; ?@\BCDe3e| ppquv| 6P| T| ' L4940 DEC Z004 THI N FI LM TRANSI STORS ?NDD '
" SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON [Field of Epﬁamﬁion]
This invention relates to thin filmtransistors using a sem conductor film
of 5 crystals that are collected having various azimuths (hereinafter
referred to as TIHNtEILM MR 42HH16310RS oN DY SEMICENDRpC TR BN HYE a
polycrystalline silicon film and a sem conductor device formed by using
the above thin filmtransistors. In particular, the invention relates to a
sem conductor filmformng a channel -formng regi on, a source region and a
drain region of a thin f|BMK@B§©L§E3&O£@HEOI\&VEB«H%Conduct or device
nmounti ng the above thin filmtransistors. In this specification, the

"sem conductor device refers to devices that work by utilizing seni conduct or
characteristics as a whole inclusive of display devices as represented by a
Li qui d cryStied dichpliayentévijce and semi conductor integrated circuits

(m croprocessors, signal processing circuits and hi-gh-frequency circuits).

| [Prior Art] T’herleVMBoﬂneelat&S&mahupéﬂnardramhmIuagx)g 4 e¢micabriueadrifiign dhi n
filmtransistors (hereinafter abbreviated as TFTs) by form ng a crystalline
seni condluctrpstalsi thacomeacqlassd dubsty atwowr anmuahguaetansihstdfatred o as
Application of this technol ogy has been forwarded in a field of flat panel
di spl ays agystelinesentiechdiycranfibet dsrepetsenced byqupely@@s@tliist alicai Siph,awnd
device. TFTs are used as switching elenents in the pixels or as elenents
for forni ngsemirindexctai device foomeedby msingettpenbphenhas fidh tlhasipiote! sin
Silicon is chiefly used as a material of a crystalline sem conductor film
her. formi r[;girtlb'elac,hhamteiferftmaﬁgﬁ&glﬁﬁﬁcor&hlﬂt@ﬂtﬂhﬁ@ir@ﬂﬁgadh@(hﬂftlrf@ﬂhﬁ{aas or
low 10 DEC 2p0~r concentration drain (Lightly doped drain: LLD) regions

i n active meggnons sofrcd FEgionThadsi ldrgionrddidindiavichig. aliar yeshadbi n@dsts uct ure
(hereinafter referred to as crystalline silicon film is formed by

subj ectd ngeatica@nmbhrpbousesid iwoanfihh midepdsivt echian fim cransistors. In chis

specification, the semiconductor device refers to devices that work by utilizing
semiconductor characteristics as a whole inclusive of display devices as represented
by a liquid crystal display device and semiconducror integrated circuirs

(microprocessors, signal processing circuits and high-frequency circuits).

15 [Prior Art]

There has been developed a technology for fabricating thin film transistors
(hereinafrer abbreviated as TFTs) by forming a crystalline semiconductor film on a
glass substrate or on a quartz substrate. Application of this technology has been
forwarded in a field of flat panel displays as represented by an active marrix Eiquid

20 crystal display device. TFTs are used as switching elements in the pixels or as
clements for forming a driver circuit formed in the peripheries of the pixels.

