source gas, an a-Si 20
thin filmwas forned, by plasma enhanced CVD, on the substrate 1, the
source electrode 71, and the drain electrode 72. In the a-Si thin filmthus
formed, possiwith aopesdeterihhted pattanelectmasle wis aeduited dndi thwd éber ode
72 had such filmproperties that contain few Si H2 bonds and ot her portions
had such fiihipeR! SIPRRELE Svihaéd el aichicvingrousdGitiéh borfdbrichioravsts. n+
ions 25 were inplanted in the a-Si thin film thereby formng an n+ a-S

thin film 43 4aHo6ae Gt ﬁbreé(ﬁﬁg@xﬁhﬁle Bhidd & {tvuesottncessary toysdelogen

plasma treafnent so as to sel eGtively renove only the portions with such

fiim propehLd8p ki g ﬁ%@xdg%ﬁeﬁl%ﬁlastﬂé'gtxﬁé?ﬂgsan(ﬁﬁé%ve @0 Aifmbes thin

film 73 w a prede ttern was formed hen, on the substrate
1 and _t he hin film73 fi r ed n
pat t ePned, © fb}a Bﬁ‘&?hf’f]t i E‘(j)rsap‘ﬂ’ri’/s ﬁ}ﬁt@ean |dschdd célg;ba%@oi&hg\gee ig)?ggotlﬂg
predetermﬁed pitti hereby formng an a-Si thin film74 (see Fig.

19( b)) Sagert the substrate 1 and the a-Si thin film74, a gate

10 insul ating yer 75 rra of Si 0

Further, a netXorever t ogﬁgbéaépgg}mgﬁ? g?lielgﬁn}ga g?mpiesaﬁ t hen
9 had an a-Si thin film containing therein few SiHz bonds, and thus the thin
film transistors had high mobility and high quality. Further, the a-Si thin

10 film had few defects therein, and therefore a reduction in leakage current in

an OFF state was made possible.

(Miscellaneous)
Note that when a semiconductor thin film formed in a predetermined
15 pattern in the foregoing Examples 1 and 2 was crystallized using excimer
laser or the like, it was also possible to fabricate a polycrystalline silicon
thin film transistor intended to realize an on-glass structure such as
drive-circuit-on-glass. In this case too, the number of masks was reduced,
and thus a reduction in fabrication costs was achieved.
20 Furthermore, the foregoing Example 9 described the case of forming an
a-Si thin film; however, the present invention is not limited thereto. It is

also possible to form a p-Si film.

INDUSTRIAL APPLICABILITY

25 As has been described above, according to the methods of the present



-patterned, by photolithography, in a predetermined pattern to forma gate
el ectrode 76 (see Fig. 19(c)). Note that in the case where the source

el ectrode 71 and the drain electrode 72 are self-aligned with the gate 15
“electrode 76, the gate electrode 76 is forned preferably by backside
exposure such that the substrate 1 is irradiated with light fromthe ot her
side of the deposited surface, and by Hjift-off. Finally, a passivation
film77 nmade of a SINX filmwas formed by plasnma enhanced CVD (see Fig.
19(d)). 20 Thus, a top-gate type thin filmtransistor according to Exanple
9 was fabricated. (Results) According to the methods of fabricating a
thin filmifansicst ovhei f@mmbgaapihes filni,ahe elesnr sbefdcabthe sabstrdterisi ng a
sem conductor thin film50 53 with a predetern ned pattern, no nask was

requi red apgt hBatediig odlybesrtiin ofdlessubasrate diecesbaradhit filknifgrmatiedust i on
in fabrication costs. |In addition, in the foregoing Exanple 3 and 4, it

was not neghg bgh &@hﬁs%‘ iffeaht AR lR%sE YA S0BEMabb 26MPetAteabMENt
and thereforeéﬁ{ge nurﬁ an abrsllggtlon slt elpssvvas Sfurther redSced

conpared t n ]E#ﬁgﬂl‘ ver, thin film

]Erfmm storg %gg‘gl %&?ﬁ %1(1 ore Igce giéggl?go 9 had an a- SI thi n

I mcontalnln |nfeWS|H n . | |stors
had hi’gh nobi | ‘g";’f R A ‘%fué‘\ rlﬂurt POI}'{HL?SV&IP@ ﬁ{gn%“b%‘da et ow

gte Lte gt \?vats hg%gl trllw gﬁ?}tg‘? ' efﬁm w1th EP “Cﬁx'og&t'lé's valayﬁrqg?l &Hrlre%f'oth kcﬂegqgn OFF

is formed on the substrate. By varying the film properties, differing
etching rates can be obtained, and thus even if etching is performed under
the same conditions, only portions with specified film properties can be
10 selectively removed. As a result, the processing steps such as
photolithography conventionally required can be reduced, making it possible
to reduce the number of fabrication steps and fabrication costs.
Moreover, when a thin film is formed with the substrate being
selectively heated, differing deposition rates can be obtained, and thus it is
15 possible to deposit a thin film only in a specified region on the substrate.
Thus, in this case too, a lithography step conventionally required when
patterning a thin film can be omitted, and therefore the number of
fabrication steps is reduced, achieving a reduction in costs.
Furthermore, semiconductor thin films fabricated according to the
20 methods of the present invention have high mobility. Thus, when, for
example, a thin film transistor provided with such a semiconductor thin film
is applied to a liquid crystal display device and the like, a high-definition
device and a high-speed built-in drive circuit can be obtained. In addition,
since the above-described semiconductor thin films have few defects, a

