,e3ej 49, 6T4# 4 OCT 2004 METHOD FOR FABRI CATING A THI N FI LM TRANGI 'f%,'
TECHI NCAL FIELD 5 The present invention relates to a nethod and apparatus
for fabricating a thin film and a thin filmtransxstor used in liquid

¢grystal display devices, organic EL devices, and the |like as the sw tching

{ransi stor . BACKGROUND ART A nydr ogerit ed amorphous o1 1 1.coMANIMIMANAN

(hereinafter referred to as a-Si:H thin filnm has been put to pnaggkdcal use
as a pixel switching transistor for liquid crystal. displays, as an optical
~sensor serving _as_an i mage sensor for facsimle nmachines, as a solar cell
used as a @@E&é‘i@m GFORaIBABRICATENG 75 THELN B L¥h& RANRES BORant age
of this a-Si:Hthin filmis that the filmcan be fabricated stably on a
|'-arge area substrate with good reproducibility at a process tenperature of
only about 300'C. However, with an increase in pixel density in liquid
crystal displays and i nage sensors, silicon sem conductor thin filns
conpatible with a faster drive have been 20 demanded Conventi onal

transistors using an a-Si:H thireOHNIOAY, RIERP) ity of 1.0 cn2/V - sec at
nmost, and thus did not have sufficient performance to satisfy the demand.
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the like, and a method of fabricating such a thin film transistor.

10 o BACKGROUND ART
A hydrogenated amorphous .sih'con thin film Gxeréiﬁafter feferred to as
~ a-81’H thin film) has been put to practical use as a pixel switching transistor
for liquid crystal dispiays, as an optical sensor serving as an image sensox |
for'facsiniile 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 ltemp.eraturé of only about 300°C. However, with an increase m
pixel 'density in liquid crystal displays ahd 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

N
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25 following techniques.



2) Using an a-Si thin filmas a precursor, attenpting to crystaIILag the 5
a&-Si thin film Of these techniques, the crystallization nethod descPe b
in the tEchnique 2) includes, for exanple, a solid phase grow h techni que,
i.A which heat treatnent is perfornmed at about 600C for an extended peri od
of time, and an excinmer |aser annealing technique. 10 Wth, in particular,
the latter exciner |aser annealing tech?i que, a polycrystalline silicon
thin filmwth high nobility (>100 cnR/ Wsec) has been successfully
obtained without the need to actively increase the substrate tenperature.
This fact is described in detail, for exanple) in | EEE El ectron Device
Letters, 7 (19g6Pepesiting7a-thig Hhn orERE substrabe byopkasite enhineed rGYD,
Devices, 42 (1995), pp. 251-257. Wen a TFT of the above-described a-Si:H
thin fil meinpa youncetgdd imavlsichi leypdroghiinorf Bify ismised inag)dtegayi dredi ng
transistor, in the pixel portion of a liquid crystal display, an ON current
i's requir gHephrpdtailiziagithechenfilino wite signals applied to the TFT to the
liquid crystal (layer) within a given time 20 period, and in addition a
reduction of Izé_elm_ﬂg A1 arSinghih ik aGF peddhiSoy, %tfe%%ﬂﬁﬁg%_cﬁ%éaﬁ'ﬁie thd! a
built-in type liquid crystal display having a drive cifcuit”provided on the
peri phery 208; tHig Swpst rate, when a TFT of the polycrystalline silicon thin
filmis used in the drive circuit, the performance and reliability o each

TFT need to bosyhble! @EhInARS IR A9sQIGLIGH {uddy &l C8BMined 13 B 2004

3 In order to satisfy these'requirene or exanp ina g an
-Si _H thi s ' d {i. dr ai [ d .\uith

pur t oot 2 G ol le R solif PHese e el sechutints, FEVBI ng
I talli il thin fi ff t t , LDD st t

's & oyl ek testinenid® nattitmad P eBRuf WP ra ok amrtpetsh periofhoTaimene TFT,

and at th ame ti.ne, .to reduce.so-call.ed | eakage current in an OFF state.

(Not e tha?m?haen ?’é?lmér&f’??e?ng?;]ﬁ%gﬁ?‘g‘mﬂg?ers to a structure in which

appropriate s for exapgple, 0.5 pnm) is provided between the channel
portion (whi CWI%E ﬁ%c%?’g'lf%eﬂ?eag@t? ISSCBULY HaseyapBnesling rtedenigwe; e case
of a top- et .10 TET o ch of, the source and drain regions of the
seni condugﬁyrc?y éﬁ&?%éﬂl‘f%’e% %?nlmt@t}ﬂﬁbt wobilityef2l0) com2iVasedchase in
whi ch bet Been t he channel portion (which_is located i medi ately bel ow the
gat e el ecPPERYeFUSES optained Soithewt athe dveedn te egetivelyofinetease the

sem conductor a doping region is provided in which inpurities with a | ower
concent r aBPB#tratmtempszatuge. t Adis Fach s cdesaridvedr i detadyi fors eamptt, fiused. )
Future demands_in, for exarg)l e, liquid crystal displays would be for |ow
cost and 1FEgcElpetran PeyicsrLettersp7e(1986Yipyp /296078 de dTBERTranseatidnis i on
such as that _of photo inmage quality), and the |Iike. For satisfying such
deretfds, ovrilectran Deviess 423995k tppo@énalbon of an in-built drive circuit

axe, 20 of course, required in liquid crystal displays, and technically,
fabrication oWhen 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 ’I‘FT need to be sufficiently assured as a circuit

25 element.



an extrenely small TFT becones an inportant and essential techni que.'“rﬁmaré\w
extrenely small TFT is realized, It is possible in, fox exanple, a TFT us
in the pixel portion (hereinafter referred to as TFT for a pixel) to
further increase the aperture ratio of the pixel, reduce the capacity |evel
of 25 parasitic capacity, inprove imge quality, and increase driving
speed. In -4 OCT 2004 4 addition, in @ TFT used in an inbuilt drive
circuit (hereinafter referred to as TFT for a drive circuit), the capacity
| evel of parasitic capacity is reduced, achieving an even faster drive.
Not e, however, that fabrication of an extrenely small TFT is acconpani ed by
ot her probl enslnt ordsrdo catisfy theseakquirenpents) forexamplecin afTRPRaviE dor a
pixel is that it is necessary to further reduce a | eakage current in an COFF
state of &Gl Hhid KM, vié cbure eegivanandrthlel Srabt sdgied, atey doped Giight or
nore to reduce the brightness difference in the plane of the panel. If this
probl em i Siniyiritie 6 U¥to RiRIkeilbaRAzEYhH@NR! VIrs FBHIticH inlf TRUHGEHAY. area
per pixel and a storage capacity portion for storing an electric charge of
signal's, igolpeGRMRSInG! dificedlthid FlkCer 5&‘5&61%&*1%9(815@16 E2/8)0) §t?8&%1-g%'3' ng a

reduction’in aperture ratio. I'n addition, or the regoi ng probl'ens in

view pf t L L.rchi o oyl Ne.qaboy, i

of f se? st pﬁgﬂ?}gaﬁo ﬁjgg ?@B&l&‘r@e ?ealtf{)&orggRéenx#]g%F nggﬁ%no%%gﬁgﬁ g’ggfi ne
processin | J ) rnacy_for photolith h me
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structure gequkre stabl haracterjstics and also require the structure to
be self- al%ﬁle%,e tenm fﬁ?&c@i"}lﬁwrﬁrbe}@% tBeﬁ:éﬁé’sc(gWEﬁg’é’élNﬁ i RRWOBIAG usi ng
an increase in,osts. eover, a JFT for a pixel or a TFT for .a drive
circuit usSPRCEMAT; %fml’ewz’gr@g& \Sdiséﬂlo d betareep| e ehannetapationduthich

i nt egr at edﬁianetl .an o(gitiéal ensgr serv{ ng@g; .an_image sensor used in
facsim | e Waetataddmmedigtely helow the gatasles fartheicgse ehrdapPE3L $YPOr t he
like is exﬁ,ﬁ)teed to he gevel oped, with use of a flexible substrate (pade of
pl astfc or apgdyeach pp the opree pRdndrantregions ef ithe wemiseon dactout amdinel
capabl e of _congecti ngr}to an el ectroni c paper -4 OCT 2004 5 and a network
(I nt er net \thathe, texmec (LR stavckee” ebensr tex @ siracturedoi whick betwieeuske f or
fabriccating a thin filmtransistor, an optical sensor, a solar cell, and
“the Iike nek partiem(whicl tsclosatest iramediatelybeowt the-pakevelectrpdevand on o
TFTs and the_like on the flexible substrate 5 requires techni ques for
fabricati mgchyafithgsiopresant draims regions of the zemisivesdr atdepargirégipn dy enent
inreliability In addition, because the flexible substrate is inferior in
heat resi gravided i which exgnpitées with ashwarbsicaheratioretk b rhesd bpeher ocess
tenperature needs to be reduced. Myreover, in order to cut fabrication

cost 15t he sountreandfdrbabrégians are difpdyeeds to be reduced. 10 To summari ze
t he above, conventional TFTs have probl ens descri bed

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



below. i) A conpicated fabrication process an an increase in costss} 0c
resulting fromthe fabrication of extrenely small TFTs. (ii) A reductlghaph
reIiabiI\ty of TFTs resulting fromthe fabrication of 15 extrenely snall
TFTs. (iii)A high process tenperature upon formation of TFTs on a flexible
substrate or the like. DI SCLOSURE OF THE | NVENTI ON 20The present

i nvention has been nade so as to overcode the foregoing and ot her probl ens.
An object of the present invention is to reduce the fabrication process -
tenperature and the nunber of fabrication steps, while inhibiting
degradation_in device performance, 25 (Methods of fabricating a thin film
-40CT 2004 ®lifion, i a&l&% used Lo war ioohuilt Asive eireyiti Gh@rgimtﬁﬂeerm?ermb teas s

provi ded a nmethod of fabricating a thin filmaccording to the present

i nvent i on E8Rfor s dgivefarauit)y the tdapacity | levelnofp srdsitic abpacités rbdwcdd, | m
with filmproperties varying fromregion to region on the substrate being

fornmed by drhsehagtinveden finaér dgvehe substrate; and patterning the thin film
in a predeternmined pattern by etching the thin filmto selectively renove

only a portiomNefe, t RewkbeR) khbi PHACAREE! 5 Oth f Lk pAPCEhES THH b, t he

above-descri bed nethod, a reduction In process tenperature and a reduction

in pregces s‘i'c@gmyaﬁpéib B&eotﬁﬁﬁ @S’ﬁﬁ%ﬁzs-r%%v&%mﬂen ) éno? %% g&?ﬁl}%g{s'r l}ﬂmgl%%\g ° L glt ng

to t'he above-described net e entire surface’ o : _ _
neaL e, o TRy ol Sy SRS BRG] Bolie DAL, 7,
For sel eot Ebft ip.Af O F ald Bt 8bPEF 1072 A EvRRYHG onvenfiohally Bhratncd, " °°°"
by one digit or more to reduce the brightness difference 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 additioﬁ, 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 Lmitations. Further, since the offset
structure and the LDD structure require stable characteristics and also
require the structure to be self-alighed, 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 Liguid
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 é ultra-thin

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



15 a tenperature distribution on the substrate surface. In doing so, E@?
tenperature conditions vary fromregion to region on the substrate,"él. 2004
'conseque\ntly athinfilmwth filmproperties varying fromregion to region
is formed on the substrate. Fox exanple, when there are forned, on the
substrate, a region with a high tenperature and a region with a | ow 20
tenperature by selectively heating the spubstrate, it is possible to vary
the film properties between a portion corresponding to the region with a

hi gh tenperature and a portion corresponding to the region with a | ow
tenperature. Here, the variation in filmproperties appears as differences

in the etandg networkodmteisél) ngThiust Bachha Mldiible sShaghid edd Yequitet he 25
conpari son of the etching rate between the portion. corresponding to the

4 OCT 2004echrigaes ToWifhbridatih Jonss Qb t i ree di ng
to the reg?on 1%ith g I%ﬂ\;vh?%?rpg:hattur e:ﬁnl?ihga?%?ﬁrrg?’ ﬁgﬁgﬁ%]oag?%t %h?%?lgpr ate.

Ther of or e coRY SR tho 1 LGSk LREJBLASEL) Sty psf orted under the sare

condi tions, only tﬁe portion correspon e Ei_egl on with a | ow
%ﬁg‘v’if descr i b e FroYRd 20?5??*%%3?%”@?%9@%&%@ hﬁ%e%e‘”ﬁé?efgphs@aﬁe be

; . t _ t .
phot A thsERusRS Ye8 ah%%;iﬁa f{‘brlrcea&a"%%&%%iélﬁgs%ﬁE@E@.‘s“’w%iregﬂgae@aez on
[ ] i. . , .e is 10 [ .
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conpri si n%: depositjng. a th'gg filmon a substrate, the_ thin film being
deposi t ed Hh??afehlsal J6r i1 dgat xefistansg tacfaraxamnly, Aciassgphateateutha rat e
to vary a _deposition rate fromregion to region on the substrate. Wth the
above- des&hpeation proress demperatvgeczendsitiothe revaicedt hdloretyer, in or8ex tv ni ng a
thin film the entire surface of the substrate is not heated but only a
portion ofutfrbrication eest, Hecnumdey of fabfication stepstricedsite leatedutedel y
heated, and thus a reduction in process tenperature is achieved. As for

t hi niG i | m depdgisuinmarize thee abave, cdmentoanp TETohaeeproplengs dosmilpal

techni ques such as CVD, fil mdeposition needs to be perfornmed 20 with the
substrat ebelow.ace having been set to a tenperature equal to or above a

gi ven tenperature. "For this reason, a region of the substrate not reaching
t he above- destihi#ecomplipatedt fabeicationoproabsnand ardpresasd i costs ees@iiig ed f ox
deposition on the substrate. Thus, when the substrate is selectively heated
in the nafiver thiefebriteion of éxweeledy ent@STFIBed method, 2u only a region on
t he substrate having been heated obtains a deposition rate - 4 OCT 2004 8
required for 6i) A feduaEibhdn, relhiliRe e MR fediMine b SANFORI GRS bt €d
only such a region. Consequently, a thin fil mvm'tﬁ a predeterm ned pattern
can twe foeredmuly Batdll PETEOrming a |ithography step conventionally required
when patterning a thin film which in turn reduces the nunber of 5

fabrication sGHEPA higs Prbédd detpera®dHe ubBh foPmae®hSof 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)



In the above-described nmethods (1) and (2), the substrate may be _

sel ectively heated by forming, on the substrate, an energy absor ber™ $r0CIn2004
ener gy ébsorber with a predeterm ned pattern, and subsequently inparting
energy to the energy absorber to rel ease heat fromthe energy absorber. 10
Here, the energy absorber refers to as a substance that absorbs thernal
energy, electromagnetic energy, or thef@ike and then rel eases such energy
in the formof heat. Furthernore, the energy may be inparted by irradiating
an el ectromagnetic wave to the energy absorber. An exanple of the 15

el ectromagnetic wave includes |ight. Mreover, in the above-described

met hods (1) ab¥ {®)ordendosemsseoraectheaforpgoing prablemby thexet isdptovided m ng, on
the substrate, a conductive filmor a conductive filmwth a predeterm ned
pattern, amethodboéqfabridayingassithinafilrel ectoiding utor ¢he presenghidvention
conductive filmto rel ease heat from the 20 conductive film In addition,

it is pretempblsinghésrming autisinr flw ba seddntiate! xhbedigdfimt @ith fent | y.
When the substrate is heated continuously fox a certain period of tine, the

t enper at Upgoskirticer eaGen BE MR 88ireBioN bR tﬁe@tﬂ;@tfafwg};eﬁ?% *ﬁ;‘?ﬁ%@ .