Siticon 1s chiefly used as a material of a crystalline semiconducror film for

forming the channel-forming regions, source regions, drain regions or low-




substrate by a plasma CVD nethod or a | ow pressure CVD net hpf) Bgct@ heat 5
treatnent or to the irradiation with a | aser beam (herei nafter ref 5ed to
as laser treatnent in this specification). In conducting the heat '
treatment, however, the. hﬁ%iti fg must be effected at a tenperature of not
| oner t harFBE6etREPBRn e tyitlapedolrpbuld-Rotegiopstinlacdee tégonsof phdus
silicon fi,l;l ‘_&he %EO\ée treating tenperature and the treating tinme are 10
not necessant FYicRfimylaying srvshdling drdgorathaseinpirotudtired tyaofryshEiEFTs.
When a liquid cr)(sﬁ al display device is taken into consideration as an
applied prs Y i) dy fmred by swhiacting 4uenscehons alican ddnsilzeosisdnecessar y
to cope with an increase in_the area of the substrate, not only consum ng
ener gy in Sugigateambalasn G\ medps! of a gewducsion DD mbdodrakitnghir
difficult to obtain honobgeneous crystals over a wide |S area. In the case
of the 1 adEsatfeastardattheitrafintginf witbw laseoboibt dherchordogentowes ©r yshatis due
to the lack of stability in the output of the Laser- oscillator. D spersion
in the qudr§aupest i tystaeshicoion). becone a cause of dispersion in the TFT
characteristics, and deteriorates the quality of display of the liquid
crystal di spl djcoseliceag thadephoemmelis boagves vhe bsatid® nkhebe effasceal g0 been
proposed a technology for formng a crystalline silicon filmthrough the
heat tr eatniEMbeantuge pénpefararbah®NerCtihanot lees thempkl) hourses cepqhloaeadhet hus
far by introducing, into the anorphous silicon film mnetal elenents that
assi st t hanqrpbpws Filigan ffibm. dfhesabiaveareatitecemgieryutoand dic exarp emelapanese
Pat ent Application 1( Kokai iﬁ Nos. 7-130652 and 8-78329, a crystalline silicon
filmik 2mophreasssedyopitahe femt therseatdpemnt clgnddotedoas! S&EOCFTor Whaour s by
introducing such a netal elenment as nickel into the anorphous silicon film
~ 0 DED | fiqusbcrypypd tisplaynie viriel is cakenfintor dusidrdriby as he appbakprofweentingnal
nmet hods, however, the planes of crystalline azinuth exist in a random
fashi on, arddls keraaginigduotacerdf @rlteseisine i setowarf oo cppe wiidubminaeystial thi:ne
azinmuths. The cystalline silicon filmobtained by the heat treatnent or the
Laser treaterent thserubstrgtenot anliceystualing recfyparlbigel msotioskie theseimpidfat ed
and oriented on { 11 1}. Even when Limted to the plane azinuth, however,
the rati opepdunticanbuat dlemndikingiotifércleed opost dbntdyenwbied @vdlsmoveWaandt he
ratio of orientation is low, it is alnost inpossible to maintain continuity
of | atlti carwn Intike casgsif aht laner weanrnboundific el tobhbraen hhmooe ystal syofls
different azimuths abut to each other, and it is estimated that unpaired
bonds ar edu@ thehadak kot rabiiine inunpabredichdnds loar ohellgoai Dikeusidarhedecoul d
becone centers

quality of crystals could become a cause of dispersion in the TFT characreristics, and

deteriorates the quality of display of the liquid crystal display devices and the EL
display devices.

20 There has also been proposed a technology for forming a crystalline silicon film
through the heat treatmentata temperature lower than the temperatures employed
thus far by introducing, into the amorphous silicon film, meral elements thart assist
the crystallization of silicon.  According to, for example, Japanese Patent
Application (Kokai) Nos. 7-130652 and 8-78329, a crystalline silicon film is

25 obrtained by the heat treatment conducted at 550°C for 4 hours by introducing such

a meral element as nickel into the amorphous silicon film.

[



of trapping the carriers (el ectrons/holes) accounting for mﬁlg{pm t he
carrier transport property. That is) since the carriers are t %d and

trapped, a TFT having a high electric-field nobility cannot be expected
despite the TFT js fabrchat ,?,d by . usi.ng tjf apove crystalline sem conduct or
film Besides §inEstaling silticppdiilar farmed puithe Bbune apheentésialtmerhalsr andom
fashion) jt is difficult {o fO{mthe channel -form ng regi on using

crystal | | ReVp% Flg elenanel fystallipsrazirewhae st gt mpidprefaskiomiand tanditel ectri ¢
characteristics of the TFT tend to becone di spersed. SUMVARY CF THE

| NVENTI ONPHQri§rgagan gploachor gprtiqular qravalimieswineechsr dicdeysrelling stlmongddhvi ng

t he above 20. men\@)i oag(il problens, and to provide TFTs usi ngwg crystalline
seni condue?@na PmtmineAt Feapbeni neshdblaser yispantnz pagrisnphmer pyowdine

sem conductor filmand is highly oriented, as well as to provide a

senm conduddrskled &9 Pe ererdpinted gndiorgnagshoe {TETS Bvarswhew ntifchiopheylade a TFT
having a channel -form ng region forned of a crystalline sem conductor film
obt ai ned HyHEathavesr &@ rafig of oyisnstiaydidgentxgeed 209 aGeadode dimr phous
sem conductor_filmcontaining silicon as a main conponent and germani umin
an anount of WoensHes o O aieptatien alew véthigtalmost kmpgwible harmabiainoni ¢
(preferably, not spaller than 1 atomc % but not |arger than 5 atomc %
whi | e addidyiraifephllatsice nentthe ayaabinengrefeihouadades erteat itbn arattals of t he