25 reduction in leakage current in an OFF state is achieved. Thus, thin film



-(M scel I aneous) Note that when a sem conductor thin filmfornmed in a
predeterm ned 15 pattern in the foregoing Exanples 1 and 2 was crystallized
using excimer laser or the like, it was also possible to fabricate a
“polycrystalline silicon thin filmtransistor intended to realize an

on-gl ass structure such as drive-circuit-on-glass. In this case too, the
nunber of masks was reduced, and thus 52 reduction in fabrication costs was
achi eved. 20 Furthernore, the foregoing Exanple 9 described the case of
formng an a-Si thin film however, the present inventionis not limted
thereto. It is also possible to forma p-Si film | NDUSTRI AL APPLI CABI LI TY
25 As has begnistess provdedbwith, sudc sediiomn durtoh ¢hine fhmgsacfording po dbent 51
invention, when formng athin film the entire surface of the substrate is
not heat ed phaten@ihyeritidiohhv e Bxedflldnig exfirai direantbeastleny réloability.m f or mat i on
i's selectlvely heated, and thus a significant increase in substrate
tenperature can be prevented reduci ng the process tenperature. 5 In
addition, since athin filmis forned with the substrate being selectively
heated, a filmwth film properties varying fromregion to region is
formed on the substrate. By varying the filmproperties, differing etching
rates can be obtained, and thus even if etching is performed under the
sanme conditions, only portions with specified filmproperties can be 10
selectively renoved. As a result, the processing steps such as

phot ol i t hogr aphy conventionally reqU|red can be reduced, making it pOSSIb|e
to reduce the nunber of fabrication steps and fabrlcatlon costs.



-Moreover, when a thin filmis formed with the substrate being selectively
heated, differing deposition rates can be obtained, and thus it is 15
possible to deposit a thin filmonly in a specified region on the
"substrate. Thus, in this case too, a |lithography step conventionally
required when patterning a thin filmcan be omtted, and therefore the
nunber of fabrication steps is reduced3 achieving a reduction in costs.
Furt hernore, sem conductor thin filns fabricated according to the 20

met hods of the present invention have high nmobility. Thus, when, for
exanple, a thin filmtransistor provided with such a sem conductor thin
film is apfhatad dainsed isqui d crystal display device and the like, a

hi gh-definition device and a high-speed built-in drive circuit can be
obtained. In addition, since the above-described sem conductor thin filns
have few defects, a 25 reduction in | eakage current in an OFF state is
achi eved. Thus, thin film52 transistors provi ded with such sem conduct or
thin filns accordlng sent tion have excellent per f or mance
and excel | entl-relf ﬁ?@?PE§§BV§HF§? HEGMIEISIEE" A et hod of
fabricating a thin frlntco rising: forntn ﬁL frlnto a substrate t he
thin filmwithfrmipgm shy fifmson 3 suhsfralg, gh% Hh“tlt}‘ B BRORSHUERe
substrate being fornmed by selectively heating the substyrate; and

pattemni ng the thi vaingnfromaregian e alegione anpide; sbs twtee{)%lmgnﬁl med bR n

filmto selectively renove only a portion of the thin filmwth specified
filmproperties. selectively heating the substrate; and

patterning the thin film in a predetermined pattern by etching the thin
film to selectively remove only a portion of the thin film with

specified film properties.

10 2. The method of fabricating a thin film according to claim 1, wherein
the substrate is selectively heated by forming, on the substrate, an energy
absorber or an energy absorber with a predetermined pattern, and

subsequently imparting energy to the energy absorber to release heat from

the energy absorber.

15 3. The method of fabricating a thin film according to claim 2, wherein
the energy is imparted by irradiating an electromagnetic wave to the energy

absorber.

4. The method of fabricating a thin film according to claim 1, wherein

the substrate is selectively heated by forming, on the substrate, a conductive

20 film or a conductive film with a predetermined pattern, and subsequently
passing an electric current through the conductive film to release heat from

the conductive film.



-10 2. The nmethod of fabricating a thin filmaccording to claim11, wherein
the substrate is selectively heated by form ng, on the substrate, an energy
absorber or an energy absorber with a predeterm ned pattern, and
"subsequently inparting energy to the energy absorber to rel ease heat from
t he energy absorber. 15 3. The nethod of fabricating a thin filmaccording
to claim?2, wherein the energy is inpd4ted by irradiating an

el ectromagnetic wave to the energy absorber. 4. The nmethod of fabricating
athin filmaccording to claim1, wherein the substrate is selectively
heated by form ng, on the substrate, a conductive 20 filmor a conductive
filmwth a g eddlsr method pfifileicatimnd thil Sdouectorgingotselang hrwkexednr i c
current through the conductive filmto rel ease heat from the conductive

film 54 5thelhehgteiatead sefectiably bedtedgnéernmittenitiy. m according to claim 1,
wherein the substrate is selectively heated intermttently. 6. The nethod
of fabricating a thin filmaccording to claiml, wherein the step of

formng the thin film oys ,CVD. .5 7. . The. nethod.of fabricafi a.thin
filmaccordify tdhg gye% Oéi@ré‘?%l%é thypiiln 3$@§Wélge{ﬂ]§ﬁgggf@{]’,%‘?r%f} The
met hod of fabricating a thin f_iiitﬁaccordin o claim1l, wherein a surface
t enper at ur theostepinf ferming thesthindim gmpdess ‘e is selectively heated is

equal to or above a tenperature at which a source gas for the thin 10 film
causes a chemcal reaction. 9. The nmethod of fabricating a thin film

accor gi ng to cl aiffelmehsd 8F Pabricating a thin film according to claim 5, wherein

the CVD is plasma enhanced CVD.

8. The method of fabricating a thin film according to claim 1, wherein
a surface temperature of the substrate when the substrate is selectively
heated is equal to or above a temperature at which a source gas for the thin

10 film causes a chemical reaction.

9. The method of fabricating a thin film according to claim 1, wherein

the thin film is etched by hydrogen radical treatment.

10. A method of fabricating a thin film comprising: depositing a thin
film on a substrate, the thin film being deposited only in a specified region
15 by selectively heating the substrate to vary a deposition rate from region to

region on the substrate.

11. The method of fabricating a thin film according to claim 10, wherein
the substrate is selectively heated by forming, on the substrate, an energy
absorber or an energy absorber with a predetermined pattern, and

20 subsequently imparting energy to the energy absorber to release heat from

the energy absorber.
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16. A nethod of fabricating a thin filmtransistor conﬁri Si ng:
13. The method of fabricating a thin film according to claim 10, wherein

the substrate is selectively heated intermittently.