region with a |low tenperature on the substrate surface

maki ng it sbIERATEIR Kedtthg R Subls teﬁiéﬁfrwgrrﬁﬁggﬁggbg{igagw il 2004

9 two different regions.” On the other hand € 1 s heated

I nterm tt%i‘é&éﬁez@?ﬁ@d‘?)ﬁt&&nt e&ﬂ?ﬁ@iﬁ?%ﬁi ;_Eglﬁl ﬁfseg?cﬁ%\geﬁ'gqrg%oggﬁ)mg r that

rel eases absorbed energy as heat, t enpe ure di nce t he
vary the PTaos BOHE Il R S PR B SR At P ebiebied on the substrate. |
oDt a1 10 2 IRBHSeP il RERETS LR, T an conor
ccor di ng 28 & el EnueErtetecPRng SRt ot sdhived | Chptisr B MR BHBH oy
% 5 e 0 R e el A S8R R
substrate is not heated but only a portion of the substrate necessary for flm
formation is selectively heated. Thus, a signiﬁc'ant 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
1s 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



(Met hods of fabricating a thin filmtransistor) 15 (1) In order to overcone

t'he foregoing problens, there is provided a nethod of fabricating a4lgcn 204

filmtrahsistor accordi ng to the present invention conprising= formng, on

an insulating substrate, a netal thin filmwth a predeterm ned pattern;

formng an insulating |ayer on the netal thin film formng a sem conduct or

thin filmon the insulating layer, the 20 sem conductor thin filmwth film

properties varying between a region above and in the vicinity of the netal

thin filmand other regions being forned by inparting energy to the netal

thin filmto rel ease the energy as heat fromthe nmetal thin filmso that

t he i nsul aeginp witken highdemperatuseyamd dhe portion cpmtesponding tohthe region

sem conductor thin filmin a predeterm ned pattern by 25 etching the

seni conduovith a low femperatore ethecfarmsryhaemolevdhetchine rategi Bherefore; 4 OCT

2004 10 Wth the above-described nmethod, when form ng a sem conductor thin

film onl wvanffithe @clohgt dfethiendish filonds pefeimat uiRaeheasams ebonllitioRs,

formation is selectively heated, and thus a significant increase in

substr at e dn@yRdleapbFtEor AR aﬁavrﬁ%w ttgOthel @EEGHNGA L CRHPp ure. 5

Consequently, it |bs al so posgi ble to form géit%hi n fi I%mn?{‘?ansi s%%?‘?ﬁe;gér

exa e, ; i bs - b td.0 j 1 - i bed

e hod, " o oY revRll IR, ool tohe Mrbile diSoRBOY HUBREL 2201 on

to region i i Ng . hS.peLforoped under the
(RADCRR SRR roRRerp M T br gL E IR IREREh T 4 B oy ca.

. T
sanme conditions, Specl ortron can.

For med. v Ch 1, BFRRLSSREERES uchoos RbSiotbileRulibr SPhrebabE R ek le.

(2) Furt hermonre,  in order to overcone the foregoing problens, there is
provi ded §%§thr$elfed1 Pﬂi'od of fabricating a thin filmtransistor according to

15 the present,y aventd.on conpriksing: formng, aon an.insulating substrate, a
nmetal thin fi m gﬁltar#déﬁw’e{fbf)g??ﬁ ﬂ‘gﬂvﬁléﬁopéer ﬂl?e EWW Qﬁoﬁﬁ&ﬁ’ a‘?lreFPglgr ayer
on the nmetal thi,n filmand.depgsiting .a sem copductor thin filmon the
hsulthe | g PeiB a0tk HHOAG P BRCAHRS 3 PR BUP ASCHEbDE odheGHgeRt 2
specified.region by inparting energy to the nmetal thin filmto rel ease the
20 energyué%eq?%?ﬂ @F@:ﬁﬁlﬁg' PARLNE] & ”%F—‘Frﬁ-]é‘boﬂihatswbﬁrﬂtﬁs@hatthﬁg filayer is
sel ectively, heated, thereby varying a deposition rate fromyregion to region
on the i nd&IE | SRPOSipEr only tip 1% sSPEBERSL region duy sededtinely abeating hthease
with the me%hod (1), in form ng a sem conductor thin film the entire
surface ofubffdatetdvary adgepasisigpsratadfromgegion tooegeah butthesupstraporti on of

the substrate_necessary for film :
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 necessaxy 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



4 OCT 2004 11 formation is selectively heated, and thus a reducti erk 00T 2004
process tenperature is achieved. In addition, in the above-descri bed

met hod, the selective heating of the insulating substrate allows to vary
deposition conditions fromregion to 5 region on the insulating substrate.
Consequently, a sem conductor thin filmcan be deposited only in a desired
region, and thus a sem conductor thin fglmwith a predeterm ned pattern can
be formed without performng a |ithography step conventionally required.
Thus, the nunber of fabrication steps is reduced, resulting in a reduction
in costs. In the above-described nmethods (1) and (2), the netal thin film
may serve rgquireddie fdie fonmatiomyr ard sherefereh dhin ddm eadba dbpaisitedlondy r ode.
In addition, the insulating |ayer may be sel ectively heated by irradiating
an el ect r cuehreeréegionav Consequérntly, asthinefilemerigh a predebermigiod pifteyn Eahm to
rel ease heat fromthe netal thin film 15 In the above-descri bed nethods
(1) and (de forbted Rah&id Bex ] %-Ea%l}-@c ' SRR 1 b9 an
el ectric current through ?héfoan%ﬁ?g% r%%litﬁs i'm t(g)te?:}:%%‘tskgﬂheat f%gﬁaﬁ?ﬁg nmet al
thin film t s veidesghi he d angd. ( [t |

pr ef er abl eW l{f%tﬁﬁ]tgngﬁg 315 tggﬁ) i ﬁ%)ng tgg&éthoq{ﬂgh?rgt S?A‘%l%ﬁanﬂﬁ flnhmﬁetl 0?'

intergn ttq-%hgatiiﬁﬂgjp?%orgmt%?éﬁg ?é&ét%lfe]ﬁ_g}é(%es&%conti nuously for a certain

period of tine, enper at erenc en a region with a high

t t | QN. M | t h bst r at f i
rade sl | it b PV skibRe PURGIESLT Al O 4 BRSEREE R0t bt vio
di ff t Lons. » On t her._hand, ,when th bstrate is heated

't er m 't SR Ve PR Birplor B RP coR iPcr htEA o Ao EROTENCE D5 DA FF et

regi ons can be 04 12 clearly, argéi accor di nglty it is
§

rTEde - 4. CCT 240
possi bl e £3eEFRAPFbeE Atk ReDyedeterpuns PaideTdrand suhsecreantBt BRDAFHRE f i | m
to be fornmed on the substrat E nsquéntly a pattern of the sem conductor
thin fil meOSTE ARLher eRErENR aRporpeEato Beleastideat stomcthe emeray tahsorber.
above-descri bed, nethods (1) and (2), in the step of formng the thin film
it i 0 prefifrgpithe ianergy| dypocker refes inens aaruhetanice thab aksobbs ghesmal t i s
more preferable to enploy plasma enhanced CVD. Moreover, in the
above- des EPEHSE eiﬁ?&%ﬂ@ﬁ’eﬁ)‘c anergy2pr the tike amd thewpyelfasde pouch tenrugyt fre
sem conducior, thin film the sem conductor thin film may be 10
crystalli $hefonm ofbgpti on, |aser anneal i ng may be perforned instead of the
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.
Moxeover, 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,

In 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



treatnment. (3) Moreover, in order to overcone the foregoing probl ens, Otclileﬂﬁ
i's provided still another nmethod of fabricating a thin filmtransistor
according 15 to the present invention conrising: formng, on an insulating
substrate, a nmetal thin filmwith a predetern ned pattern; formng a first
sem conductor thin filmon the insulating substrate with the insulating
substrate being selectively heated by i@parting energy to the netal thin
filmto rel ease the energy as heat fromthe nmetal thin film the first
sem conductor thin film 20 having filmproperties varying between a portion
covering the netal thin filmand other portions; patterning the first
seni condudwer diffierentitegidns. et@hithg othexf hasd, sdvencondsabstratdiin Heiakerd t 0
sel ectively renmove only the other portions, thereby covering only the netal
thin fil mihtermittently) hidvausesufl tid ohasadstistts ofiakionendde Absgiber that
sem conductor thin filmthereon, a 25 second sem conductor thin filmwth a
hi gher nelrelagescisorbémentiy bbrisdat, the ehpeoRtint SABRILEQNBYA QM b N Ti 1 m
and crystallizing the second sem conductor thin filmby heat treatnment with
the first ' 1y iyl [ n us, ; 0,0

tRRTHEPALHE rRki i fhex{ He JERWER, NHGLEUS: 1{ Z}%&égﬁloet %‘geir%er?é&m 4 of

overcane the foregoing problens, there iI's provided ye

abrigat va:p B RbeAsel Shof ASRORI N, Y9 HisBE SeE uentien
Dr et o MR AL A HRRRSLELAO Al kBT SRS S L se P C©

deposi ted %%non top and side surfaces of the netal thin film by
irrpartingp O energy to the netal thin filmto release the energy as heat

fromthe metal, thin film.so that a osition rate varies befween a region
in the vicini ?Q‘I?Pe"t’ﬂ%‘ewe‘f‘a@? rﬁtFPf%e rgﬁagothfératfl¥lb&lah§ﬁcqr@mﬁg, thh the

i nsul ati ng,substr at. avi first sem condugtor thin filmthereon, a
second se%gxﬂ'i?éf%ge(? HPHH?Q‘# Rﬁ/\ﬂ“{ﬁf énhﬁ%éFe t&?@sbfénﬁtt}tehéhm KEnY j r st
sem conductor thin fjl %pi s .and crystallizing the second sem conductor thin
fil by h@sgording tothe ahpve deneribed metberk @batiixprateraiie 16 ienlas CGJFOwt h
nucl eus. (D) .In order to overcome_ the foregoing problens, there is provided
anot her mEtREHRE%IN the abeweidescrabed methof fil), raumerigs the CARR deatimigues) it e
present invention conposing: formng, on an insulating substrate, a netal
thin fil m3aredreferablg templos pagmpmenbanged 6VM.ng an i nsul 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 filmwth filmproperties varying fromregion to region
on the insul afVetheds/efifabeicatingon thenh fkm itresiston)y energy to the netal thin
filmto release the energy as 25 heat fromthe netal thin filmso that the

i nsuldati ng | aSIBr In ordet ¢ctdvertome theQoTegdldd drbbl@atetheratst Bfovided tahe
first sem conductor thin filmin a predeternm ned pattern by etching the

first senmmethddcobriabhicatihig! @ thisefikat is@lsistbeNmEErARGY t& N tireSef the
first sem conductor thin filmw th specified film properties formng, on

the i nsul ivengicailbshp st Reinitng Nt hAGALuRCHRTAMENS! Qb Thbd B
t hereon, a second sem conductor thin filmwth a

with a predetermined pattern; forming an insulating Jayer on the metal thin

film; forming a semiconductor thin film on the insulating layer, the

20 semiconductor thin film with Alm 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 pattexn by

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



hi gher melting point than the first sem conductor thin film and -4 gp7 A
crystall %nzi ng the second sem conductor thin filmby heat treatnent w tﬁ tzf%
first sem conductor thin filmas growh nucleus. (6) In order to overcone

t he foregoing problens, there is provided still 10 another nethod of
fabricating a thin filmtransistor according to the present invention
conprising: formng, on an insulating 80bstrate, a netal thin filmwth a
predeterm ned pattern; formng an insulating |layer on the insul ating
substrate having the netal thin filmthereon depositing a first

sem conductor thin filmon the insulating |layer, the first sem conductor
thin film bei W¥ithstheepheve descoitied inethod pebef ifermiregyiacsenmygondpetor ithip ener gy
to the metal thin filmto release the energy as heat tomthe netal thin
filmso tHdm,tdndyianpattin nfjthaymsulatingedubstrate nedessdrgdfor tilar fdxymatisyi ng a
deposition rate fromregion to region on the insulating |layer formng, on

t he insul asi selestibelyr dteatedyi agdt thuéi mstsigrifieandigéast hin fsubehiber eon,
a second sem conductor 20 thin filmwth a higher nelting point than the
first sentempdugtue tdum bel rpranentydystreblitzignOtHd1e ps6easd t3aifczanduct or
thin filmby heat treatnment with the first sem conductor thin“filmas

growtd) nuclessquently/ i i8R0YS pHESEId RPEAPLNOAE A1 théhdiGor IiChle, thi N

filmmay serve as a gate eleCtrode 0z a source e

el ectrodeon@ﬂ%&qég'g . when the netal thin filmserves as the gate
el ectrode, 1 n the H%VEZOM 15 above-descri bed nethods, a bottomgate

type thin filmt i St Qf- be,fabri cated, On,t ot her. hand n, the
metal thin fi ﬁ%é@@%’?%@“ﬁﬁ@’%%&%’éd&%&ﬁ?%d‘éaﬁ@? tanéeﬂ"rl%‘?rﬁﬂkqt%%sghe, in
t he above SCEhD net hod a top-gate type thin filmtransi stor cap be
fabri cat eéﬂ%%@?ﬂ’@r%qp@a?ﬁv %@\93‘ H&Pi“&eﬁe%ﬁéﬂsb?%m? ’(%5‘? t he
insul atin e sel ectd vel vy heat by irradj.ating gn .

el ectr onag}rlllég%égég\g@%@ggg # Pﬁ}tf%&m?‘%émaﬁ‘é?@? ,ngn(? (quéjilﬁﬁ{lé'l OIﬁﬁianSHqCP‘ﬁﬁq 0

rel egse heat..from bhe rIetaI ~-thin fiJm_In the ove :descrjbed ngethods
(3) 1% (6POrERR Ga%s Be PSRy remenedhe Gonseaueativva yemaeansingtor sBELi ng an
electric ﬁrrentlhthro%&g the netal thin filmto release heat fromthe netal
thin ;fil ™ ¥ihe RERNeteppieed pattera: ¢anide Bymed vathout using pemaskbl e
that the energy be inparted to the metal thin filmintermttently In the
above- des@FRIS¥PHRrREUSPm I fabricytion posthe step of fornming the thin film
it is preferafl eEto enpl oy CVD._ Further, anong the CVD techniques, it is
more pref er able X ertbapmeyepnaender datnveseamerbe foregoing srobkemin shersd sl

met hods (3) t, éG), after the step of forming the sem conductor thin film
the seni cBReNidedrangther methodesf fabrinapiizah| than dilng drégistorascordiong to

fabricating a thin filmnm )
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