| attice plane {101} is not 5 smaller than 20% the |lattice plane { 10l

havi ng a @g’iﬁné agimwides abat geeadthamieroantbirie esrimirteld thes pepairtd bohds suer f ace
of the sem conductor_film an orientation ratio of the lattice plane {001 }
is notl] afg]géﬁd gt 30he unpaired bpeds i eregaooboindraiss nguihbamghecaftenot

| ar ger the?n 10 degrees with respect to the surface of the sem conductor
film andlaappingnths Fomicrat¢locapnyheleshorteapate &l dop irs thotcatranger
than 5% the lattice plane {111} having an 10 angle of not larger than 10
degr ees AHPPESPERETlo {het Susihaeshotatries semi@owdut tor! tappmdas TETect ed
by the el ectron backscatter diffraction pattern nethod. The invention
further prowngashiehrriarviicll andnlinneinhor b ngxeegicod esmirarete of FA is
crystalline sem conductor film obtained by heat-treating and crystallizing
an’ anor pHekrcasedihyomdng th abovareoertlaasangicontlicion fas.. aBosiles, conpohent  and
germani umin an anount 15 of not smaller than 0.1 atomic % but not |arger
than B0 argmildingqrpirebenadiries ot israfdrelon Hashidn, &t onildiiealbud fooh dhar ger
than 5 atomc % while adding a netal elenent thereto, wherein an

ori ent at icéanpak-faynghg rhgohatsticerypledive part@lesihdvsngat panmllaercryhaling% t he
| attice plane { 101 } having an angle of not larger than 5 degrees with
respect ta@inwed, sudfedesriofchareteristics of the TET tend 1o become dispersed.

SUMMARY OF THE INVENTION

[t is an object of this invention to provide means for solving the above-

20 mentioned problems, and to provide TFTs using a crystalline semiconducror tilm
which is obtained by crystallizing an amorphous semiconducror film and is highly
oriented, as well as to provide a semiconductor device mounting the above TFTs.
This invention provides a TFT having a channel-forming region formed of a

crystalline semiconductor film obrained by heat-treating and crystallizing an




sem conductor film an orientation ratio of the lattice pl ane?ﬂoggﬁ} a not
| arger than 3% 20 the lattice plane {001 } having an angle of n Z@er
than 10 degrees with respect to the surface of the sem conductor film and
an orientation ratio of the lattice plane { 111 } is not |arger than 5%
the lattice plane { 111 } having an angle of not |larger than 10 degrees
with respect to the surface of the sem conductor filmas detected by the
el ectron baeksfohsEerficbidRErifM RAAGHP sTRHAQS. 2 %éinT%ﬂdﬁ&%%H‘g}r&lHﬁimer
provi des a TFT having a channel -form ng region fornmed of a highly oriented
crystal | i ne'™s@ni aoeridctfonotf sthatldnathamd. b atdinick e dst abt flargen @@nnid tawrdid0%i un

and cont ai nj ni.krogen and carbop at ,concentrations of smaller. thgn 5 x
S0 g onLal BRI G900 GRY POReRL SEIEEYESLL A0 PhoR TRl Sk RS
10~~/cnB, anftd clerdéht ME&reRf) Adher&QNrRbAEMB SN £atived R khellBIR ATl {801} is not
concentration of smaller than 1 x 10~~/cnB. The invention further "provides

a sem conduéiallerdbyn 3eohtgiladica planar{il ; hoving ag anggiodmof birgee dhaf 1tadegrees

sem conduct Qf,.f i t ai ned. b at -treati d crystallizi apor phous
seni conduct gf?thfljl’e%prrgcg%n i1 ﬁ((f:]eyostih&‘fscsgwlcggd%&%aﬁﬁ“’cad’n%%‘ﬂ’gﬁ’tonarﬁggé’z?%ﬁio 5
in an amounplané {001} BMRk Iepertthan3®, thekadite 1%HebW01 PBhvibahEAhgleNFhol Pargdoni ¢