14. The method of fabricating a thin film according to claim 10, wherein

the step of depositing the thin film employs CVD.

15. The method of fabricating a thin film according to claim 10, wherein
a surface temperature of the substrate when the substrate is selectively
heated is equal to or above a temperature at which a source gas for the thin

film causes a chemical reaction.

16. A method of fabricating a thin film transistor comprising:

forming, on an insulating substrate, a metal thin film with a
predetermined pattern;

forming an insulating layer on the metal thin film;

forming a semiconductor thin film on the insulating layer, the
semiconductor thin film with film properties varying between a
region above and in the vicinity of the metal thin film and other
regions being formed by imparting energy to the metal thin film

to release the energy as heat from the metal thin film so that the



-15 formng, on an insulating substrate, a netal thin filmwith a

predeterm ned pattern; formng an insulating |layer on the netal thin film
form ng a sem conductor thin filmon the insulating | ayer, the

“sem conductor thin filmwth filmproperties varying between a 20 region
above and in the vicinity of the nmetal thin filmand other regions being
formed by inparting energy to the netals6thin film to release the energy as
heat fromthe nmetal thin filmso that the 56 insulating |layer is
selectively heated; and patterning the sem conductor thin filmin a
predeterm ned pattern by etching the sem conductor thin filmto

sel ectivel y renpvanshkating heyeriegelentvely lieated:-randret hod of fabricating a
thin filmtransistor according to claim 16, wherein the nmetal thin film
serves as a gap@tehaagribdesediicandactoe ahirefibmt inodepreddteandnail pasteant byde.
18. The method of fabricating a thin filmtransistor according to claim

16, wherein the inguhiig RHel satBlcohdusidletliinvilm beajebettiiely rieativat thg an 10
el ectromagneti ¢ wave, serving as the energy, to the netal thin filmto

rel ease heat from g, pBghsthin film 19. The nethod of fabricating a thin
filmtransistor according to claim 16, wherein the insulating |ayer is

sel ectively heated by passing an electric current through the netal thin
filmto release heat fromthe netal thin film 15 20. The t hod of.

fabri 6ati ng ¥-t hiThefmethed ahfabmenting aothan Am sransaster acgor %rteiciall“he

energy is inparted to the netal thin filmintermttently.
16, wherein the metal thin film serves as a gate electrode or a source

electrode and a drain electrode.

18. The method of fabricating a thin film transistor according to claim
16, wherein the insulating layer is selectively heated by irradiating an
10 electromagnetic wave, serving as the energy, to the metal thin film to

release heat from the metal thin film.

19. The method of fabricating a thin film transistor according to claim
16, wherein the insulating layer is selectively heated by passing an electric

current through the metal thin film to release heat from the metal thin film.

15 20. The method of fabricating a thin film transistor according to claim

16, wherein the energy is imparted to the metal thin film intermittently.

21. The method of fabricating a thin film transistor according to claim

16, wherein the step of forming the semiconductor thin film employs CVD.

922. The method of fabricating a thin film transistor according to claim

20 21, wherein the CVD is plasma enhanced CVD.



-21. The nmethod of fabricating a thin filmtransistor according to claim
16, wherein the step of form ng the sem conductor thin filmenploys CVD.
22. The nmethod of fabricating a thin filmtransistor according to claim 20
"21, wherein the CVD is plasma enhanced CVD. 57 23. The net hod of
fabricating a thin filmtransistor according to claim 16, wherein a
surface tenperature of the insulating |&yer when the insulating |layer is
selectively heated is equal to or above a tenperature at which a source
gas for the sem conductor thin fil mcauses a chemcal 5 reaction. 24. The
met hod of fabricating a thin filmtransistor according to claim 16,

wher ei n t he 23N @rdoethod ofifabficatimg s giiohBhin Hyahsistosgneordivgctal claim
treatnment. 25. The nethod of fabricating a thin filmtransistor according

to claim 16, kfhervher gi susfhterteénhgerattere off fthe mimmlatieg skyecomdient dhet hi n
film the semconductor thin filmis crystallized. 26. The method of

fabricati nghslatthg lhyeimsd §(§8§tii§él?rhe%6@ figlieq@al o ok aibovea tehperitare aser
annealing is perforned instead of the heat treatnent. 27. A nethod of

fabricati ngpacy H '})o{ﬁ'éemg;a_rsaﬂﬁ" ShOT scmPRBhgErde: thih fidhNtAgses0d @Remi@dl ati ng
substrate, a netal thinTilmwith a predetermned pattern; formng an

i nsul gti ngréa%%f%h on the netal thin film and depositing a sem conductor
thin film o the insul at | ng layer, the sem conductor thin film being
deposited only in a specified region 20 by inparting energy to the netal

thin filmto rel ease the energy ] ) ) _
24. The method of fabricating a thin film transistor according to claim

16, wherein the semiconductor thin film is etched by hydrogen radical

treatment.

25. The method of fabricating a thin film transistor according to claim
10 16, wherein after the step of forming the semiconductor thin film, the

semiconductor thin film is crystallized.

26. The method of fabricating a thin film transistor according to claim

25, wherein laser annealing is performed instead of the heat treatment.