(1) I'n order to overcone the foregoing problens, there is provided ,a,.g
appar at fox fabricating a thin filmaccording to the present invehtti & 2004
conprisihg: a netal thin filmformation nmeans for formng, on a substrate,
a-nmetal thin filmwth a predetermned pattern a thin filmformation neans
25 for formng a thin filmon the substrate, the thin filmwth film
properties -4 OCT 2004 16 varying frdhregion to region on the substrate
being forned by inparting energy to the netal thin filmto rel ease the
energy as heat fromthe netal thin filmso that the substrate is
sel ectively heated; and an etching neans for patterning the thin filmin a
predet er mfmﬁabaﬂtléﬁﬁl%yVébcheﬁgdt podtthius sréductaonansgtoeess tephyermears/e onl y
a portion of the thin filmwth specified filmproperties. (2) In addition,
in order t®aokievedme the foregoing problens, there is provided another
apparatus fox fabricatang a thin filmaccording to the present invention
conpri sing: almedditibhjin fhid abéwo-fesdritederibod thelR]dRive H‘éhtix?é‘o?%he
substrate, a nmetal thin filmwth a predeterm ned pattern; and a thin film
f or mat i oninmdasinzosubsratd QlRdwWidH \fdlé/”ﬁ@ﬁoéiﬂgnsé@ﬁiﬁ%E 1fr6ﬁeré@hﬂ {g!m
being fornmed only in a specified regidn by Inparting enengy to e netal
thingilmg e g . t ta i filmsgo that -
f i | mesohebRagRe ‘iﬁ‘tﬁllﬁﬁ?}% ¥u 55&? é&ﬁ@q&/ﬁﬁﬂ?a Eexhgdﬁglsdﬂck%n e 15

the substrate is selective heat e t hefeby “‘varyrhg a

fromregi ghyt @ak &Y t - he aboverdescri bed

configuration ?I )Ewaggp?%éﬁt%ﬂgu?leénﬁ%ﬁrﬁnh&g%’| yﬁégﬁsa ﬁﬁ?n%od‘r‘rl&‘f%re: a

reaction ygss f ' he spbsirate insigde an electromagnetic wave

i rradiation p(ﬁ)irl?i‘gﬁhp%bgé&rggmgﬁﬁﬁagtﬁ%lcé& eoﬁﬁﬁwgtw%\%\t/é’,el EFHES as the

energy, t al,.thin fil. supply .20, portion for supplying a source

gas to anﬁlﬂtrlfgger&g%gf #Becoangge{l%ﬁﬁ};gggﬁ}%gnd ’Ig"ﬁseélé? iné’ﬁn}é%?fﬁ%lrtﬁ@tw&ti on

for excit] Lcal. reaction of .the spurce gas. (Thin filmtransistors)

(1) In oré{eb%s'?ggggg}ec(gﬁﬁs &1 2 ZEHANCHOR BbFestE: there is provided a 25

thin filmtrapsistor, according.to the present invention conprising: a netal

4 og? 2004 17ﬂt ﬁ?’ﬁ 3RvG (?Pé\?f’ﬁgdamﬁﬂ&éﬁ éﬁrr%ésé%a&heemtalndlq@r lmdwayon an

i nsul at i ng substrate. an i Hsul ating layer provided on the insulating

subst r at eS§XGi 852 EAEE fhectiode or @ squtse elrsteaste andhe daabeeiectrodact or thin film

having a predgternined pattern and provided on the insulating |ayer,

wherein the 5 %eﬂaa"&%ﬂihcﬁ B EHiMatngmlagemanapr hed selectivelypriehtedr biyned

pattern b% fq%.Irm' ngg) the sem conductor thin filmby inparting energy to the

metal t hi HY#AHNE ancplesomagnesicempyeasenang 4s dheténerggt & theimetdll m so

that the insulating |ayer is selectively heated, thereby varying film

proper ti e2uB thTelepdeheat fovythambtahthindilw cinity of the netal thin

filmand other -
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 flm

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 éontinuously 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 diffexence between the two different regions can be made



10 regions, and subsequently etching the sem conductor thin filmto
sel ectively renove the other regions. (2) In addition, in order t61b\96ﬂ'cm
t he foregoi ng problens, there is provided another thin filmtransistor
aecording to the present invention conprising: a nmetal thin filmhaving a
predeterm ned pattern and provided 715 on an insulating .substrate an
i nsul ating | ayer provided on the insul 42i ng substrate having the netal thin
filmthereon and a sem conductor thin filmhaving a predeterm ned pattern
and provided on the insulating | ayer, wherein the sem conductor thin film
is deposited only jn a specified region by inparting energy to the netal
thin fil mi@ﬂbl@&ié\c@m’dﬂlﬁﬁﬂg% agss%bbt tozdeaxlgmamd%mﬁ]m propertidsl ofiso t hat
the insulating layer is selectively heated, thereby varying a deposition
rate fromsesytendudtor dhimrfilon tohiee ifosubditimghé asdistrator t Donseqeently) 4 he
above-descri bed nethods (1) and (2), a sidewall of the sem conductor thin
filmnmay hetera gethd gemliapidwgtahtiia. M tdbtainecoafter etdiak @ChE RQads he
sidewal | is perpendicular to the substrate surface 4 2004 18 and
there i s distnetly.a step hei ght between the semiconductor thin film and the
insulating layer. Thus, when, for exanple, a source electrode, a drain
el ectg ode, andgput hd<fa- aﬁﬁﬂ‘( o] I e Il
di scoE{mecti on Irlraﬂ%%o%%dlj% %%%%Bﬁgﬁg@e%n’gel g t2_5, Eﬂ&gé%rteﬁ g’g?ﬂ{n{%t}gg
above- desgpq onf i:gqu i kadewald. . he_seni cond r thin
Sl O3 ia: REMeRIRe RIS TS el SRR B O

filmhas a gently sloping shape, e to e of

o sconnecthahiols) b5 B R GO0RS I QL SO RS, here 1S
rvent | on Comghahng: ;A O Mo kAL REBEIGT00 08 LASVLELLG e

d ited : : 1 hiyn fil .h i i d hi
depost | e 8od Bl RN AREEL Shif T, 'l b St RerRGEAuctor ¢

energy’ t?r;{he met;al thin filmto rel ease the energy as heat fromthe netal
thinfilm sﬁ “providing the first 15 sem conductor thin filmwth film

properties vai%i n .Eigt Wlalen a portjon covering the netal thin filmand other
regi ons, and bascch At 1195¢% pe@eRiBEy A DO | PRyTemmedtinateash of itheshest
etching; and a second sem conductor thin filnprovided on the insulating
subst r at eM$2M8YLt he first semiconductor thin filmthereon, and having a
hi gher nel ti n&t)p jnt than the first 20 sem conductor thin film the second
seni conduct or \WhVPTEPYSH BB arflear ips puercomed the fhregoing epobberhs wihidret fee fi r st
sem conductor, thin filmas growh nucleus, wherein a region of the
cryst al | i PERVided sHY arethesmathast oft fabmicating aehithfilinngahkisté astording
sem conduct&; thin filmserves as a channel portion. 25 (4) Moreover, in
ordef to HEREBRESATHEDVEREgDi tagnprsibige fermingeroa as insulbtiNgsdP&date, 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 £lm
20 having film properties varying between a portion covering the metal thin
film and other portions; patterning the first semiconductor thin flm 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 flm thereon, a.

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



19 provided yet another thin filmtransistor according to the presggtUCT
invention conprising: a metal thin filmpatterned on an insul ati nd 2004
substratée in a predetermned pattern; a first sem conductor thin film
deposited so as to cover the nmetal thin film the first sem conductor thin
filmbeing deposited 5 on top and side. surfaces of the nmetal thin film by
inmpartin g energy to the a netal thin fl&l mto rel ease the energy as heat
fromthe nmetal thin filmso that a deposition rate varies between a region
in the vicinity of the netal thin filmand other regions a second

sem conductor, thin film provided on the insulating substrate having the
first semsesngerdwetor han iy andrenystallisthgh she mgcmdnsghﬁcom@mtbng%mi nt
than the first sem conductor thin film the second semiconductor thin film
bei ng crydilam Ihyz beabtrémtaentr vathnthe fusthseavieofdustorsthinchhrugg growthn film
as growt h nucl eus, wherein a region of the crystallized second

sem conduatwiewdii n fil mnot having the first sem conductor thin film serves
as a channel portion. 15 Furthernore, in order to overcone the foregoing

probl ems, ther(@) I8 drderitdeteididiChe tf@iégpfﬂ% préplens $hefe ACSRIWASD ybp the
present invention conprising: a netal thin Tilm patfer ned on an inSul ating

substgate dribtﬁelofrﬁ}iﬁbﬁ rdﬂﬁﬁ@c%%é{%iﬁ{ﬁ%;hﬁnﬁah?%t@ﬂa&ﬂﬂnﬁ@?ﬁ%‘?&sﬁt the

i nsul ati ng substrate having the ereon

sem condu : j .20 ' j r. W N

houl at i nay et ok RigP: LARIER, 68 sl ERLBRnE H w T A et o
thin filmg.: ne as heat. fromthe netal, thin,fil t her eby
varyi ng fi‘Yltr%de; §%§‘f§5‘?§éﬂg‘f P ﬁét%#]’r é?P%SéﬁPE&. %ﬁm]tcﬂpﬁu?‘i‘)lr%h%ﬂ]@eﬁo a
portion cqrrespandi to region.wth a_high surface tenperature of the

i nsul ati ng™l goyé:f’v?ra&gf ’Qeg%lr ?Ii%(?n%é?'c'gﬁgr g‘gﬁgﬁﬂﬁnﬁﬁmt CEOY 4BV bAXT ORIRE | ow
surface t ature.of the insulating 4 200 0 |layer,, 1he first

sem condugég(lsg]t%lél SOLY OR, 0B ?ﬁfﬁlrd(a?\ﬁ‘ﬂgﬁceérﬂfﬁrpﬂ?j tf’é@lﬂ%"\km Hnpaiing

surface tenperatur b t.chi the fjrst sem conductor thin filmto

sel e@fi veI?f/‘eF@f’r%Q/éﬁP Hﬁgﬁzrtﬁi‘%&ﬁ%m é%iﬁ@ﬁ%litﬁﬁ angrER @srkptswoms the mataly
surface t erature _and a second sem copductor thin film provided on the 5
i nsul at | néﬂﬁm %‘%Q‘%@%ﬁgwﬁ’@nﬁaﬁgt‘f%@ﬁ MegBt D regirnADf thenyicinitkeh, and
having a rﬂ]gher ti rﬁ point than the first sem conductor thin film the
second sefPtIREF ttIM dHmhand| athpe ragonsy farmingz eu thy insutating substraten t h
the first_ sem copductor thin el mas_growth nucleus, wherein a region of the
crystalli b@a%%égﬁ wEnsesvsemdueor tthin fline theveom an isagondh eefmicatdudor

sem conductor thin filmserves as a channel portion. In order to overcone
the for egéPHyBRoBithg highesrmelting pointddansthe firsisenticondurtor thinmfilm;

transi stor according to the present invention conprising: a metal thin film
pat t & ned 284 @stallizing thegsecandtseatieonductop tisioeflon hiyrieeh tpat st entwith

insul ating | ayer provided on the insulating substrate having the 15 netal
thin fil mhedrsbsemidonducterdhin dlovias growth nuélehs provi ded on t he
insulating layer, the insulating |ayer selectively heated by inparting
energy to the(®einl otderntd ioverdome eheafiregdinzepritlymas thead ibrpyvidey met al
thin filmso that a deposition rate varies between a region with a high
surface tenpthatmethed of Rbrideilas ithn Eiaraasidtdr mafmngotﬂmeﬁdee%wur face

20 tenperature of the insulating |ayer, thereby providing the firs

sen condufhwentidt Boﬁxbﬁﬁ;@é-ﬂﬂdrﬂnih%f}ﬁ) ﬁﬁ%gﬂé‘gﬁ@s‘%%gﬂ.@@ﬁﬁ%@e‘m ature;

and a second sem conductor thin Tilm provi on t ati'ng supstrate

Tol 10 par it e RE NS S el Berhlnaan W 10he 106 A8 SdpRalsthE”

3 aor 2004 91728 R HE R RUE, Slin 4B 8o NRing BJEST RReHERAE Pl on

of the  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



crystallized second sem conductor thin filmnot having the first

sem conductor thin filmserves as a channel portion. 5 BRI EF DESER

OF THE DRAW NGS Fi gl is a cross-sectional view show ng the fabrissgi 5&%4
step of a thin filmaccording to Enbodi nent 1 of the present invention and
illustrating the situation in which a surface of an insulating layer is
selectively heated. Fig. 2 is a cross-ddctional view show ng the
fabrication step of the thin 10 filmaccording to Enbodi nent 1 and
illustrsting the situation in which a sem conductor thin film has been
formed on the insulating |layer. Figs. 3(a) and (b) are diagranms for

i |1 ustrat ikRAtedl vatteyaing dhpnirssf seminohducttrethinn fidmmin hogredeteaiminedt i ng a
thin filmaccording to Enbodinent 1. Fig. 3(a) is a graph show ng

t enper at unmattérst biybetchirgs the first senttaoduabr tthin B 16 ykkictively ay@bve and
Fig. 3(b) is a cross-sectional view showing the main p art of the

substrat e.onfyga dortiora ofr eEh £l3eVéetgicbRQuéRh athiAN NP wAeh Wgedkifisd Frlippt i on

energy and irradiation tine of light, in the nethod of fabricating a thin

fi | macconoperties; ETbpdin®ntod . tB0 RnQulRids duBsaRbe ShQU
rel ati onshi p between Si H2 Si?—l ratio loruet%:hiéngur ate and terg%etrtg?uﬁgsgn t he

surfage Ofsehtigon disitbRithiid fllAY Sherebh, ta@ed%ﬁﬁ@éln@onﬁﬁ@f&rcﬁﬁh r@n? wigh g film
Fig. 6 VI éw T or

according to Enbodi ment 1. g. 6 1S a cross-sectional
st g cBlang’ Jol SOEEORUCIRN | ATl IR TBEROGl
the ot nod B ARt UL BEi o 4\ BE Phrchey Bochesiobantrartt BHREE o o
2 Surt ace Hat MlAR B woR Bt o BN AR ERAR o1 Tabricating a
(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
invenﬁon comprising: forming, on an insulating substrate, a metal thin flm
with ja predetermined pattex'nf 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, thexeby varying a deposition rate from
region {0 region on the ins'ulating 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 (), the metal thin Slm 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 filmaccording to Enbodi mrent 2 of the present invention. Fig. ,‘9"i0§Ta2m"

cross-sectional view fox illustrating a nethod of fabricating a thin film
accordi nb to Enbodi nent 3 of the present invention. Figs.10(a) and 10(b)
axe diagrans for illustrating selective heating of a 10 substrate) in the

met hod of fabricating a thin filmaccording to Enbodinent 3. Fig. 10(a) is
a graph showi ng tenperature distributiqfs on a surface of an insul ating

| ayer, and Fig. 7,0(b) is a cross-sectional view show ng the main part of
the substrate. Fig.11 is a graph showing the relationship between the
amount of 15 electrical current and application tinme, in the method of
fabri cat i rapoxetdasaribef mmathodsi adottonErgadeli typst tHin filmg. tréfisistor can be
cross-sectional view for illustrating etching of a sem conductor thin film

i n the netfhbdcated alOncidtd other hand, fwhen ahsondtalgthie Rifogéreetasdtha@0
Figs. 13(a) and 13(b) are cross-sectional views show ng the fabrication

steps of @onged eleatheciecdnd the drbdimeReadd 1o the aBEbedicdBAbe® niithbhg #r esent
invention. Fig. 13(a) is a cross-sectional view for illustrating the

format i on tep-gaits $yp@BinSBERNLas5ik QAAUS fibridakey fi ! ms, and Fig. 13(b) is a
cross-sectional view for illustrating the crystallization of the second 25

i conduct itRefhbfR. in Aadh 4 i
o oses secti onal TavRoE, dn, b Spedverdtrbdd oo B A Bslliee (i
fil j ' 6 { - tion. Fig. 1 i
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Fig. 15 i% a ﬁi’?‘n view schematical |y showing an apparatus for fabricating a
thin film P}Iﬁ Stor used in Exanple 1 of the present invention. 10 Fig. 16

System used | P ERE et bed Tyeblds (Pioansi wit, INSRetng Fpugr TV ¢) are
e 0 WL NS R g AR NN U
to release heat froni 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 film, it is preferable to employ CVD. Further, among the CVD -
techniques, it is moxe preferable to employ plasma enhanced CVD.