(preferably, not smaller than 1 atomic %but not larger than'5 atomc %
whi | e addi nHeg 1Qelesrece pathartpeeHierthe surfaghed dhasearicondugter &imomd an prientdtionhe

lattice pl ape : | l.l.er %t he ttige n 101
avi ng ah ahgech aesuBl (PITE I Thr B3 A0S B Ll il bonrale
of the $&em emgieufharlafeet nhanal® dugrentvath @pdcatd Me afirfideafltid tdnsiCorkRicol FMa
{001 } is not, larger thapn 3% the lattice plane {001 } having an angl e of
not |arger PHefC %ﬁ%‘éfa@ trgp barkseadisediftragiionpatienpeibed. of t he sem conduct or
film and an ori I b L -1 LS. | ar ger
Rt fHlveRibd ﬁ{wher ﬂjoi/fdlaga h%ﬁ{ﬁac,ﬁ% ?re&%g@-éﬁéﬁu%ggg Sl e

than 5% the lattice plane 111 havi ng an
degr ees r el atiyellins seméecosdudtactinodbthined by i-atandting and Envbtailiamgdet @eirplbiRy
15 The_inyention

t he el ectron bhack C{:\t fﬁﬁ“ di ffr.act.{.on attern net hod. Y
further . pr SUTHELS 00 B ORI GRS A2 O RGORSTE AR AR BIRITE FBg¥n
formed o aosRAisERANSUEHPD. 1THdicCRbLAL AGdad¥r dﬂsﬁﬁofa{oﬁﬁk %ﬂgr@ﬁgafb%,xl%{ ahhig! ng

an anor phous sem conductor filmcontaining silicon as a chi conmponent and
ger mani um i Haard #ewimte bft neblargerdhiref atdvaie °0) whie adiliog% ethl aletmehtathgeto,t han

10 atom c ( r abl ot smuller than atom.. % but npot larger than 5
atonic % V\ﬁ Fl?%&aagld?l#dlt%mﬂd aﬁ@f’ I:;ﬁ‘eelfl%lﬁ‘éﬁ ang I{i{ﬂa}t 8,“%@?@?%@?}5 it}é:n{‘)ig'ccieon
ratio of thglah@{101geapingag ahdi@bs hot I&gépihaﬁﬁﬁieg%s el tb e hdkitd 68mBl ane
{ 101 } having an angle of not |arger than 5 degrees with respect to the

surface of IWECYEWrEsMtcrbeIeNiatian rako of thenatick plrne00b} of nat Hargemthen 386,

pl ane {01 WS+ I e % titice,plane, {001 } . having a
angl e o%pno%lellgﬁlgée) labﬁéﬁ@lfoﬁ agiearg‘r%legsn%.' ﬁﬁ}]&e@ SEFBP?&t < g‘crgs%efgf%@e
sen conduct arfaté bfitheasethieondacioe filraf drehar afibatddn RBotdTand akfidcsamd aDA f}{is 111

} is not larger than 5% the |attice plane { 111 } having an angl e of not
| arger t han“‘%garﬁ‘é@ﬁ%é‘ég/% dreaptise lapet il s hiaving an arsle wé nelthiass wacklodestess m as

det ect ed bywin respect to the surface of the semiconductor film as detected by the electron
backscatter diffraction pattern method.

25 The invention further provides a TFT having a channel-forming region formed of

a highly oriented crystalline semiconductor film having a thickness of from 20 nm to 100

nm and containing nitrogen and carbon at concentrations of smaller than 5 x 10'%/cm’ ,

containing oxygen at a concentration of smaller than 1 x 10'%/cm® , and



t he. el ectronbackscatter diffraction pattern nethod. The i nveqt' durthe'r
provi des a sem conductor device having a channel 5 ~ 0 DEC w aﬂﬁﬁ.ng
region formed of a highly oriented crystalline sem conductor film having a
t hi ckness of from20 nmto 100 nm and contai ning nitrogen and carbon at
concentrations of smaller than 5 x 10'/cnB, containing oxygen at a
concentration of smaller than 1 x 10'/cm, and contai ni ng 1 he3 net al el enent
at a concentdédngs et mswhelement s aponcentra@on ¢fonguleTthen det HI' /ghénent that is
added i s one or re of..those selected from Fe ,.N., Ru, Rh, Pd, Os, Ir,
G and Ao TREC BRI RE ST RORE® F spPBir i vich ayaE 4 e et
added is hemgidn’ Raihed dfta t&EIEMNcIR! MhPoB@RIRE WIdhdat kb A8 eARONNM  ah
silicon with the metal elenent. This conpound fhen diffuses to assi st 10