27. Amethod of fabricating a thin film transistor comprising:
15 forming, on an insulating substrate, a metal thin film with a
predetermined pattern;
forming an insulating layer on the metal thin film; and
depositing a semiconductor thin film on the insulating layer, the
semiconductor thin film being deposited only in a specified region
20 by imparting energy to the metal thin film to release the energy
as heat from the metal thin film so that the insulating layer is

selectively heated, thereby varying a deposition rate from region



-as heat fromthe netal thin filmso that the insulating |ayer is

sel ectively heated, thereby varying a deposition rate fromregion 58 to
region on the insulating layer. 28. The nethod of fabricating a thin film
“transistor according to claim 27, wherein the netal thin filmserves as a
gate electrode or a source electrode and a drain electrode. 5 29. The

nmet hod of fabricating a thin filmtrandi8tor according to claim 27,
wherein the insulating layer is selectively heated by irradiating an

el ectromagneti c wave, serving as the energy, to the netal thin filmto

rel ease heat fromthe netal thin film 30. The nmethod of fabricating a thin
filmtransistor acﬁnndmmgondhehamﬂﬂnm@layermhereln the insulating |l ayer is
sel ectively heated by passing an electric current through the netal thin
filmto rel ease heat fromthe netal thin filn1 31. The nethod of

fabricati thig fil

ener oy i s i t o ethbd ATAPHERRERE A Bt Bl lon BB Ml o
fabricati th filmtr t d t I 15 27, wh th
step of fof z?ﬂglérﬁgl abf wﬁ%ﬁeﬁafrﬁl%%‘é{veisﬁﬁara‘ila%ﬁ' 1348 oo RehieRod o
fabrlcatlng at d{ﬁ&tra S|st§r according to claim 27 wherein a

surface tefisg A ¢l6CtEPSEi ng | ayer when the i nsul at i ng layer is
sel ectively heat ed is equal to or above a tenperature at which a source
gas for the sem conductor thin filmcauses a chemcal 20 reaction. 59 34.
The mef hod ofg f abylie atdthed aftthbficatihga flansfilyt aravsistordiceordingtoailaim
27, wherein the insulating layer is selectively heated by irradiating an
electromagnetic wave, serving as the energy, to the metal thin film to

release heat from the metal thin film.

30. The method of fabricating a thin film transistor according to claim
10 27, wherein the insulating layer is selectively heated by passing an electric

current through the metal thin film to release heat from the metal thin film.

31. The method of fabricating a thin film transistor according to claim

27, wherein the energy is imparted to the metal thin film intermittently.

32. The method of fabricating a thin film transistor according to claim

15 27, wherein the step of forming the semiconductor thin film employs CVD.

33. The method of fabricating a thin film transistor according to claim
27, wherein a surface temperature of the insulating layer when the
insulating layer is selectively heated is equal to or above a temperature at
which a source gas for the semiconductor thin film causes a chemical

20 reaction.



-27, wherein after the step of depositing the sem conductor thin film the
sem conductor thin filmis crystallized. 35. A nethod of fabricating a thin
filmtransistor conprising: 5 formng, on an insulating substrate, a netal
“thin filmwith a predetermned pattern; formng a first sem conductor thin
filmon the insulating substrate wth the insulating substrate being
selectively heated by inparting energysdo the netal thin filmto rel ease
the energy as 10 heat fromthe nmetal thin film the first sem conductor
thin film having filmproperties varying between a portion covering the
metal thin filmand other portions; patterning the first sem conductor thin
filmby etchiqg tHe higthvd ofdabrioatingta thinhithn ftramsistorsaicerdingetoyclasmoy e
only the other 15 portions, thereby covering only the nmetal thin film
form ng, on7t Rehdreii lafiternthes stegt vhdepbsivinggthdeemicatduseon ¢oindfidmorthet hi n
filmthereon, a second sem conductor thin filmwth a higher nelting point

than the figgtcon@icEn s M Ishirgsfdllisad.and crystallizing the second
sem conductor thin filmby heat treatment 20 with the first sem conduct or

thin filmas growmh nucleus. 36. The nmethod of fabricating a thin film
transi stor according to.claim 35, wherei.h the netal thin filmis made of
at | east onéﬁ-ypémetb%(’g?ab\‘ﬂ‘?@mg ?ﬁgén brmr%?‘é?ls | QLIRS ¥Bom t he group
consisting of Ni, Pd, Pt, A, and Ag. 60 37. The nethod of ;‘.@Sric_ ting a
thin film tranfirmiog, aeeondi Masulatingaiswbstate,wiermaetalt A | with a
sem conductor thin filmis one of an a-Ge thin film and

predetermined pattern;

forming a first semiconductor thin film on the insulating substrate
with the insulating substrate being selectively heated by
imparting energy to the metal thin film to release the energy as
10 heat from the metal thin film, the first semiconductor thin film
having film properties varying between a portion covering the
metal thin film and other portions;
patterning the first semiconductor thin film by etching the first
semiconductor thin film to selectively remove only the other
15 portions, thereby covering only the metal thin film;
forming, on the insulating substrate having the first semiconductor
thin film thereon, a second semiconductor thin film with a higher
melting point than the first semiconductor thin film; and
crystallizing the second semiconductor thin film by heat treatment

20 with the first semiconductor thin film as growth nucleus.

36. The method of fabricating a thin film transistor according to claim

35, wherein the metal thin film is made of at least one type or two or more

types of metal selected from the group consisting of Ni, Pd, Pt, Al, and Ag.



~an a-GeSi thin film and wherein the second sem conductor thin filmis a Si
thin film 5 38. The nethod of fabricating a thin filmtransistor according
to claim 35, wherein |laser annealing is performed instead of the heat
“treatment. 39. A nethod of fabricating a thin filmtransistor conprising:
form ng, on an insulating substrate, a netal thin filmwth a

predeterm ned pattern; 10 depositing a0 rst sem conductor thin filmso as
to cover the netal thin film the first sem conductor thin film being
deposited only on top and side surfaces of the netal thin film by
inparting energy to the netal thin filmto rel ease the energy as _heat from
the netal t3f.n fiHemuthodaf fabxemting ta thinrfine tvansiewrbacortingdordgion in
the 15 vicinity of the nmetal thin filmand other regions; formng, on the

i nsul at i ng35URkkfdahahbdiishgeinicoriducsér ten filondtiohenf ahhi- -fref thimfilireaedn, a
second semi conductor thin filmwth a hi gher nelting point than the first

sem conduchQry-GREDN thin fllm 288d G Sl the isBgbrid Seri koM csRNhe® FlCisod Sihi n
filmby heat treatnment 20 with the first sem conductor thin filmas growh

nucl eus. 4§,. The, met hod of fabrlcatl ng a thin filmtransistor according to
claim 39, V\REI‘EII‘] the netal thin filmis nmade of at |east one type or two
or nore types of netal selected fromthe group consisting of Ni, Pd, Pt,
Al, and Ag. i 61 41. The method of fabricating a thin fllm(i;rranm tor
accor éi ng t 3&| aiThe pethehof éabrieaang ja thinglelm dsarmistosraccprHNE PRI gne of
an a-Ge thin filmand

35, wherein laser annealing is performed instead of the heat treatment.