In the above-described methods (8) to (6), after the step of forming the

semiconductor thin film, the semiconductor thin Alm 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 flm 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 flm properties



present invention. 15 Figs.18(a) to 18(c) are cross-sectional views,f@it 204
ITlustrating the fabrication steps of a thin filmtransistor according to
Exanpl e D of the present invention. Figs.19(a) to 19(d) are cross-sectional
views for illustrating the fabrication steps of a thin filmtransistor
according to Exanple 9 of the 20 present invention. BEST MODE FOR CARRYI NG
OQUT THE I NVENTION In the present inventgon, a thin film is formed with the
substrate having a tenperature distribution, thereby reducing the process
25 tenmperature and enabling the formation of a thin filmhaving a -4 OCT
2004 24 predeterm ned pattern without performng a |ithography step using a
mask. A nyeEyBgefriom gegionctd pegion drs the sibbtrabs being fotineeds bgsimpdsimur f ace
is selectively heated to forma thin filmwth filmproperties varying from

regi on toeneggoto tBy matdlrihiadilantageleate Shdidneespredsedtirometias ahitag rate
caused by this variation in filmproperties, it 1s possible to perform

pat t er ni nghiv Eheuso pleaf olié Bgbatrhtd DoSElAPHVeIS BEatEE] BA S BEdhing MeddlE
substrate surface is selectively heated so that the depositionrate itself

varies frgsp pagpid tH@%i‘ﬂ“ﬁlx@Mntﬁbkwt@%%&gﬁtt‘éi? By LRRGIEERe Hhid 1 Lhe

deposition rate, a thin filmis formed on peci reg S an e

cor T chpontit & P PRESY oy Tenty 4 ARR b thERni TR LR by RRE R TV

heat i ng t?goﬁm&gate surface, an energy absorber is utilized, making it
possible to forma thin filmwth filmproperties varying fromregion to

Such that whort b SYRRED. b BEFELFo PRerPrtIFM GoreRPing BFONFROmbAR Ic 20
vaves such, &idea “haother apparatis Tor tabacating a thin Sl accordme o the o C>
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 ﬁim being formed only m 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
18 from region to region on the substrate.

In the above-described configurations (1) and (2), the thin film
formation means may comprise: a reaction vesse] 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 souxce gas.

(Thin film transistors)

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

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



as energy and further releases the energy as heat. An energy absorber

havi ng such a function can be forned, fox exanple, of high melting=hobGE 2004
metal s slch as Mo, Ti, Cu, and Au. The energy absorber is formed as

foll ows. Specifi caIIy, as shown in 25 Fig.1, on a substrate 1, being a

gl ass Substrate, a precursor filmof energy -4 OCT 2004 25 . - absorbers
2 is formed by sputtering or the like, 1@nd then the filmis patterned in a
predeterm ned pattern to formthe energy absorbers 2. Fox the patterning,
photolithography, for exanple, can be enployed. Next) on the substrate 1
provided with the energy absorbers 2, an 5 insulating |ayer 3 such as Si Q2
OR Si . Nx ithim dlaedaving th dradetermised Huatheim aRidgpravided tdn heimubstingt e |
bei ng heated, a sem conductor thin film®6 nade of an a-Si thin filmis

formed on Sttﬂbetnatte.uantmagleltay@ﬂas&xbyrovﬁd)sd exathe! B subhisgaudirhane Qﬁhvﬁx/@ The
heating of the substrate 1 is carried out, fox exanple, as follows.

Speci f i calthy, mdtghtthdn i Blhr thelicahe tardit® ddisicERERERT SHTATTOT 488
substrate | fromthe other side of the deposited surface of the su strate

L A an gneleterfaubegattéd 40 bRYviltalln LS SLRON 14 SIRRLEMS |

hal ogen lanp,. a xenon lanp, or a netal halide

abaord 1 heeTIERFAGHEE b SbC & AR T GO P?%Qég%"ﬁéiﬁ RPBRRYY as

absorb the 4 as ght ener nrel

heat . Thu%"orrﬁﬁﬁ ﬂ?@ﬁéﬁlédﬁu‘@t&f tnyﬁH{m ﬁéh Eﬁﬁ)géggg?%é?ertg iagt%xgba hi gher

tenperature than ot regions ere rgy

ded th t h b t
Pre%lergturewﬁgu%ﬁa%e s}ﬁécﬁené%rﬁ? ?’g?g?gmﬂl g}iere ‘%ﬁf(ﬁ? ]tnb sg’e u . ab$ t he
20 dotted F h h
terrpgr ate urlllélgsgf% &ﬂg? rjré é@l'e{:p‘g hrn?%g%ﬁ» Itﬂ?m?’&a V§Iﬁ§’§{agr m)Z()@%%qu n Fig.
3(b d h I h h f h
scoti on o PERLEEE gctiiod wBokf and B Hie. B isinsh e dRetal (Ph A aAdisth Sk on

he sub tra erature_in regions where the energy

f
2zrsoglcPF sor blj?é‘ és,a%?f ﬁ}%g%mer} gkh nsggpéﬁmr@uqter albmjﬁlmdg@e actively

substrate qul' 04 26
remove the other reglons.

(2) In addition, in order to overcome the foregoing problems, there is
provided another thin film trausistor according to the pxl'esent invention
comprisingi a metal thin film having a predetermined pattexn and provided |

16 on an insulating substrate; an insulating layef provided on the insulating
substrate having the metal thin film thereon; and a semiconductor thin flm
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



tenperature at |ocations, a few pmaway fromthe energy absorbers 2 is
about 200C. The reason for setting the substrate tenperature in rédi 8CE 2004
where the energy absorbers 2 are present to about 300C is related to the
deposition 5 process of the sem conductor thin film®6 nade of an a-Si thin
film Specifically, in the case where the sem conductor thin film6 is
formed by, fox exanple, plasma enhanced8CVD, the deposition tenperature
needs to be set to about 300C. Thus, the above-nentioned substrate
tenperature is only an exenplifying value, and therefore the substrate
tenperature sphould be |0 ¢changed and set in accordance with materials and
deposi t i on'i"d*; eésfrBPdaOfﬁi%ﬁeP' erghiob v aeny thegsemisondueter thie fduband at e
tenperaturmg specj fi_cahl y nmeans the surface tenperature of the insulating

| ayer 3. HBgepenlating laeryr dbas: whenefor enample, a sahe plestrodbea tdraiteposi t
a sem conductor_thin filmdirectly on the energy absorbers 2 w thout

provi di ng elepsrades upadi thel diker a3e” forrhed sonh the casmicondacsab sthimt Slm,
tenperature neans the surface tenperature of the substrate 1 (the substrate
t enper at urdesiomneejonnmaghecent uecerner thyé stbpohbighs. 2 Hswepsies@tini $hé he
surface tenperature of the energy absorbers 2). Methods of irradiating

| i ght5 ont abohe-desbshediconfig@FRidi! Wit thebillelalPEf tHedneidon BQMRY Shiy f OF

exanple, as is shown in Fig.4 show ng the relationship between irradiation

ener gy (J}alanthalsr § agbraly %Ib;ﬁiilges}(aﬁﬁ?)it q5 paghile ﬂo;fdgﬁirﬁffef St EdLp

irradiate light intermttently at specifed interv n dorng so, It is
possi bl e tW@sdehaveiibnt he tenperature distribution of the substrate 1 from
mal ting a snooth distribution curve, as shown by the dot-dash line in 2S

Talocr 2boa |57 hgrEEk rd bektiphlel ¥ ArbE R Mo BB e T etk ™ ©
?E%E?{Sﬁégﬁ%%ﬁwﬁ%*ﬂlﬁlﬁ?;a@ﬁ%'%@;%g@%%i@??é ?ﬁ%s%n%ﬁ%é%@ﬁéh?ﬁj’i‘waa s
. . . : . 3 As

f Llﬂlf%' ﬁf&?‘a{f@%ﬁ?ﬁ%éﬁrﬁ?@%@é Rt stdﬁaeiﬁ?iqeﬁfbe‘%%pﬁ% s'is

utilized. Pl f¢ | '%ou&,il ioz the SiHA is.deconposed by the plasna
pPRl’ A SenpRolthugiof Shin A1f depsiedlt 68 B roien the Mt

R e e

\émet/i CZU(l:.o En[&%' ratl Ss ch. as I.alsnﬁ enhanced CVD. ﬁTﬁ:r?gi | m propertingsaof

the sem cBn‘% %t%‘?’j "ﬁﬁ? ﬂﬁﬂ’l ENRaHELE 1 SRPLEH tph@esﬁl?é@]r thia filgrteareloasepend

on the power, operati ressure, gas flow rate, substrate tenperature, and
Hhe spske B bt

the |ike % anhEat drrevibe metahthin Almy thrsebprmoviding te fimst pover

of pJ.asma_enhanced CVD and..the 15 supply of SiH4 gas, it is possible to
depo¥i t, 8??“%‘}?8%%‘65%% B&l’bqﬁﬂ“wvflﬁh m 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
flm provided on the ansulating 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



substrate tenperature of 3QQC, an a-Si thin filmwth excellent ~I,z-@
properties, containing therein few SiH2 bonds. The variation of the quTn?ml'
properties of an a-Si thin filmwas exam ned in the case, fox exanple,
where the substrate tenperature was varied under 20 the sane pl asma
conditions, and as a result, a curve shown by the solid |line in Fig 5 was
obtained. Fig. 5 is a graph showing the% el ationship between SiH2/SiH ratio
or etching rate (nnm sec) and substrate tenperature (C). As can be seen from
-the graph, as the substrate tenperature decreases, the SiH2/SiH ratio

i Nncr eases. [n.(i\%git' on, .t he gr@h shows that when the 25 substrate

t enper at urRFovideghyet anphes;thin §lm franststos arewdme torbes presentlingention OCT
2004 28 show that the a-Si filmcontains few SiH2 bonds therein. thus, in
the sem cHRRRESNE A Mmetal nthén  Bimeppternede on nanliasiladingsabstrats lip 4i | m
properties vary between regions 6a formed on the energy absorbers 2 and
regi ons 6iprsdresTmingd paterrsga dnst GamiSpedidtor ahiy flh dehesitedisangs 68, 5
since the substrate tenperature was about 300C, the filmin such regions
cont ai ned dower $heitnétahdhima it fthe fad sbinieaddwosy i8Sl iR Mepolitb@Onds.
On the contrary, in the regions 6b, the substrate tenperatur s about

200C, 5 and dohtop hhd ik Burfacss of the i A | rous
Si H2 bonds. g%g Next, the sgm' congggdtlgfrﬁttw ﬂ?{nl’ ?@‘?@%@%ﬁ?&mﬁﬁgw

per f or mi ngnetdlithiedlaphy &leme 8Re efhl : CIH he
sem conductor thin film®6 is ae t hi ﬁﬁ?%ymgét}l(?ﬁ%tfg%@ ?#;ﬂ?elt?ir)n%%ﬁ%ﬂ?’t Pes vary
bet ween t RBat QUUEHSsiE8, L84 | 6. ISs.variation in.fyilm
pr ?)pte_rt i e;_ apgilr 5 As gxﬁ%igr enc{esg?% n %E_ﬁ’egée%&%al ?@?e"lﬂ&w gft‘ E}Eﬁ ﬁtalrhet
rel ati onshj, riation i:n filmproperties_and etching rate
can be cl ea?f y s\ggﬁafé p%rglﬁﬁq%es’é% ?eecgﬁflti(f@ﬁgna}‘?ti%rﬁima@ﬁip&@‘_dl g G,
ctbst r at o & mePEEE SBO BalyBle e fifsh somic ST S B SheReARoy t ho
dot t i i j : bt.ai ned.. The ne r.ed val ye re obtained b
hydr 1é)tgenl %ﬁg!sfrir%%% ?ﬁggﬁﬁgﬁrﬂ?lﬁk&g pen K ; S"lcj)ﬁf%\?/%mb‘ioé’&;‘u ; _ ,Ct‘?lhéhiéltﬁknngyr at e
than int 08 RoohBSSRILERIANE Gin' flid, beinkostallefd dhymheat ivennenty: ons
6a and the. | Qr nder.the onditionsg, the filmproperties vary
bet ween tﬁ"éaf&%ggi%?g?gﬂ?m}déﬁit%gﬁﬁgﬁf@i%%ﬂ Rupkess, wherpin strefiomg rat e.
removed. | hahen G Aiatized efeongo somacendceondbin dhlnn ot iaviee vieh Sast
renoved,
pr edet er m ned ttern, .as.shown in Fig.7, can be fornmed. Here, sidewall
portions §e181‘°°g‘3ﬁ’199@dﬂ’é{‘cﬁ4ph§elb@§tais@néla?ﬂﬁé\mrﬁogent |y sloping taper shape.
Not e t hat al Lgou h the results shown in Fig. .5 were obtained by hydrogen
pl astfa treat meHt? eé'%cﬁ‘a:r ARt oRsleg akoe overceme dserdforegeat gepriobernb, tisereri,
di fferences |i. he etching rate were brought about. According to the nethod
of fabri cBf9Aged amatherthim flm Heapsistenacentod tenthalpsesdrtcthweberwa, a
sem conductor thin filmwith a
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 flm
20 formed on the insulating layer with the insulating layer being selectively
heated by imparting energy to the metal thin film to velease 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



predeterm ned pattern can be fornmed at | ow tenperatures, which in tur,pol.? 200
al | ows f%thi n filmto be fornmed easily on a flexible substrate, for '
exanple.’In addition, it is not necessary to performa |ithography step
conventionally required when patterning a thin film and thus the nunber of
fabrication steps is reduced, resulting in a reduction in costs. Moreover,
since an a-Si thin filmformed in the #lesent enbodi nent contains few Si H2
bonds, when i5 such an a-Si thin filmis applied to a thin-filmtransistor,
the thin filmtransistor with high nobility and high quality can be

obtai ned. .Furthernpre, the a-Si thin filmhas few defects therein,

achi evi ng 1&}’%&3@?&% semicondugtorc thine fim; being pruvidedioaly 30 theboeginent 2
Enbodi ment 2 corresponds to the case %’) descri bed above. The present

enbodi mentwihda thight sidaes Aempepatiineehy atching tthe Brstesdmicohductont thin

enbodi nents enpl oy an energy absorber as a neans for selectively heating
the subst rfdietsseleativelyHemewer the pertpresantsporididi e theiregidn withf £lemt from
the foregoing Enbodinment 1 in that the substrate surface is 4 OCT 2004