39. A method of fabricating a thin film transistor comprising:
forming, on an insulating substrate, a metal thin film with a
predetermined pattern;

10 depositing a first semiconductor thin film so as to cover the metal thin
film, the first semiconductor thin film being deposited only on top
and side surfaces of the metal thin film, by imparting energy to
the metal thin film to release the energy as heat from the metal
thin film so that a deposition rate varies between a region in the

15 vicinity of the metal thin film and other regions;

forming, on the insulating substrate having the first semiconductor
thin film thereon, a second semiconductor thin film with a higher
melting point than the first semiconductor thin film; and

crystallizing the second semiconductor thin film by heat treatment

20 with the first semiconductor thin film as growth nucleus.

40. The method of fabricating a thin film transistor according to claim
39, wherein the metal thin film is made of at least one type or two or more

types of metal selected from the group consisting of Ni, Pd, Pt, Al, and Ag.



-an a-GeSi thin film and wherein the second sem conductor thin filmis a Si
thin film 5 42- The nethod of fabricating a thin filmtransistor according
to claim 39, wherein |laser annealing is performed instead of the heat
“treatment. 43. A nmethod of fabricating a thin filmtransistor conprising:
form ng, on an insulating substrate, a netal thin filmwth a

predeterm ned pattern; 10 form ng an i@dul ating | ayer on the insulating
substrate having the netal thin filmthereon; formng a first

sem conductor thin filmon the insulating |ayer, the first sem conductor
thin filmwith filmproperties varying fromregion to region on the

i nsul ating l4yer Thei mgtied of dathycdtmpaat thag fils érearsigtor aceondingttalclaimn il m
to rel ease the energy as heat from the netal thin filmso that the

i nsul ati ng3¢$ ayRerdia thelfst symlicon duwesdrethiin it & ciegf alme-Gerthin §idmi @wdduct or
thin filmin a predetermned pattern by etching the first sem conductor

thin film o sebsSEihivefidm, 204 WA Bé ¥e@nlodenhietn @fictol@hfn fidin is a Si
sem conductor thin filmwth specified filmproperties; formng, on the

insul atin tfgh{ate having the first sem conductor thin filmthereon, a
second seniconductor thin filmwth a higher 62 nelting point than the
first sem conductor thin film and crystallizing the second sem conduct or

thin filmby heat treatnment with the first sem conductor tf(]iijn fil tin,as
growt B nucl et?%s. The method of fabricating a thin film transistor according to claim

39, wherein laser annealing is performed instead of the heat treatment.

43. A method of fabricating a thin film transistor comprising:
forming, on an insulating substrate, a metal thin film with a
predetermined pattern;
10 forming an insulating layer on the insulating substrate having the
metal thin film thereon;
forming a first semiconductor thin film on the insulating layer, the first
semiconductor thin film with film properties varying from region
to region on the insulating layer being formed by imparting
15 energy to the metal thin film to release the energy as heat from
the metal thin film so that the insulating layer is selectively
heated;
patterning the first semiconductor thin film in a predetermined
pattern by etching the first semiconductor thin film to selectively
20 remove only a portion of the first semiconductor thin film with
specified film properties;
forming, on the insulating substrate having the first semiconductor

thin film thereon, a second semiconductor thin film with a higher



-44. The nmethod of fabricating a thin filmtransistor according to claim 5
43, wherein the netal thin filmis nade of at | east one type or two or nore
types of netal selected fromthe group consisting of Ni, Pd, Pt, A, and
"Ag. 45. The nethod of fabricating a thin filmtransistor according to claim
43, wherein the first sem conductor thin filmis one of an a-Ge thin film
and an a-GeSi thin film and wherein tgge second sem conductor thin filmis
asS 10 thin film 46. The nethod of fabricating a thin filmtransistor
according to claim 43, wherein |aser annealing is perforned instead of the
heat treatnment. 47. A nethod of fabricating a thin filmtransistor

conpri sing: formnm ngelting pointnhanathenirst sbaticatdycter thendfilophamd fi Imwith a
15 predeterm ned pattern; form ng an insulating |ayer on the insulating

substrate havi pgstiltizinetthe $dvondf sdrmidonduetor; tidepbdint bygheat itredtment
sem conductor thin filmon the insulating layer, the first sem conductor

thin filmbeing depod 0! ¥nliBordd £ thinSilm 28 ghre@itRmukYedspar ting
energy to the netal thin filmto release the energy as heat fromthe netal
thin filmso that the insulating layer is selectively heated, thereby
varying a deposition rate from 63 region to_region on the insulating |ayer;
formng, on 4he iThaumethad of dakrieaiing mathingikn r$m$1§'t0rsfé}9PEf§Hauf@t%lPﬂ“t hi n
filmthereon, a second semiconductor thin filmwth a higher nelting point
t han the f#Bswhseeincdredumetarthihifplng jis madenef &t keagt pRPILYRE 99 RO BXBAA
sem conductor thin film by heat treatnent

types of metal selected from the group consisting of Ni, Pd, Pt, Al, and Ag.

45. The method of fabricating a thin film transistor according to claim
43, wherein the first semiconductor thin film is one of an a-Ge thin film and
an a-GeSi thin film, and wherein the second semiconductor thin film is a Si

10 thin film.

46. 'The method of fabricating a thin film transistor according to claim

43, wherein laser annealing is performed instead of the heat treatment.

47. A method of fabricating a thin film transistor comprising:

forming, on an insulating substrate, a metal thin film with a

15 predetermined pattern;
forming an insulating layer on the insulating substrate having the

metal thin film thereon;
depositing a first semiconductor thin film on the insulating layer, the
first semiconductor thin film being deposited only in a specified
20 region by imparting energy to the metal thin film to release the
energy as heat from the metal thin film so that the insulating

layer is selectively heated, thereby varying a deposition rate from



-Wwith the first sem conductor thin filmas growh nucleus. 48. The net hod of
fabricating a thin filmtransistor according to claim 47, wherein the
nmetal thin filmis made of at | east one type or two or nore types of netal
“selected fromthe group consisting of Ni, Pd, Pt, A, and Ag. 10 49. The
met hod of fabricating a thin filmtransistor according to claim 47,
wherein the first sem conductor thin figdmis one of an a-Ge thin film and
an a-GeSi thin film and wherein the second sem conductor thin filmis a Si
thin film 50. The nethod of fabricating a thin filmtransistor according
to claim 15 47, wherein |l aser annealing is perforned instead of the heat
treatment. 51. An ap@i & begibnionftherinsatatings kayeni n fil m conprising: a netal
thin filmformation nmeans for formng, on a substrate, a netal thin film

with a predet efoﬁfiﬂiﬁg Rat {1 M@l atifighshibdtiafeo hemirigonhoefans femiconduttog a
thin filmon the substrate, 20 the thin filmwth film properties varying

fromregion to re lﬁﬂ B t &%oﬁUQ%IeE&E&s@ﬁh&ﬁnﬁ&'ﬁéﬁ‘?ﬁumﬁlnﬁmﬁthlmﬂlgﬁ@ergy to
the netal thin mto rel ease the energy as heat fromthe nmetal thin film

so that 64 the sub&%; eSOVl sBRAE A AACIAR MLFhinD means for

patterning the thin |napre etermn pattern by etching the thin

filmto select| Vegﬁg%&%‘?_?@e %eﬁén& sél? foh&ﬁctgﬁ flﬁﬁl ﬁ%hgbi’ lﬁéﬂt‘“‘t{e@tﬁﬁﬁ?' fied

fllmI ropertle(ér ratus rica hin fil maccording
to claimbsl, 10 mert%' triletg ettstI}cgﬂ(iuctglo{hl tﬁl%] as”%?‘%tlg?l%féu%l ng.

48. The method of fabricating a thin film transistor according to claim
47, wherein the metal thin film is made of at least one type or two or more

types of metal selected from the group consisting of Ni, Pd, Pt, Al, and Ag.

10 49. The method of fabricating a thin film transistor according to claim
47, wherein the first semiconductor thin film is one of an a-Ge thin film and
an a-GeSi thin film, and wherein the second semiconductor thin film is a Si

thin film.

50. The method of fabricating a thin film transistor according to claim

15 47, wherein laser annealing is performed instead of the heat treatment.

51. An apparatus for fabricating a thin film comprising:
a metal thin film formation means for forming, on a substrate, a metal
thin film with a predetermined pattern;
a thin film formation means for forming a thin film on the substrate,
20 the thin film with film properties varying from region to region on
the substrate being formed by imparting energy to the metal thin

film to release the energy as heat from the metal thin film so that



-a reaction vessel for holding the substrate inside; an el ectromagnetic wave
irradiation portion for irradiating an electromgnetic wave, serving as
the energy, to the netal thin film a supply portion for supplying a
“source gas to an inside of the reaction vessel; and a reaction excitation
portion for exciting a chemcal reaction of the source gas. 15 53. The
apparatus for fabricating a thin filmapacording to claimb51, wherein an

el ectric current application portion for intermttently passing an

electric current through the netal thin filmis provided, in place of the
el ectromagneti c wave irradiation portion. 54. The apparatus for fabricating
a thin fil m accor dilrgsulstedtaiimsblectivaly héwtedi andhe reacti on excitation
portion is a plasma excitation portion. 55. An apparatus for fabricating a
thin film conpghsétebing meadd fohipatidrning aheathion filmans 4 grefletarimpedon a
substrate, a netal 65 5 thin filmwith a predeterm ned pattern; and a thin

filmformation nmeapsibal HyolelHiggatkdithid ifilm o sectublyt raheve ¢l ahin
filmbeing formed only in“a specified region by inparting energy to the

metal thin filmt . . ; . al thin fil
: ' tlglgbgﬁfgtger@éﬂ;ﬁﬁg%lﬁissﬂ&?ﬁed AR prbpertiet [ il mso

that the substrat ated, thereby varying a deposition
rate fromregion to region on the substrate.

5 52. The apparatus for fabricating a thin film according to claim 51,
wherein the thin film formation means comprising:
a reaction vessel for holding the substrate inside;
an electromagnetic wave irradiation portion for irradiating an
electromagnetic wave, serving as the energy, to the metal thin

10 film;

a supply portion for supplying a source gas to an inside of the reaction

vessel; and

a reaction excitation portion for exciting a chemical reaction of the

source gas.

15 53. The apparatus for fabricating a thin film according to claim 51,
wherein an electric current application portion for intermittently passing an
electric current through the metal thin film is provided, in place of the

electromagnetic wave irradiation portion.

54. The apparatus for fabricating a thin film according to claim 51,

20 wherein the reaction excitation portion is a plasma excitation portion.

55. An apparatus for fabricating a thin film comprising:

a metal thin film formation means for forming, on a substrate, a metal



-56. The apparatus for fabricating a thin filmaccording to claimb55,
wherein the thin filmformation nmeans conprising: 10 a reaction vessel for
hol di ng the substrate inside; 15 an el ectromagnetic wave irradi ation
“portion for irradiating an electronmagnetic wave, serving as the energy, to
the metal thin film a supply portion for supplying a source gas to an
inside of the reaction vessel; and a mg&action excitation portion for
exciting a chemi cal reaction of the source gas. 57. The apparatus for
fabricating a thin filmaccording to claim55, wherein an electric current
application portion for intermttently passing an 20 electric current
through the netal ghihffilii vith & ppedotesiained pateacearmd the el ectromagnetic
wave irradiation portion. 58. The apparatus for fabricating a thin film

according to chahi $hn forieitainidias Radviamexciliatfiln opothd sabstsate, pl asna
excitation portion. 66 59. Athin filmtransistor conprising: a netal thin

filmhaving a pr @A Mar oAl Rrmed¢hlpriava dpecifid dBgionshy ahpasting
substrate; an insulating layer provided on the insulating substrate having

the nmetal thin fiéﬂ@rgpgogﬁ%: RS Ehifiefint ABAUEL L (HY BndigyMad R¥ADGrdin

predeterm ned pattern provi ded on the insulating l'ayer, wherein the

sem conductor thin,film,i t n hn,t [ I m .
form fig the sem co%ugfeg?lstt ﬁﬁln&ﬁf"l %gb?/l%’lt nt?)%r ?‘i‘ﬁ%ﬁl&f\e IS @Sﬂgctl%fyt ﬁ%ﬂté?l{
thereby varying a deposition rate from region to region on the

substrate.