30 sel ect isnefacehteatpetasard; atd khrcoed @siitaiuase thinsalh pratidd & @Her egi on
to region on the substrate, thereby formng a thin filmonly in specific

regi oms. lLnselatiry sWBdtrh e hdonRns thé Fist bRV BR LS TRy ﬁ%ofhetre?ﬁ eghgn on

the substrate, in the present enbodi nent) the substrate tenperature in a

region 5 imavile a heghir i einkNSoiat thane ﬁ?s@%%%wlgﬁﬁnzﬁms thEt 1O

about 404 C, as is shown by The solid line 1n , the substrate

tenper at Uls@egid 3ehl&did@tor "’chf.:?‘ﬁlﬂig 'E}eﬁ’é?%ér%%?xﬂl%eﬁeb 2 eeragytrggﬁg%g@ Wit

about 300C. 'the reason tor settin erature’ o he~“surtace of the
energy ab &Rbe 4 5. n.depositing.a seni.con tor
thin fil m%ﬁgtﬂi%t %%x\%l\?%r ess&‘r’%%i#@@%ﬁé}“ Giﬁ St & ’%‘Pﬁt%?%‘%@ggﬁ?o be
set to a | LliffegM €.l e | | ¥, deconposed. (i.e, 00 .
Thus, the cg%%ve- rrg‘nt %%%g?sﬁ%g?&g‘tdé%féﬂpéﬁ u i shBhI éaéﬁp%xgﬁ%l fg‘? ng

val u an heref o he bstrate tenperature should be changed and set in
accor?%ancge%@%n&r%%(gﬁw FHH AT ?gﬁﬂn PIO%or a thin filmto be 15
formed. A semrconductor thin filmis fornmed as follows. As is the case
above, with [nfﬁlé f‘at@eogqncgngeuﬁg% rigf%golnﬁeﬁfl" leras.t Ehgrer s pravided tstilbut i on,

a sem conduct,or 1:thi rﬁl%_z,ém made of an a-Si thin filmis formed on an
i nsul ati n&nPQWr N TANLGF dceaydingido the prssens apvention comprisingnd t he
20 sem cond%gilghégdln film the above-nentioned Si2Hc is utilized. As fox

deposi ti off* 7 padteraednen asangyating swestzatesin & predetpominede s

set to 400C_and in addition, for exanple, the operating pressure and gas
f1 ow r at ePEHerByAR RS glAyes provisiedian thwinsuiatingiubstrate having tHe0
sccm_ respect | \§/~]?Al y dln the case where | ow pressure CVD is not enployed, it
i s 28 al s§¥8kshyt &lmy thereans a dinst eaiconductor rthinl fdmyptdvededhlonCiie 4
OCT 2004 31 At this point, on the substrate 1, there are are forned regions
wher e t heipsudptingilayes, theiinsulapng kaoer artectivglyohsateddseimpertingienehgy il m
is not deposited. Specifically, while the a-Si thin filmis deposited in
regi ons 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 suxface
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



above and in the vicinity of energy absorbers 2, the a-Si thin filmi t
5 deposited in other regions. This can be explained, for exanple, 5§0Eﬁgﬁ”
change in deposition rate in accordance with the substrate tenperature,
which is showmn in Fig. 8 That is, in order that the thermal deconposition
of Si2H6 takes place in the formation of a filmby | ow pressure CVD, a
tenperature of, at |east, about 400C i8lrequired. 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-Si thin film According to the nethod of
fabri cati Sgmacansucter |thins filme asr egemth eruelensewhensinr Rbaegiabovt, the t hin
filmw th a predeterm ned pattern can 15 be fornmed w thout perform ng a

| i t hogr apkyyalizedonseaendonsemicondyatare dthinenfibmat trertni haviagt hthe f firsh
Consequently, the nunber of fabrication steps is reduced, resulting in a
reduct i onsemicastuston thiadtim servesaas ackkantndiportionm fornmed in the present
enbodi ment contains, as is the foregoing enbodinent 1, few SiH2 bonds, arid
t hus when such an a-Si thin filmis applied to a thin 20 filmtransistor,
the thin film transistor with high nobility and high quality can be -

obt aigred. Moreover, BRIBFHESTRIPTION'GF T, tet AR GRerein, achieving a

reduction in | eakage current in an OFF state: Note that the present

embodi ment de¥es i pegl A Eﬁ)ssas%e?&ﬂﬂ Gigd %’ﬁ%w&ﬁg‘ﬂgg‘%&gﬁcgt}gﬂngtgﬁ o??ast}h?x""e"er :

the present invention is not Iimted thereto: I'sTal so

possible B0 G9Bebbh SUEl 1 SSRES LR HIAGE apd RN 22
3 A oL Mo R0, R B Lo LILSEROLALOP Lo RTINS 1 °
or egoing Enboh UL lexh A Ary AR NRE L Db el 80t Bipbee, o
1190, ARt R0 A 151 HLLRS e SrSHBNE P 55 °
croun, e o bR LG GRAGHGhien i T Scq hoth oh e S ate 1 provi ded
neated, a sort iSnaie] ar ) azE; SrREAms IOt aalg SekERYP IHSRHNE PbArod on
the 1G | ”?x&’l’os‘%trét%%' i_Ill %'yr%ret}?oci) Xf fgb%ca%}.(nagng Itl(?xin Blmasanc;%ox?cﬁggqg %(ijl%/(?iment 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.



el ectric current applicatzon portion 10 is connected to the conduct I

films 9 ko as to pass an el ectric current through the conductive filns from
the electric current application portion 10. Wen .an electric current is 20
passed t hrough the conductive filnms 9, the conductive filnms 9 rel ease

el ectrical energy as heat. Thus, regioB8 in the vicinity of the conductive
films 9 have a higher tenperature than other regi ons where the conductive
filmse 9 are not provided. When this state is observed as the basis for the
substrate tengﬁragure, roughly, sych a tenperature distribution as to be 25
shown by the dé€t ddlS Ar@osfisestipnalogy showingithesermconduttor rthie filmt OCT
2004 33 tenperature in regions where the conductive filns 9 axe present is
set, as ida H@ategrlagthmgl hbdof fahmicating e thbo fln30a0rding tohEmndenehhe

el ectric current to be applied to the conductive filnms 9 is applied
preferably.in a pul sed fashion (intermttently), as is shown in 5 Fig.11
showi ng the rel ationship between the amount of electrical, current and .
appl i cati on t iig. § sea)graiphtshowingiehatation sHip et waeh dpRsitid psteniyd N9 2
tenperature distribution, a sem conductor thin film®6 nade of an a-Si thin

filmgs fosmpdratureiohen EQMC%B'Aﬁrin%ﬁlétgﬁg/%fe%g éﬂ% 1 défﬁ%ghscé%ng'h t he

insulating layer 10 3 by plasna enhance rea onduct or

thin i1 mebisfihceskdihk 19 HmBEILAM 26f thd bIAAAE MBLhER. Onsequently,

as.is the case with the foregoi ng Enbo 1, "a sem conductor thin film

with a predet gygigad, BaddsdRtibaal P ?Jf‘iﬁ%s;f,‘}a[tjé?gg%ﬁ%ﬁ:éﬁaﬁﬁgé egﬁ? St ep

,12). In addition, since it I's not necessar

15 J Al . i thin,fil th nmb f

Fabri cati Gornecb@hE 00 TERURCY Bt ik Broghbattaiion, costs.  Noreover .
wh - Si ' ' th £, fabricati . hin fil

Accor ding to THE A0GYSAC LIRS 42K BolRmS sty RrisE beiehtife henbng Al or
th hi ' S| , i h ith,fhe f [ Epbodi t 1,
wni o 20 PRt cBb BheuBh of e thinlm orpeios A EhEGReR |

| eakage cyrr 5\% M}(a?n OFE si}ate, can_be obt ai‘ ng-(i:l. Enbodi nrent 4 A net hod of
f abr i catlﬁ'g ath 1} i EER G R ITY DR SRR Wi distribations o meswface ofom a

met hod of _fabricating a thin filmaccording to the foregoin 4 OCT 2004
34 Enbodi ARALSHAHRE daves, whdigt L0DX i i tosaseriiondl VERYp o the,
ener gy

The heating of the substrate 1 is carried out as follows. Specificall ;
Y ocf ooy

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
Alm according to Embodiment 3.

Fig. 12 is a cross-sectional view for Hlustrating etching of a
semiconductor thin film, in the method of fabricéting 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. 13Qb) is a

cross-sectional view for illustrating the crystallization of the second

25 semiconductor thin film.



- absorber and an electric current is passed through the conductive filn i}%T 2004
sel ectively heat the substrate surface. First, in the sanme manner as t

f or egoi Enbodi ment 3, a 5 conductive filmis fornmed on a substrate by
sputtering, and then patterned by any known nethod to form conductive filns
9. Next, on the substrate provided with the conductive filns, an insulating
| ayer of SiO2, SiNx, ox the like is folded. Further, with the substrate

bei ng heated, a sem conductor thin film 10 made of an a-Si thin filmis
formed on the insulating |ayer by, for exanple, plasma enhanced CVD. The
heating of the substrate is rried out as follows. Specifically, an

el ectric curré‘ﬁs&ab‘bda' aad ‘h@gét#e iCHPES sectionab yiews showhes the fupteation i | s
so as to pass an electric current_ through the conductive filns. Wen an

el ectric Stepush 2 semiconshintenithinftlug mcearding e Boh adsrfent fsof theepxesentict i ve
films rel ease electrical energy as heat. Thus, regions in the vicinity of

t he conduduvertion) nEighabdéahisha ghass-sectiprabvismefariBusttatirg theyfomsatidier e t he
conductive filns are not provided. When this tenperature distribution is
observed af tirst basds seeond heermidontinetoe tthirpefilhyy eand okl yi4(sucls a
tenperature 20 distribution as to be shown by the solid Iine in Fig 10(a)

| s obf ai nedossTdwtionBdt vithe fRMHHGSrEER &h@eﬁkgﬁlﬂihﬂ& e thenduedda e
filns axe present is sex, as is the foregoing Enbodinent 1, to about 300C.
Furt her norsgmitddwit6F thinCakyr rent to be applied to the conductive filns is
applied preferably in a pulsed fashion (intermttently), as is the
foregoing 25 ody t 43 eulLg. N 4,35, W e rface
of the subst rgig't Hurgghgvpg%?av{%ggnpgec}%%aftécaé&s%gﬁﬁgoﬁs g\ﬁéé%%%n <E’Lgtor
thin film a S i N, L j [ — ang nner t he

f or egoi ng fgﬁﬂg%t?{!r%ntg gr,n%onﬁlt etrifa#\lé{tﬁtg’tsié\%dl”ggerﬁ ’%;’/ﬁ %wﬁpﬁgsgﬁer e‘? .t
Consequentlyan@snis the case with the foregoing 5 Enbodi ment 2, the a-Si
thin filmis deposited only in regions above and in the vicinity of the

partin vas foibed® 8 Helofr BERERE, Y oritianaly Shaifecs cpiesa

ooy oo Pnapkbd Batb i@l Ud8a B RGN 8 PO KT esent invention, "°005527Y 10

' 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) ave cross-sectional views for illustrating the
fabrication steps of a thin film transistor according to Example 2 of the
present invention.

Figs. 19(2) 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



10 conventionally required when patterning a thin film and thus the 'WWZOOI;
of fabrication steps is reduced, resulting in a reduction in costs.

Mor eover), when an a-Si. thin filmforned by a nethod of fabricating a thin
filmaccording to the present enbodinent is applied to a thin film
transistor, the thin filmtransistor, as is the case wth the foregoing
Enbodi nent 1, which 15 has hi gh nobili 1291 and high quality arid achieves a
reduction in | eakage current in an OFF state, can be obtai ned. Enbodi ment 5
Enbodi ment 5 of the present invention is described below Figs 13(a) 20 and
13(b) are crqgss-sectional] views show hg the fabrication steps of a

seni condué’crsaewmnf’iim%@%‘f’ﬁ Ayt PSrflgﬁ’@“ﬁsg éé@%@%ﬂﬁ%n‘ﬂsmgi&@tﬁﬁkon a
substrate 1, a precursor, fjl mof energy absorbers 21 is farmed by
sputtering or A mereispecifiggieseriptionns asifollowe. patterned in a predet erni ned
pattern to for Sat he energy absorbers 21 The energy 25 absorbers 21 have
basi cal |y t he (thRbefawhstiatn susfaneds pplatbivelbbeatedbtrfaroed thid METwAN04 36 5
in the foregoing Enbodinment 1. In addition, the energy absorbers 21

accor di ng flm tphep eribese varymgo fitone ntegiore toadesion or Byx aaking; adivantygeode type
of nmetal selected fromthe group consisting of Ni, Pd, Pt, Ag, and A, or
of ars al | ayfferwnicas i NHetetchiol Fateaukp@ Hythi® valiatRinehi Slinld0pbities, 38Me
group. A pattern is not particularly limted, and thus it i's possible to
form a pl 4g gdsbibl@ftot perfonar i | :

stripe pattgdrn W th ag ar bi t?3??9’3%3g’hﬁﬁeggﬁfﬁé’g‘ﬁfgﬁ%ﬁﬁo}ﬁ%@ a
patterni nglsﬁpé'gqﬁa phot ol'i t hography, for exanple, can be enployed. Next)
after the energy a%sorbers 21 have been patterned, light is to 15 20

irradi ated i nygy ikt : 1 sirate.1l from
t he ot her si dggo?h%h%md"lé%aotgﬁ‘ggg%ﬁ%?egélglé%?gw\ég%%gg%? ;P‘gt %325‘%‘*@5&%%’ heat
the subst LatLitssER t e ; emBI-j; | 1,801 [ _
vicinity of tlhe sura?-g%efgwgl f%gaztr%é%gwgbso bg&rlghgldqbsangg%%{af%e}&%?% this
st at fi : ' #%hc t N f : re fgrned by.Llow pressurg CVD. At
t hi sfbpoi ngﬁ%%iﬁg&ggﬁrg aceégf':)ef é{]h@neﬁiergé?%ﬁ@gﬁb%ﬁg B ?&%éﬁ%rﬁgﬁﬂﬁron ﬁae

t enper at ugeyn. 'Eiﬁi the. substrate 1 where the energy absorbers 21
are not prggb%tggge @&?%%rWaacg@]?ﬁmPﬁgsg%rgy absorbers 21 have a

hi gher deposition rate than regions on the substrate where the energy :
absorbers are not provided, making it possible to formthe first

sem conductor thin filnms 22 only ongﬁ Ee gurfaces of the energy absorbers

21. Here, exanples of the first sem tthin film22 inciude an a-Ge
filmand an aSi,Ge,.film _ In addition, exanples of a flux_used in thermnal
CVD for forni HERIMmemT FrscquEﬂR!’éiosG&Miga%S&nél idesgribed . almyet hedssr e, t he
filmthickness pf tliue first sem conductor thin film 22 should be in the
rang® f roﬁ’r%tﬁ’r fpleciivndy heating the gubstrappeurfzare Sapsenpargnt ahsorber ishe
substrate 1.ang on_the first_sem conductor thin

: utilized, making it possible to form a thin film with film properties varying

from region to region.

The enexgy absorber according to the present embodiment functions
such that when the energy absorber is irradiated with electromagnetic.