56. The apparatus for fabricating a thin film according to claim 55,
wherein the thin film formation means comprising:
10 a reaction vessel for holding the substrate inside;
an electromagnetic wave irradiation portion for irradiating an
electromagnetic wave, serving as the energy, to the metal thin

film;

a supply portion for supplying a source gas to an inside of the reaction

15 vessel; and

a reaction excitation portion for exciting a chemical reaction of the

source gas.

57. The apparatus for fabricating a thin film according to claim 55,
wherein an electric current application portion for intermittently passing an
20 electric current through the metal thin film is provided, in place of the

electromagnetic wave irradiation portion.

58. The apparatus for fabricating a thin film according to claim 55,

wherein the reaction excitation portion is a plasma excitation portion.



-energy to the metal thin filmto rel ease the energy as heat from the netal
thin filmso that the insulating layer is selectively 10 heated, thereby
varying filmproperties between a region above and in the vicinity of the
“metal thin filmand other regions, and subsequently etching the

sem conductor thin filmto selectively renove the other regions. 60. The
thin filmtransistor according to clai 8659, wherein a sidewall of 15 the
sem conductor thin filmhas a gently sloping surface. 61. Athin film
transi stor conprising= a nmetal thin filmhaving a predeterm ned pattern
and provided on an insulating substrate; an insulating |ayer provided on
the insul ati5%y subshimtfElnhatangistore covtpisingi @ metah thiar ddm havang a

sem conductor thin filmhaving a predeterm ned pattern 20 and provi ded on
t he insul %imtéﬁryﬂed whgtann 4k pevidehdoct an tihsulatidgn substegtesi awd onl y
in a specified region by inparting energy to the netal thin filmto

rel ease t hgsubtehgYaRs prRAAd ONthbensElagingt fibistiaterhsdngthe mbtalithsw| at i ng
67 |l ayer is selectively heated, thereby varying a deposition rate from

region to ﬁﬁﬂitp@r&ﬂ LG 4 Bemi@nidudtdranen filfPhaVing 4 Preddtehminsdpaitsinr
according to clal m 61, wherein a sidewall of the seniconductor thin film

has a5genti‘%{‘,‘?%%g??g?%%anélﬁﬁ%ﬁﬁﬂi n filmtransistor conprising: a

metal "thin on an 1hsulating substrate in a predeterm ned

P ﬁf ';er N, a firsy SSMaNIUGEELdddtbP thin M §9 Pattefled In 2he PRedOieEmihbE NEl 2l
pattern by forming the semiconductor thin film by imparting
energy to the metal thin film to release the energy as heat from
the metal thin film so that the insulating layer is selectively

10 heated, thereby varying film properties between a region above
and in the vicinity of the metal thin film and other regions, and

subsequently etching the semiconductor thin film to selectively

remove the other regions.

60. The thin film transistor according to claim 59, wherein a sidewall of

15 the semiconductor thin film has a gently sloping surface.

61. A thin film transistor comprising: a metal thin film having a
predetermined pattern and provided on an insulating substrate; an
insulating layer provided on the insulating substrate having the metal thin
film thereon; and a semiconductor thin film having a predetermined pattern

20 and provided on the insulating layer,
wherein the semiconductor thin film is deposited only in a specified
region by imparting energy to the metal thin film to release the

energy as heat from the metal thin film so that the insulating



-film the first sem conductor thin film being provided so as to 10 cover
only the netal thin film by inparting energy to the netal thin filmto

rel ease the energy as heat fromthe netal thin film thereby providing the
“first sem conductor thin filmwith film properties varying between a
portion covering the netal thin film and other regions, and subsequently
selectively renoving the 15 other porte7ons by etching; and a second

sem conductor thin film provided on the insulating substrate having the
first sem conductor thin filmthereon, and having a higher nelting point
than the first sem conductor thin film the second sem conductor thin film
bei ng crystal | i zedapyr hestledivélydutated; thereby vheyingra depesitiennate from t hi n
filmas growh nucleus, wherein a region of the crystallized second

sem conduct or thi rtefgidrfrtmﬂigioﬂil@mitlhg ihbelatingskayseni conductor thin film
serves as a channel 68 portion. 64- A thin filmtransistor conprising: a
metal thin film patterned on an insulating substrate i n a predeterm ned

pattern; 5 f|r ctor thlnfllm osi t d

nmetal thin ﬁﬁ“@h’i‘ Ié'é‘ﬁi‘%%aﬁ‘iﬁl Eﬂ atufll Hﬁépsé(gél)‘t\;e on top
and side surfaces Qf the thin film arti ng energy to the
metal t hi nthe semicendactondbin E@newrweaglmé mggg‘ﬁp’?he metal thin filmso

that a deposition rate varies between a region in the
B 63. A thin film transistor comprising-
a metal thin film patterned on an insulating substrate in a
predetermined pattern;
a first semiconductor thin film deposited so as to cover the metal thin
film, the first semiconductor thin film being provided so as to
10 cover only the metal thin film, by imparting energy to the metal
thin film to release the energy as heat from the metal thin film,
thereby providing the first semiconductor thin film with film
properties varying between a portion covering the metal thin film
and other regions, and subsequently selectively removing the
15 other portions by etching; and
a second semiconductor thin film provided on the insulating substrate
having the first semiconductor thin film thereon, and having a
higher melting point than the first semiconductor thin film, the
second semiconductor thin film being crystallized by heat
20 treatment with the first semiconductor thin film as growth
nucleus,
wherein a region of the crystallized second semiconductor thin film not

having the first semiconductor thin film serves as a channel



-10 vicinity of the netal thin filmand other regions; and 15 a second

sem conductor thin filmprovided on the insulating substrate having the
first sem conductor thin filmthereon, and having a higher nelting point
“than the first sem conductor thin film the second sem conductor thin film
being crystallized by heat treatnment with the first sem conductor thin
filmas gromh nucleus, wherein a regie8n of the crystallized second

sem conductor thin filmnot having the first sem conductor thin film
serves as a channel portion. 20 65. Athin filmtransistor conprising: a
metal thin filmpatterned on an insulating substrate in a predeterm ned
pattern; an insul apérmipn.ayer provided on the insulating substrate having
the 69 netal thin filmthereon; a first sem conductor thin filmformed on
the insulating layer with the insulating |ayer being selectively heated by

inparting engrgy tq. the netal thin filmto rel ease the energy as heat from
the metal 5 ‘te‘{u nq‘ﬁ}lﬁ‘né}t"hé’ragb?SWﬁFWéﬁ??m properties of the first

sem conductor thin filmbetween a portion correspondi.ng to egion with a
hi gh surface térrmtéiu fiime PabeEngei A9 1e S“i?]ﬁng 68P§‘ir8fwe - a

corresponding to a region with a |l ow surface tenperature of the insulating
layer, the first se¥adeberapidesdpather

5 a first semiconductor thin film deposited so as to cover the metal thin
film, the first semiconductor thin film being deposited on top and
side surfaces of the metal thin film, by imparting energy to the
metal thin film to release the energy as heat from the metal thin
film so that a deposition rate vavies between a region in the

10 vicinity of the metal thin film and other regions; and
a second semiconductor thin film provided on the insulating substrate
having the first semiconductor thin film thereon, and having a
higher melting point than the first semiconductor thin film, the
second semiconductor thin film being crystallized by heat
15 treatment with the first semiconductor thin film as growth
nucleus,
wherein a region of the crystallized second semiconductor thin film not

having the first semiconductor thin film serves as a channel

portion.

20 65. A thin film transistor comprising:
a metal thin film patterned on an insulating substrate in a
predetermined pattern;

an insulating layer provided on the insulating substrate having the



10 fil mbeing provided only in the region with a high surface tenperature,
by etching the first sem conductor thin filmto selectively renove the
portion corresponding to the region with a |ow surface tenperature; and a

" second sem conductor thin filmprovided on the insulating substrate 15
having the first sem conductor thin filmthereon, and having a higher
nmelting point than the first sem condud&9r thin film the second
sem conductor thin filmbeing crystallized by heat treatnment with the
first sem conductor thin filmas growmh nucleus, 20 wherein a region of
the crystallized second sem conductor thin filmnot having the first
sem conduct or t hi nmfetalntbdnfilosthereanchannel portion. 66. A thin film
transi stor conprising: a nmetal thin filmpatterned on an insul ating
substrate i n aafrspsesétoaductmdtipatfiler fornaed pbnahkdnsulpting/ bayeprothdbd on
the insulating substrate having the netal thin filmthereon; a first

sem conductor thi niri‘shxﬂﬁ'ﬂh@%qaj/éieﬁemg sdlectividyll leddted Byaympartihg energndol ati ng
| ayer selectively heated by Inparting energy to the netal thin filmto

rel ease the ener gyyas st tHinOflhhe Y8k el eherky 48 Boat fiwim ahdapesilt i on
rate varies between a region with a high surface tenperature of the

| nsul gling 1ayer afiina FiRd! OBhidh dvadyil SUIhACHrOEERIEA Uf € (RE et
i nsul ating | ayer, thereby providing
semiconductor thin film between a portion corresponding to a
region with a high surface temperature of the insulating layer
and a portion corresponding to a region with a low surface
temperature of the insulating layer, the first semiconductor thin
10 film being provided only in the region with a high surface
temperature, by etching the first semiconductor thin film to
selectively remove the portion corresponding to the region with a
low surface temperature; and
a second semiconductor thin film provided on the insulating substrate
15 having the first semiconductor thin film thereon, and having a
higher melting point than the first semiconductor thin film, the
second semiconductor thin film being crystallized by heat
treatment with the first semiconductor thin film as growth
nucleus,
20 wherein a region of the crystallized second semiconductor thin film not

having the first semiconductor thin film serves as a channel

portion.

66. A thin film transistor comprising:

a metal thin film patterned on an insulating substrate in a



~10 the first sem conductor thin filmonly in the region with a high
surface tenperature; and a second sem conductor thin film provided on the
_insulating substrate having the first sem conductor thin filmthereon, and
having a higher nelting point than the first sem conductor thin film the
15 second sem conductor thin filmbeing crystallized by heat treatnent
wth the first sem conductor thin filmmas growh nucleus, wherein a region
of the crystallized second semiconductor thin filmnot having the first
sem conductor thin filmserves as a channel 20 portion.
predetermined pattern;
an insulating layer provided on the insulating substrate having the
metal thin film thereon;
a first semiconductor thin film provided on the insulating layer, the
5 insulating layer selectively heated by imparting energy to the
metal thin film to release the energy as heat from the metal thin
film so that a deposition rate varies between a region with a high
surface temperature of the insulating layer and a region with a
low surface temperature of the insulating layer, thereby providing
10 the first semiconductor thin film only in the region with a high
surface temperature; and
a second semiconductor thin film provided on the insulating substrate
having the first semiconductor thin film thereon, and having a
higher melting point than the first semiconductor thin film, the
15 second semiconductor thin film being crystallized by heat
treatment with the first semiconductor thin film as growth
nucleus,

wherein a region of the crystallized second semiconductor thin film not

having the first semiconductor thin film serves as a channel

20 portion.