20 waves such as light, the energy absoxber absorbs the electromagnetic waves

as energy and further releases the energy as heat. An enmergy absorber
having such a function can be formed, for example, of high melting point
metals such as Mo, T§, 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



5 filnms 22, a second sem conductor thin film23 nmade, fox exanple, of an
a-Si thin filmis fornmed. The second sem conductor thin film 23 canbger 2004
deposi ted by, for exanple, plasma enhanced CVD or | ow pressure CVD.
Moreover, the filmthickness of the second sem conductor thin film 23
should be in the range fromabout 30 to_100 nm Next, as is shown in Fig.
13(b) the second sem conductor thin fi |#923 10 t5 20 25 is heat treated and
crystallized. The crystallization first begins at the first sem conductor
thin films 22 as the initial growth nucleus. Further, by the effect that
the first sem condugt.or thin, filns 22 axe the starting,pqi nt of i d phase
growt h, cr?gf%ﬁ €53 %\nlﬁ farmet. hyalsgpiqermg é’é‘tﬁ%l{a}f%t éggl atﬁrb ﬁ)ﬁg‘ﬂclﬁ s.
Thereby, single crystal r ‘%i ons 24 with a grain_size of about 2 to 3 pmare
created i np@%@rm& g 91“6*69 9’?@13‘?43@“%%15@%9{10&?’&93%6] ghserkers 2.pdforg t he
center of the regions. Regions other than the single crystal regions 24
remai n i n de pabepRing PbnglethOEh@hY,rfst example oadue empldyied. fi | s 22 becone
the initial growth nucl eus because the first sem conductor thin filns 22
have a | ower ndlext,ngnptiensubstrate He previded with thedendrgy dlorbérd @) 28 I n
addi tion, ‘the energy absorbers 21 serve as a catalyst for reducing the
pot ents al imsulatingday@s3 sack mgBid;lorBiNis faesehd sem conductor thin film
23. Here, the second sem conductor thin film23 is a sem conductor thin
fillm preferabFurtieriharehagtBowieid Fig Pokith fHrasuBdieafe I PeiseRegyaduct or
thin filnms 22: This is because when crystallizing the second sem conduct or
thin film 2gmidadacleankhth Fe@lihhddlefOant o-Gil fih B B AbrhBE bAT e
sem conductor thin films 22 with a low nelting point, the first
sem conduc j ' t] Iy growt h nucl eus.
Furt her, CHENlAtihg yed’s RECEcS BRahile) SR el ded OB, 01 DI 05"
preferably ma f i [ ts I t 1
Iehehentiil 6f kRe sAbLhatE N id LN HBE ol Unaliifle! BE ASHs.

sen conduct or t hi's i s becausé en’a ne

e SRS Nl A B R Rl bRl
caused b BB (hheOMIRTORCH g, Sk PR, MEASERCTY o o
orevent onesldl U8k Rardda b3 RERL BB AL ST IS o, gh el Loy be

for exanple, t { [ eat nent rature, can.be set to 1.0 550 to 600" C and
the treat n’é?ﬂoth%pt%agée@?’%egamﬂssu 28thre. The second seni conduct or
thin film23 al b rystal lized by intermttently irradiating excimner
| aser to the Z@@%&yigﬁsﬁﬁﬁérz *le%?gh?‘?& GRdo j they igubsirate; Ly the emersner gy
absorhers 21, jnstead of, perform ng the above-descri bed heat treatnment. In
this 1gase, glfﬁﬁ’éi)?’fsr go‘?%ﬁoéb 'erggﬂ1§~4 §%H4&3’6n%&ﬁﬁ$’&r apfj them relgase thellighto t he
l'iquid phase once, and ag |iquid-phase regions expand around the
seni conductHTEY 1sheat: rrg‘sl’\%: regopaiethe vampiytof she epeysy absoxbers 8thave
proceeds. Thereby, the single crystal regions 24 are fornmed in which the
crystal s hawesherotergpevature thenather wegidnsmwheresthre enbreyt Absabels Boer ocess
after irradiation, solidification proceeds 20 within the range of |aser
shot i rradrel provided. eWherhéhis stgite isrobseaved agi thesbadis, fof ribie §uissteatieer to
the inner. The single crystal region 24 thus obtained is a very high
per f or manctempemtard, roughbn stitle asiengeratuysdtribetofmsib Resiidph ib§thef or
exanple, to the channel portion of a TFT, the TFT with high nobility can be
obt ai2oed. &&télickine It TFAN30H appbbRAns®! OMigy 8Q)ans aétkfﬁ)}{ﬁ}{dvﬁny qui d
g

crystal display -4 OCT 2004 39 capable oF realizing a h efrnitron
di spl ay, bak fryal I VA8, AC Ltel i i e ration
s Qomanded PSSt ARCBR st ath bk bf Ul VI Sa M 3RRAEH 768

Loyt ooad . _ e drive i SRR AN Cion. &
Note thar T b shofibel it kiblonShln o eb R Wiel Fn st [ T fhe Bss ©"
section of the substrate 1 and substrate temperature (°C). 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



net hod of fabricating a thin filmaccording to the foregoi ng Embodi mag %ﬁ; 2004
hovvever the present invention is not limted thereto. It is also pos

to apply) a method of fabricating a thin filmaccording to the foregoing
Enbodi nent 2. 10 Enbodi nent 6 Enbodi ment 6 of the present invention is
descri bed bel ow. Figs. 14(a) and 14(b) are cross-sectional views show ng the
fabrication steps of a sem conductor tB6n filmaccording to the present
enbodi ment. 15 First, in the same nanner as the foregoi ng Enbodi nent 5, on
a substrate 1, energy absorbers 21 with a predeterm ned pattern are forrred
Then, an |nsul ating layer 26 is forned by plasm enhanced CVD.
SubsequenttejrPeratie % logatiatisatae few iamr atvey dieiny thmenerge abrobees i ace of
the substrate 1 fromthe other side of the deposited surface of the 20
subst rat e abous 2005€. t he substrate such that the substrate tenperature in
regions in the vicinity of the surfaces of the energy absorbers 21 is about

400C. I n this Baregsohi ﬁostselsbmg thedubstiaté hempbrdtiie 33 1@gtorfsowhess bye
| ow- pressure CVD. At this point, regions above and in the vicinity of the

ener gy absmebgy abddrherstharé prbbatt 10abyEB00C MY ade Ditg RBE &e?%@ﬁi(ﬁ{ ure 25
than ot her regions. Thus, the first sem conductor th| nfilns are forned

-4 20 b
O 20Qfosdisout yeian sehiicsatliapesinh B &a5ee S U0 S: &F@fﬁm anc

exanpl es of the first sem conductor e an a-

an a- Si Ge gydcifically, ﬁgﬁﬁé LANL whY §§elﬁ{§0§ Hﬁ ﬁyﬂ% er rmr I%\E/E% film

forming such filns include Ge- gas an

from about B Bgellebal eqUQﬁ’?ftt?‘r e JeBofisay 27%}'?@3%' oB8s ot B 70
xanpl o, _op dbeit’ %Of'*?hf’f?hﬁs i e%?’ﬁ?”d@@%? L C@‘@Eﬁ%ﬁéteé&'a%%ﬁ”e% SR n i1 m
oD, hor edorranBRGRY b, FiE efutoPe IR RuERHACE Trupraatts HHIA B4 | m 25
H o, 4 orhpkes éé?o%ﬁ %L%Teac??ﬁi’f%t%?ﬂﬁ% St B s FopaRamaisaoen
exci mer | %ﬁ ﬁﬁm f'o%xsliead | Iﬁet% tl;rat]teﬂ% %ﬁ)gtlrlaltg %gxln%gratule specdically
| 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 I3.
15 In such a case, the substrate temperature means the surface temperature of
the substrate 1 (the substrate temperatur:e in regions where the energy
absorbers 2 are present is the surface temperature of the energy absorbers
2). |
Methods of ixradiating 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
80, 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,



15 begins, as is the foregoing Enbodzment 5, at the first sem condugt @ET 2004
thin filnms 27 as the initial growh nucleus) and | ateral growth occu‘? on

t he firs;) sem conductor thin films 27 as the starting point of solid phase
growt h. Further, inn the cooling process after irradiation, solidification
proceeds within the range of |aser shot irradiation (i.e., the single
crystal regions 29), 20 fromthe outer2fo the inner. As a result, as is the
f oregoi ng Enbodi mnent 5, single crystal regions 29 with a grain size of
about 4 to 5 pmcan be fornmed in the second sem conductor thin film 28.
Note that regions other than the single crystal regions 29 remain in an
anor phous cerEplingithe ON gind QFFsoftherpnyramsozece bitheotnaigyesduiress a very hi gh
performance 25 thin film Wen such a region is applied, for exanple, to
the channel  WithCtheosurfage paff tthensabstaa®eF T, thve Favingth tirgpermbidity
can be obtained. Hence, it is possible to provide a TFT applicable to an

active maudistxibutips,dtley yematorthapbexhbninhl @ aladeesf izl RSP thigmIgesd ni tion
di splay. and a TFT suitable for built-in drive circuit in which high speed

oper at i onfasnete mnme@.ingméﬁi@g@éroa,bys PEdarda Bhha5Bd ReveprPrIALd fixa)

organic EL device in which a for Ccurrent drive Is required in the pixel

A i R R R L R e T A

a nmethod of fabricating a m according to I ment

2; howeve nticl QKREHLIORLES t.liqg r wal Ly d | S0

possi bl e ;V%h%rge%%;ﬁiﬁ a lrsrepﬁj%g%%’f ngbﬁ}%ag % n%gcggﬁﬁlgggfﬁ %hgcég{’%?%gé{do t he

bel ow wi ¢ Fhs SOy (TPt bt ER e bHERET AF pCSRLL o iShERR B 1 & ot

limted thepeto 45 anple; 1 anpde 1 is such that a nethod of fabricating

a thin fif%@éc‘:’%o%‘di’ﬁée ggpPeremeﬂngJBF AsPesItion Iwenade Hoégliébw&]@ sughave

fabricati &u f é";ltthi ntfil transistqr. FEiq. If.is a plan view schematically

showi ng ag. %ﬁ%ar? a8 $Br flﬁb?a}p@g’rl? n?}l gupﬁ HREi g aNSIRg & dRYERe i n

Exanpl e 1 { Q. Jt6 S crOfs-sect' onal , y| schematically showi ng a plasm

enharr@ced Eﬁfgﬁéﬁg’rﬂﬂé a? R %?Tﬁpbaﬁ‘.’eqtﬁéﬁg\-/l?(a) to 17(e) are

cross-secti on,@ fe\(' ews: fox il Igéhriati ng the fabricatjon steps of a thin film
c

transi stor a Nrgpexties, e semiganductor; thinohiln 4 deppsited abrihgat i ng a

thinfilmtr%nsis or uaedin -'~4 OCT 2004 42
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 SiH. gas, it is possible to deposit, on the substrate 1 with a

substrate - temperature of 300°C, an a-Si thin flm with excellent film
properties, containing therein few SiHs bonds.

The variation of the film properties of an a-Si thin film was examined

1n 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 ('C). 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



Exanple 1 is described. This fabrication apparatus has, as shown i, Fi - 2004
15, a mul ti-chanmber configuration in which around a plasm enhanced"&g
chamber {§thin filmformtion neans) 31, a | oad and unload (L/UL) chanber
33, a cassette station (C/S) 34) a sputtering chanber 35, and an etching
chanber (etching neans) 36 are provided, each being connected to the plasnma
enhanced CVD chanber 31 via a gate val V8 32. In the pl asma enhanced CVD
chanber 31, a thin filmis fornmed on a substrate 1. by plasm enhanced CVD.
More specifically, as shown in Fig. 16, the plasnma enhanced CVD chanber 31
includes a,reaction ch r 10 (reagti vessel ), 38, a holder 39 for

hol di ng th%‘os‘ﬁg}é?frg'{eea'%nb%@%%f?v gﬁgég?%&)gl?eﬁbrti on) 40 for
supplying a sqgirce .gas to the {nside o the reaction chamber 38, an exhaust
tube 41 for ex H%tl%d%eg%ms% ¢tat thunBim dhformedoen tiasinsulatingdeyen dnp

(el ectroma%ne ic wave irradiation portion) 42 provided outside the reaction
chanber 3& @rppextiessvavyr batseenaregions 6 formed ondhereateegy fabsorkens

hal ogen | anp 42, an, upper electrode 44) and a | ower el ectrode (reaction
exci tati or2 podtiegigns Ghethertipm thd Yegionseie) Specifvallypie the regiant 520

gl ass. The LICTL chanber 33 transfers the substrate 1 in and out fromthe

out si sle visinthiehgaubsiraty tedperdiinecnas abbat S06E Oth3ALRLRN SSclArédsast t e
20 The cassette stores a plurality o the substrates x. In the sputtering

chanber 35onsaifeidnfaw Btk bordedd this Eétbﬂlhﬁt}ﬁo%eltﬁ/ess%fﬁ %hﬂng-Si the
etching chanber 36, the thin ~mfornmed on the substrate 1 is renbved. The

substrat e Horids. t KAN$hEcoREka) ﬁﬁﬁxé’&‘%%ila%é WBeRhE R pehA Geéx%,lp%a@ggl&%é rate

transport neans 37 such as a robot. i ng an appar at us ricating a

thin ~I'xn dJysasegd-er Havi Iy t u; nfd gqupation
such as that describe allgloqgsé?mg ?Ilnnﬂlbgggh%rg'glﬁbgfég{’%&@%&#gpgﬁl‘%so nple 1
was fabri gatad Wogs First, a substrate 1 made of a glass substrate
was transportefj&fsogﬂgepspufteri ng chanber 35 by the substrate transport

AN o R R

on t si xbstrate SPUtt errxzg.

patterned r [ . t en,n hot,ol,i t hogyaphy .to form a, gate

el ectrode @9%@%&3 nt eG)eF{qqéﬁ)wésst &%ﬁcg‘bfdh%kﬂ"ﬁg%% ce ?@8’&%% gat e
cubst r at o i 38 4 FERERER En the WD ol abertiaotnia: bery ol Bt eiombe of
Si Nx was fQr the .substyrate,1 b | asma, enhlanced CVD (see Fig. 17(a)).
“hen, usi r?‘(g21 {EE@ ﬁgfzoﬁ%o?ﬁ '42&-‘}’11? g%?gﬂ\ﬁgni]r“r htRAYPEFIRT ARREAEE | 95 ont o

t he substr 1 from hhe ther side of the depgsited surface. Here) the
surface t &PTFHRICAE IR dhEeteiine rate ynan eighing | Therelaionship betyresn thwve t he
~5 gate el ectrode.5£g was set,to?__%?out 300C. In addition, using SiH4 gas
as a'Sour YRR 1, fymoproperties; and \ptching: ratg w baelepmle sepsuivomi the | ayer

52 by pla enhanced CVD.. Tn the a-Si thin filmthus formed, portions
above and%g% f??é&tﬂ' c"lsm“ﬂ-ﬁ e deseribed ieé@‘éctr?’b@éﬁ@l)hdﬂuew@hing rate for

properties éha .contain few Si H2 bonds, while other portions had such f~.m
pxr oper t i @9} higno dlmsnidepesitadematls Siff@epbnssbstrateortemyprrtates swdst rat e
1 was transported to the etching chanber 36 and the a-Si thin filmwas

et ched by msasiagdnapiasna veseltt mecurvecstasvi bystHeedsiteé|ling ﬁmﬁi% 5 Reas
portions with such filmproperties that contain nunmerous Si Hz bonds.

Ther eby, abtaingdshollthei mBagurkd( bjaluas saré cobmdiRsD®ZbR5 byl Sedd | Plagdhav th a
predeterm ned pattern was forned.
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 hetween 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



="'~ OCT 2~4 44 Next, on the gate insulating |ayer 52 and the sem condU. ctox
thin film53, a SiNX filmwas forxxxed by plasma enhanced C VI ? and t $feTn 2004
patterned by photolithography to forma channel passivation |ayer 54.
Subsequently, on the gate insulating |ayer 52) the sem conductor thin 5 10
hl m 53, and the channel passivation |layer 54, an a-Si thin film55 was
formed by plasna enhanced C VD and t he29patterned by photolithography (see
~i.g. 17(c)). Further, n+ ions were inplanted fromthe top of the channel
passivation | ayer 54) thereby formng an n+t a-Si thin filmb55 (see Fig.
17(d)). Then, a petal |.m made of Mb was coated by sputtexxng axed then

pat t er ned Semigontucter hin fibu Gwithea progdeterotinkd padtpraphy showhamFi. Sour ce

el ectrode 56 and a drain electrode 57 (see Fig. 17(e)). 'Thus, a channel
passi , vat xarzbe yfpemeti nHarej sidevealbipsirtionacs of diongovied &tchiffx ygtiony Mas
fabricated. Exanple 2 Exanple 2 is such that a method of fabricating a thin

hl m accor diavg 4 gely tshapihgrtegei ﬂmﬁmmbMathltm\ﬁ%Pfﬂ@ﬁﬁ%sthn in
fabrication of a thin $Imtransistor. Note that a thirx 'zl zxz transi stor

accor di ng Rig. Bxert ebZaineddby ijd@0beh HESMA BoathoRL! baIP I8! e BEGPRHAI N0 tO
a .

t he foxegoxzzg Ex.aznple 1 iz~"that the thi,r~ hImtransistor is o

1T astraf PR AR o 94 O, W 18 18 SRR M s o BBl g 10

the presepy,gxanple. First) in the same zriann,er as the foregoing Exanple
|, a gate electrode 25 51 was fvrzzied, and then further a gate xnsul atzr~g

i the same. rARUREY tq,1h8 elhod cofe PaliESaris T thn i, & theurkssoty
e . BTy A B, T RSt CIES PRy Tyogen Pl o
arsi 't ne PR o AR o DErkor LA do APPSR aForEbichel® RS | ons
2o o nllbFi 2 R R b Be tonmed Sasly oni Aeribiisubsiratd for sxammlec of
In addition, it fs 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 SiHs bonds, when
15 such an a-Si thin film is applied to a thin flm 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 Substratg suxface. However, the present embodiment is

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



10 "1~.-~11 layered fil mwas formed. Subsequexitly, the n+ a-Si thi@-‘mw‘
and the netal filmwere patterned, by photolithography, in a predeter e
pattern g$o as to forman n+ a-Sx thin filmG 1, a source el ectrode G2, and
a drain electrode G3. I VloreoVer) a SiNX Layer was forxned to cover the
sem conductor thin film215 53, the n* a-Si thin ~Im61, the source

el ectrode 62, and the drain electrode 89, and then patterned by
photolithography to forma passivation |ayer 64. Thus, a channel etch type
thizx I mtransistor according to Exanple 2 was fabxa.cated. Exanple 3
Example 3 is such that a nethod of fabricating a thin filmaccording to the
f or egoi ng selastiel heated so byt dwe deposisiohabatecHselfnvaniesafriom mregionnto
transistor. First, in the sane manner as the foxegoxng Exazr~ple x, a gate
el ect r ode rggioBlomblse Substeate, dherablyeforfuing hethia fjat enlyniauipatifivgreiysr a2
made of SINX ' '~ OCT 2004 46 was oxxned (see Fig. 17(a)). Next, in the

same manner a$ntdrder chagaheodépainibe rhte Usiritg Holnkeden doarayion icghthavas
i x~radaated intermttently onto the substrate 1 fromthe other side of the

deposi t ed salsfrate inHBepreblies sMbddanent, tRBYGBEHEEe UmbbAtRrIH § vty ating
| ayer 52 in a region above the gate el ectrode 51 was Set to about "400C.

Subs eguent the itiftty I Sitfadofar® SHERS SBSnbef 2% ' s%tr@g'%b“du%oo‘*es

deposited, by | ow pressure C I.ons O ate 1 nsul ating

| aver 52 suquanauh b hESoHOLL b Fif. SNeraRLens) SOlAOMS BriodaBEFA

17(b)). 10 Then) in e same nanner ds the or egoi ng channel
paSeL Vo oG 2oy 3 Hond PSR Sty WU Sol S0 o
Pg;f: \égt Lg_gaélc%lp@%h. 'ﬁ@gfg 'ﬂxg] tgrrn%re]:%gts&r%roﬁ%%osrucyfgc% & th%xe%rgx)-!g}er a%sgr%sér 2 to
about 400°C is that When depositing a semiconductor thin film by
10 low-pressure CVD using SisHg, the temperature needs to be set to a level at
which the SiHs is thermally decomposed (.e., 400°C). Thus, the
above-inentioned substrate temperature is only an exemplifying value, and
therefore the substrate teinperature 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 SiaHe is utilized. As for
deposition conditions, as i.s 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.



Example ~ is such that a nethod of abz-icating a thin zlzn accoxdi x~g to
the foregoing Enbodinent 2 is applied to the fabrication of a thi n=4 PGT 2004
transistor. Note that a thin filmtransistor according to Exanple 4 is 20
di fferent xoxxx a thin |zn. tz~ansistor according to the foregoing Exanple
3inthat the thin filmtransistor is of a channel etch type. First, in the
same manner as the foregoi ng Exanple 28la gate el ectrode 51 was forned, and
then further a gate insulating layer 52 made of SiNX was formed (see Fig.
18(a)). 25 Next, in the sazxae manner as the foregoing Exanple 1, using a
hal ogen "'~ OCT 2004 47 lanp, light was irradiated intermttently onto
the substratet thigRrainb on the subgwase 1t Whexrepos fomned vegiave. whevetha he
surface tenperature o the gate insulating layer 52 in a region above the
gate el ectardidhin filas isedepasitedoand4oegions ubseqtieatd-$j thin nginsi sHeoas as
a source gas, an a-Si thin 5 filmwas deposited, by |ow pressure CVD, only
i n regi onsepbsited. g&pecifieallyamitily ithy ea-Sp2thahofim aizd depoditel \thciagibys 0 t he
gate electrode 51 (see Fig. J. 8 (b)). Subsequently, in the sane manner as

the foregahoge Reak inpile dicimity fen@2te dnswhati Dotha¥es; BAnaftint fienot

sem conductor thin filxn 53, an n,+ a-Si thin 1o filmwas forned, and then

on the Nt dRpobicdd!in bhdP fediBh&l Thid"cdRIEe Unplailled: or RURIAL fﬁ’lt Fne

formed. Further, the n+ a m an metal Til'm erned in
a predet ergi na : tQ) i : * a-Si thin
fi Fm_ G ~, Cghgggr%eaéﬁ seég%l%dg}gzg Igzz:gb%a%ﬁ g%’?ﬁﬂe ec%ﬁ%%}%ﬁ%i&%@%%ég\%r)' a
Phe: e o yiefAE Bk P MO IEEOnhg, ONF brd o U WS e el acefibiBoltisibe T ode
o 1 abri QR SARNEReS Sheb BEeh G’ of B Blanky Jo0rreeth (YD o
Exanpl es to. 8 corr nd to thin fi t.ransi stqrs oxdi z~ o the

f or rergoi ng§@§ﬁ§fl‘%§e1§¢53%4%5‘{5@5%@%@1 \%Rﬁ 13 FEIHEE .tﬂg%ggrwgge%agure 15
confjguxati.oz=s as,their,cortespondin hin filmtransi stors, Not,

howetrer , ﬁ‘h‘g?r F}ﬁ%nflalb? i“c"&g'i ’6‘?11%'2][%% 'o’%oﬁlgt‘%et Ai dePosItiAn F%Ws%ss’EQﬁ&DS
accordi ng t&) E>&anépl(fs 5 tghS axe different fromthose for the thin film -
4 OCT 2~~reduced, and when the substrate temperature is about 300°C, it is almost

impossible to deposit an a-Si thin flm.
According to the method of fabricating a thin film of the present
embodiment described above, a thin film with a prédetermined pattern can
15 be formed without performing a lithography step conventionally required
when patterning a thin film. Consequently, the number of fabrication steps
1s reduced, resulting m a reduction in costs. In addition, an a-Si thin film
formed in the present embodiment contains, as is the foregoing embodiment
1, few SiHz 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 SizHs 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



48 transistors according to Exanples 1 to 4 in that the substxat e~_7s€rE?c§\m
was sel ectively heated by passing an electric current through the ga (9

el ectrodéds, instead of irradiating light. 5 Exanple 9 Exanple 9 is such
t-hat a nmethod of fabxi.cating a thixi filmaccording to the foregoing
Enbodi nent x is applied to the fabricat'égn of athin filmtransistor. Note
that a thin filmtransi stor accordi ng t8“Exazxaple 9 is different f~oma
thin filmtransi stor accoxdi zxg to the foregoing Exanple 1 in that the
thi,z~ filmtransistor is of a top-gate type. Figs. 19{a) to 19(d) are
Cross-sect| L. viewsfor illustrating phe fabizcation_siteps of a thin film
transistor%g@gﬁ%ﬁﬁfgétggegfﬁ%ﬁés‘é‘.befgﬁ%ﬁe,edﬁgogsgi‘ug%\ﬁgb Fig. 19{a~, a
metal fpm made of | Vdo was deposited on a substrate 1 by sputtering. This
nmetal el mwas patterned by 15 photobithography to forma source el ectrode
71 and a drain electrode 72. Next, ui‘lﬂgg a hal ogen | anp, |ight was
irradiated intermttently onto the s odiment From the other side of the
deposited surface. Here, the surface tenperatures of the source el ectrode
71 and the drafnmsatbedr ofidalrdcaing aahin ofiliboatcosdog. trEmbedimenst 18yiSi H-
gas as a source gas) an a-Si 20 thin filmwas forned, by plasma enhanced
CVD, 6én t hdiffereat feare ameathed vffabecatingta tida fracendihg eo dxafaregelget r ode
72. Tn the a-Si thin filmthus formed, portions covering the source

el ectrode Emlodimens tinai thatl acdonddetiva filag isucthilizéd i pslapeofi 85 eh@?%ry
contain few Si H-> bonds and ot her portions had such filmproperties that

contai n nuabsarber Sind-anbeledsric icMZENROKLY assedt tH&'&?hzﬁlé’V@éﬁdﬁm@mﬁdtdm the
a-Sx thzn ~.lzn, thereby formng an nv a-Si thin | m -4 OCT 2004 49

Subsequent kylectivslyhiesd-the dulbisbrabk BupBseet ched by hydrogen plasma treat ment
so as to selectively renove only the portxoz~s with such filmproperties

that contain nagEs eHewdl IHFiH WA cod IRV AR s Forméd oh 4 Qh?stfrhw v th a
an

predeterm ned pattern was forned. 5 Then, on the substrate the n+

85 1 S e 008 % b L RS g 2161, )
thereby form nged 8aSthd YuBstdatd 1 Abr()élec?ed~lﬁx}it}9'th%9{:gx}clucﬁve films 9, an
insulating layer 3 of SiOs, SilNy, or the like is formed.

Further, as is shown in Fzg 9, with the substrate 1 being heated, a
semiconductor thin film 6 made of an a-Si thin film is formed on the

16 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(2) is obtained. The substrate



Subsequently) on the substrate 1 and the a~Si thin film 74, a gat e.«éoo T 2004
i'nsul at ~g, l ayer 75 made of SiG was formed by plasma enhanced CVD. fther,
a nmetal filmwas forned on the gate insulating layer 75 and then pattered,
by photolithography) in a predeterm ned pattern to forma gate el ectrode 76
~(see Fig. 19(c)). Note that in the case where the source el ectrode 7x and
the drain electrode 72 are self aligned3with the gate 15 el ectrode 76, the
gate electrode 76 is foamed preferably by backsi de exposure such that the
substrate 1 is irradiated with Iight fromthe other side of the deposited
surface, and by lift-off, Finall y%ha passivation film 77 made of a Si N
filmwas fOmReEAIYenegonsnwherethosmduntiverfigms 9gre)presemt ipmes, anis
top-gate type thin filmtransi stor according to Exanple 9 was fabricated.
(Resul t's) tﬁ@é@\edbm; Emhadément Aptisabsut 30 1Cating a thin filmtransistor of
2S Exanples 1 to 9 described above, when formng a sem conductor thin elm
-'4 OCT 2004 Fortgermadre, sherebatttiecuirnatt wabé appliedtonthekconductiogfilied and

t hus the nunber of nasks was reduced, achieving a reduction in fabrication

costs. |n9addagpliy prefet gyt ior 8qnilsad Exsiph(isteddttdntly), ¥8$s BRbwREkLSSAry
to etch an a-Si thin flmby hydrogen plasma treatnment, and therefore the

numbey S gl APEhGRASThE MHiYRSIp b dthen’ BILIGRIVIRIHAIRLIA [l 2901 N

Exanples 1 and 2. Mreover, thin ~[. mtransistors tained 1nt or egoi ng

Exazr xpl eand dpplRabidd @medsl) thin filnn containing therein few SiH2 bonds,
and thus the thin filmy transistors had high nobility and high quality.

U 1 W5 Tl 00 S g S o
pr adet er minero bttt A ahic R B BRI BB alle eriialacSt e SRS oMyl 1 zea
ol yor yst 3 b SRR et S Brgd b RO SRR, LRI RS ip a2 Pt
untl - or b Pl SPeRea CUHG Tinieaheedid: SaRicondhath oA Ioh Wbt o was
Form ng afRed VHAPHE PPTIFHENG fi HOBREDBY SEBht ORGRBSBHY, 85 Hothd FaRe od
thereto. Ll S $ordddii “htodiment’ & 5 Semiconductor thia Bl with o o 17
predetermined pattern can be formed at low temperatures (see Fig. 12). In
addition, since it is not necessary t§ perform a lithography step
15 conventionally required when patterning a thin film, fhe 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 is

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



2S As has been described above, according to the nethods of the present

< 4 OCT 200 51 invention, when forming a thin film the entire suréa0T 2004
the substrate is not heated but only a portion o the substrate necessary
for filmformation is selectively heated, and thus a significant increase
in substrate tenperature can be prevented, reducing the process
tenperature. 5 In addition, since a thi3 filmis forned with the substrate
bei ng selectively heated, a filmwth film properties varying fromregion-
to region is formed on the substrate. By varying the film properties,
differing }&tﬁ@)hi ng rates can be obtained, and thus even if etching is

per f or ned ARt 2 irdhab micendwetive fily pontilized im placepefcivs i abrey| m
properties can be to selectively renoved. As a result, the processing steps
such as pratserbemnsydapnelectmicesmirentilis paseeditheduglarthbeconddatied  filmakong it
possi bl e to_reduce_the nunber of fabrication steps and fabrication costs.
Mor eover, seieptively hieat the substrite smdagé.t h t he substrate being sel ectively
heated, differing deposition rates can be obtained, and thus it is 15

possi bl e to ddfiost,tim the nsdmemmodhyen @ BReChidRing eBnHbddhchies a
substrate. Thus, in. this case too, a lithography step conventionally

requi sed waadupaié M MPfGEidd Bn%%ﬂ%%ﬁtf?g\%gfegﬂ?%% tR&S ﬁfa?{egn{!@?

nunber o fabrication steps Is re , ac i'on fn cos

Fur t her NDNR, a9 Bhe RAO0MER6d & Fdint h&gﬁ%gmgbed according to the 20

met hods of "t he present 1 nvention have hi iTity Thus, when, for

exanple, a thi il mt Si i i fh.sugh a sem conductor thin

filmis appli e}ge,{tb §h| ?‘Eﬁa éﬁfé%g?%f&&gyg%%“y%&i% a‘iﬁ’&%%‘ﬁg"f—‘i NSy an

hi gh- def i p§t{ Eltlifétew a dhgh-s uilet-inydrive circuit can be

obt ai ned. %%\ﬁ% It 3'%§ oglgg(g@ % gﬁgsgﬁkgéﬁf?%%d'sem conductor thin filns

have few defe%ﬁ:,t - ke I o | age current in a F state is

achi eved. Thus, t%%ﬁzﬁtpmayg%hg%%g%ﬁig%?a&? ngiwgng}l%?‘& : such

sezaxi con r ind.itmsgccording 4o the . present jnventign have .

exceﬁ ent q‘g%?‘?&? %En% §f1 afhbn Lﬁi’@eﬁ g’ﬁ?‘getde?’? QEF Ilﬁ?;l.s"mn& 134’ eé(ri?y: Qrexample, A

met hod of _fabhricatinc in filmtransistor conprising: formng, on an

i nsul ati né’ﬁ%%gtm,%eg C}ﬁbm thin filmwth a predeterm ned pattern;

formng a firﬁ\th Sﬁm condﬁ or i}hin fi.lmon the insulating substrate with a
e heating o e su i

strate 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 ﬁlrﬁs, 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 1 the foregoing Embodiment 1, to about 300°C.
PFurthermore, the electric current to be applied to the conductive films
1s applied preferably in a pulsed fashion (intermittently), as is the foregoing
25 Embodiment 3 (see Fig. 11).



specified region of the insulating substrate being selectively hea_t,gd [?ry \
i"rrpartinbg energy to the netal thin filmto release the energy as he {0 rg%
the netal thin film the first sem conductor thin filmhaving film
properties varying between a portion covering the netal thin i-ilmand

ot her portions; patterning, by etching, the first sem conductor thin film
in a self-aligned manner so as to have38 pattern corresponding to the
pattern of the metal thin film the etching taking advantage of differences
in etching rate between the regions with varying film properties; formng,
on the insul ag&)}rj\‘g ztg)bmstrate having the first sem conductor thin film
thereon, a se i coee o tthen subpinali t bhus hhawarg mel tempeysdiine t han
the first sem conductor thin film and crystallizing the second

seni conductistirihution,fa semigortdareton thaat fbmtmuade lof tinea i rthin $8mi sofedmedor t hi n
filmas growth nucleus. 2. The nethod of fabricating a thin filmtransistor
accor di ng indhelsamme tyanheras the freegeingl Embioditheht2] sn whdénedlating lagst one
type or two or nore types of nmetal selected fromthe group consisting of
Ni, Pd, Phy Nwpasssude. C¥DTh€otmselioehtly, helksi thad icase awithi thd ifbragoim@si st or

according to claim1, wherein the - 4 OCT f~4 54 first sem conductor thin

filmgs ombbdiamerst SethdmSif iHim fiagd i@ﬂeﬁoﬁ?&l loﬁlni ah fr%i@hs%v%@hﬂ the

second sem conductor thin filmis a Si thin fi met hod o

fabricati TS0 i i i ]
abri cati BHe FidiRity df thd dondnetish 1 é%ﬁxﬁ%ﬂﬁ 4 Qexﬁic?)h@u@or‘gﬁﬁnéﬁﬂﬁlgak‘g??r

annealing is perfornmed instead of t eat treatnent

fabricati Lyt i i rising: formng, on an insulating
substratef&g&?';ll%r%tEEE1{:%a1 ltdﬁ:d:p%t?%ﬁtvma%%%ﬁ%ggdeterm ned pattern; formng a first

sem conduet of Aadk LN BloTRRCKRW S0 ek bR Bubim e
(ate varl S haUeE AUERRNGR. 8 LTRCLELILLY P phiR AP By e
ourt 5, Dol BRSTRUR L HUReA R, LOLEEG, QLTS M 08 RUORIARLS

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 fillm
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 § of the present invention is described below. Figs. 13(a)
20 and 13(b) 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 b.y sputteri.ng 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



thereon, a second sem conductor thin filmwth a higher nelting posti oChHeH04
the first sem conductor thin film and crystallizing the second

sem conductor thin filmby heat treatnment with the first sem conductor thin
f-ilmas growth nucleus. 6. The nethod of fabricating a thin filmtransistor
according to claim5, wherein the netal_thin filmis nmade of at |east one
type or two or nore types of netal sel e® ed fromthe group consi sting of

Ni, Pd, Pt, Al, and Ag. 7. The nethod of fabricating a thin filmtransistor
according to claim5, wherein the first sem conductor thin filmis one of

an a-Ge thj LI : - i in fidm_.and wherein the second

semi conduc%‘grti‘teh?aﬁggwi@rnggélmé% ﬁ‘f i#%adg?tlﬁe%tmg&f a}f’%%S?’c,satzilng a
thin filmigr istor.according tioclaim5, wherejin = -~ 2004 55 | aser
anneal i ng %%C%B@V’rgof% p)rﬁs[egg%n&odgw@nﬁ@g@ W%&?ﬁ%ﬁ%@m@lew?%ﬁ/m e
fabricating,a thin,filmtransi stor conprising; formng, on an insulating
substrate, g%\"%%‘{}a?el?%fe a]ff'?mrﬁi\ﬁi 19Ul Cﬁﬂé’d‘é‘t"@r?ﬁ NodP dath dvan antohlriongf an

i nsul ating Jayer on the insulating substrate having the netal thin film

t hereon; f @Ky peniginingstwe enmwedynesof mistal selecteByraretheisnimggmup.

sem conductor material on a surface of the substrate with the insulating

| ayer Sbei ng sefquattersl is hehpadtitwlarlybintitedy ankthys ipid pessibleato forimafi | m
to rel ease the energy as heat fromthe netal thin film the first

seni conducplorcality of the enkagy mbsbibers 2rione foi esaniple]i Ndobet WBEPe pabraned
region and other regions; patterning, by etching, the first sem conductor

thin filmwitha axeldrbdtriagpesp amniherdhRtateh0 MRV difsht §bP &%&ﬁéﬁﬁaei ng to
a pattern of the regions, the etching taking advantage of differencesS in

et chi g aierlie oL {ieogagho o Whnolarcdi Be bidgTpipper ties; forming, on

the insulating substrate having the first semco or thin filmthereon,

a second serm QUBSHICARE: HHe chiekgy Wbisbiiferl! 9NChafP!Hden0 pROlRhed NBBNE NS 1 1St

sem conductor thin film and crystallizing the secon em conducfor thin

filmby heatadineal TRkt doRrkGatol el eriffd GORIUCHPERS Bibstkhldm ??ozﬂrtglﬂ’;g ‘o

nucl eus. 10. The method of fabricating a ransi stor accor

i3, age aolin O sty it Shld 6k W g G o
e, 2, skl LOCARAHLI it LD GE0R L B SEERGFL0,
of an a- GanlehiyirhddsBLae QIQelag:yc?l%m‘BQxi'snﬁ b Woout 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
reglons on the substrate 1 whexe the energy absorbers 21 are not pz'oﬁdéd.
Thus, the surfaces of thé enexgy 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 Si;Hg gas. Furthermore, the film thickness of the

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

25 nm.



and wherein the second sem conductor thin filmis a Si thin film 12 Tge
nmet hod of fabricating a thin filmtransistor according to cIain19,'MﬁéW iﬁm‘
| aser anhealing is perforned instead of the heat treatnent. 13. A nmethod of
frabricating a thin filmtransistor conprising: formng, on an insulating
Substrate, a netal thin filmwith a predeterm ned pattern; form ng an

i nsul ating layer on the insulating sub8frate having the metal thin film
thereon; formng a first sem conductor thin filmin a self-aligned manner
by providing a thin filmmaterial to a surface of the substrate with a
specified region of the insulating |ayer being sel ectively heated by

i mparting eners’g’g’sf’%“‘? Vit dhetswbstyatend eadren she dinshsesrieongucier tex from
the metal thin film the first sem conductor thin filmbeing formed only in
the speci fileg 3%@ secondoserningnduntarhihin film 28imgdeufostexarmeplbaof ay atBie fir st
sem conductor thin filmthereon, a second sem conductor thin filmwth a

hi gher methimdlpoiist formedt heéllié recosdnsenivdnduotort thin il 2&n¢hn be
crystallizing the second sem conductor thin filmby heat treatnment with the
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Prnnqccor ding to claim 13, wherein
the first sem conductor n filmis one of an a-Ge thin filmand an a-GeSi
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occurs. Thereby, singlé crystal regions 24 with a grain size of about 2 to 3
Jam 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 ﬁims 22
become the initial growth nucleus because the first semiconductor thin ﬁlxﬁs
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 flm
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 fixst begin at the first semiconductor
thin films 22 with a iow melting point, the first semiconductor thin films 22

25 can function as the initial growth nucleus. Further, the second
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5 Note that the present embodiment described an example that applied a

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

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

Embodiment 2.
10
Embodiment 6
Embodiment 6 of the present invention is described below.
Figs. 14(a) and 14(b) axe 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 absoxbers 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 swiface 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 insulaf.ing layer 26 have a higher temperature

25 than other regions. Thus, the first semiconductor thin Slms 27 are formed
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10 for example, plasma enhanced CVD or 10w~pressgre CVD. Moreover, the
film thickness of the second semiconductor thin film 28 should bé in the
range from about 30 to 100 nm.
Moreover, as is shown in Fig. 14(b), the second semiconductor thin flm
28 is irradiated with excimer laser 25 and crystallized. The crystallization
15 begins, as is the foregoing Embodiment 5, at the first semiconductor tlﬁn
films 27 as the initial growth nucleus, and lateral growth occurs on the first
semiéonductor 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 irvadiation (.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
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method of fabricating a thin film accoxding 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 thinl film according to the foregoing
Embodinient 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
transi_stor.l Fig. 15 1s a plan view schematically showing an apparatus fox
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
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In the plasma enhanced CVD chamber 31, a thin film is formed on a
substrate 1 by plasma enhanced CVD. More speciﬁca]ly, 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- chamberl 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
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substrate 1 by sputtering. Thereafter, the metal film was patterned in a
predetermined pattern by photolithography to form a gate electrode 51.
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 pl-aSmé 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 SiH4 gas as a
source gas, an a-Si thin film was formed on the gate insulating layer 52 byi
plasma enhanced CVD. In the a-Si thin film thus formed, portions above
and in the vicinity of the gate electrode 51 had such flm properties that
contain few SiH. 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.
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Subsequently, on the gate insulating layexr 52, the semiconductor thin
5 film 53, and the channel passivation layer 54, an a-Si thin film 55 was
formed by plasma enhanced CVD and then patterned by photolithography
(see Fig. 17(c)). Further, n* ions were implanted from the top of the
channel passivation layer 54, thereby forming an n* a-Si thin film 55’ (seé
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 eiectrode 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 thm film according to
the foregoing Embodiment 1 is applied to the fabrication of a thin flm
transistor. Note that a thin flm transistor according to Example 2 is

20 different from a thin film transistor according to the foregoing Example 1 in
that the thin flm 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 SiN,
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hydrogen plasma treatment to form a semiconductor thin film 53 (see Fig.
s 18(b)).
Then, on the gate insulating layer 52 and the semiconductor thin film
53, an a-Si thin film was formed 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. Subsequen‘fcly, 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 33, 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 SiN,
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5 gate insulating layer 52 in a region above the gate electrode 51 was set to
about 400°C. Subsequently, using SisHe gas as a source gas, an a-Si thin
flm 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 l57 were formed (see Fig, 17@)).
Thus, a channel passivation type thin film transistor according to

Example 3 was fabricated.

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 _ﬂlm transistor according to the foregoing Example 3in
that the thin flm 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 SiN,
was formed (see Fig. 18(a)).

25 - Next, in the same manner as the foregoing Example 1, using a halogen -
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5 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.
18(b)).

Subsequently, in the same fnanner as the foregoing Example 2, on the
gate insulating layer 52 and the semiconductor thin ﬁlm 53, ann* 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 formea. Further, the n* a-Si thin film and the metal
film were patterned in a predetexmined pattern by photolithography o as to
form an n* a-Si thin film 61, a source electrode 62, and a dxain 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 fabrigated.

20 Examples 5 to 8
Thin film transistors according to Examples 5 to 8 correspond to thin
film transistors according to the foxegoing 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
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Example 9 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 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 i]lixstrati.ng the fabrication steps of a thin film

transistor according to Example 9.

First, as is shown in Fig. 19(a), 2 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

souxce 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 SiHy bonds and other portions had

such film properties that contain numerous SiH: bonds. Moreover, n* ions

25 were implanted in the a-Si thin film, thereby forming an n* a-Si thin film.
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treatment so as to selectively remove only the portions with such film
properties that contain numerous SiHz bonds. Thereby, an n* a-Si thin film
73 with a predetermined pattern was formed.
5 Then, on the substrate 1 and the n* a-Si. thin film 73, an a-Si thin film
was formed and then patterned, by photolithography, into an island so as to
have a predetermined pattern, thereby forming an a°Si thin film 74 (see Fig.
19().
Subsequently, on the substrate 1 and the a-Si thin film 74, a gate
10 insulating layer 75 made of SiO2 was formed by plasma enhan_ced CVD.
Further, a metal film was formed on the gate insulating layer 75 and then
ﬁattemed, 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-alipned 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
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In addition, in the foregoing Example 3 and 4, it was not necessary to etch
an a-Si thin film by hydrogen plasma treatment, and therefore the number
5 of fabrication steps was further reduced compared to the foregoing
Examples 1 and 2.
Moreover, thin film transistors obtained in the foregoing Examples 1 to
9 had an a-Si thin film containing therein few SiH2 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 flm 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 Furxthermore, 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 Blm.

INDUSTRIAL APPLICABILITY

25 As has been described above, according to the methods of the present
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In addition, since a thin film is formed with the substrate being
selectively heated, a film with film properties varying from region to region
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 numbér of fabrication steps and fabrication costs.
Moreover, when a thin film is formed with the substrate being
selectively heated, diffexing deposition rates can be obtained, and thus it is
16 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 sefniconduetor thin film
1s 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
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forming a first semiconductor thin film on the insulating substrate with a
specified

region of 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 having film properties varying between a portion
covering

the metal thin film and other portions;

patterning, by etching, the first semiconductor thin film in a self-aligned manner
SO

as to have a pattern corresponding to the pattern of the metal thin film, the
etching

taking advantage of differences in etching rate between the regions with varying

tilm properties;

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 with the first

semiconductor thin film as growth nucleus.

2. The method of fabricating a thin film transistor according to claim 1, 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.

3. The method of fabricating a thin film transistor according to claim 1, wherein the
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laser annealing is performed instead of the heat treatment.

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

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

forming a first semiconductor 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 vicinity of the metal thin film and other regions,
the

first semiconductor thin film covering top and side surfaces of 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 with the first

semiconductor thin film as growth nucleus.

6. The method of fabricating a thin film transistor according to claim 5, 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.

7. The method of fabricating a thin film transistor according to claim 5, 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.

8. The method of fabricating a thin film transistor according to claim 5, wherein
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thereon;

forming a first semiconductor thin film by depositing a semiconductor material on

a surface of the substrate 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, the first semiconductor thin film having film properties varying between

a heated region and other regions;

patterning, by etching, the first semiconductor thin film in a self-aligned manner
so

as to have a pattern corresponding to a pattern of the regions, the etching taking

advantage of differences in etching rate between the regions with varying film

properties;

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 with the first

semiconductor thin film as growth nucleus.

10.  The method of fabricating a thin film transistor according to claim 9, 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.

11.  The method of fabricating a thin film transistor according to claim 9, wherein the
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laser annealing is performed instead of the heat treatment.

13. 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 insulating substrate having the metal thin film

thereon,;

forming a first semiconductor thin film in a self-aligned manner by providing a

thin film material to a surface of the substrate with a specified region of 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, the first semiconductor thin

film being formed only in the specified region;

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 with the first

semiconductor thin film as growth nucleus.

14.  The method of fabricating a thin film transistor according to claim 13, 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.

15.  The method of fabricating a thin film transistor according to claim 13, wherein

the first semiconductor thin film is one of an a-Ge thin film and an a-GeSi thin



-4 OCT 2004

57

film, and wherein the second semiconductor thin film is a Si thin film.

16. The method of fabricating a thin film transistor according to claim 13, wherein

laser annealing is performed instead of the heat treatment.