t he cryst al ¥Peg@hpensengeendaaion Mlmrentainng sidiech aoa nken aemwppivolsnd geingaiundoes
not rea R, th oppound but stays in the peri ries thereof to huild
up Iocafg s}t,\frn aiti][}]. %él?sogfné#ns%agté}‘(stﬁzfno%ﬁna@gﬁ%eﬁm rgql}ﬁﬂ&‘?éltﬁ%dlsugmﬁc t}JPle

formation ofprefeabB), nanshmalle e, 1 henElesy RAIRt IAGrdRASS hibnhE vh)Nenilosdmid on of
nuclei. The strain further limts the orientation of crystal's. 1p To

produce t heMgibelmashthapled vderaiman qrientption yade df dhe dettice praoaghl 04k de miotrent

that ger mani Jupp 0 ed | mount_ of not.snaller.th .1

atonic o but not %%glrs‘%deo/?’ tjtﬂgéﬁg%oglg# é(; ﬁfd(;i} %a( Iﬁllgeafnear%gel g/f,noﬁg%rggwgﬁ cf%ﬁ'éeﬁs 1

atoni c but woh réspegen thbamfaceatfalt eemiconducith 6limg ah WRRhtdfbn SatRdsehei 1Attice
nucl ei are fornmed spontaneously and

anount s, Lar ger i n .the above range, : C
conspi cWouslﬁﬁne( &ﬁ% PPt Elégeééh%’%e?hetiﬁﬁ?e aleee WOl deyingoenenalp ehnetilerger
conpound of it heq ﬁ@%@gs Whh %sg@étq durfife BFtH lsler%YcoB{iuc%IJ ﬁi&ognﬁﬁg o%%{ltgiﬁoﬂllég m

making it difficult to incréase the ratio of orientation 0O

crystal | i neragemif tonbitisegriafd {1l } \Wheot lgeentininuivh, the dstdedplane 0D }ShBlitg an
anounts, stra"n Eoeg not buil d ugg to a.suff(&lci er}t degree meking it

di fficult tBENRRYSEECHEP A0 Gektes drlplvi oy the murfage plethc somioppdyrien@im as
anor phous  seIsiLGE @lecfrbh HAdk§ca@r¥§&i?ﬁrAdtiﬁﬁ”ganérHﬁleY}RJdP”E of the film
contracts due to the rearrangenent of ato I viewed macroscopically. As a

resole ® ~ ~~Jlxoovensivgi fighetirevdese sumisonductohdedry bivdhg b rbaseivfaarnict or
filmfornmed_on the bstrat e, on nt gi ni n r mpni um havin . atom c
radi us | ar 8‘8 IQF higﬁm%ﬁg? ao?“élf’?qld BT g0 ?}Hﬁ‘gﬁg ﬁ'ﬁgﬁg?ﬁt’&g gnd ‘F"?’thﬂlfwga%m c

% pref er abinyorpAortsGsethi@indii®r Hom ReMBVETy siliff £ONEKiBCLIRbnht MR SuFR G, t O
the crystallization is suppressed, and a small internal” 5 stress occurs.

That is, upBnitéReEMhPhdoysmetni tinal ! aatemire énthuatioddarger domt édpitamid %oy
this i nvent(bfg’i}eraﬂl@,en&tsrnﬂll@r ihgntlhaqot%{oy ‘%tb%lt lni)tnleargse? Wﬁa%%"ﬂgr%ﬁco%)fdrﬂi@ a%?ipng a
20 metal element thereto, wherein an orientation ratio of the lattice plane {101} is not
smaller than 5%, the lattice plane {101} having an angle of not larger than 5 degrees with
respect to the surface of the semiconductor film, an orientation ratio of the lattice plane
{001} is not larger than 3%, the lattice plane {001} having an angle of not larger than 10
degrees with respect to the surface of the semiconductor film, and an orientation ratio of
25 the lattice plane {111} is not larger than 5%, the lattice plane {111} having an angle of
not larger than 10 degrees relative to the surface of the semiconductor film as detected by
the electron backscatter diffraction pattern method.

The invention further provides a semiconductor device having a channel-



be rel axed. The distribution of crystalline azinuths can bgﬁwzm‘usi ng
an el ectron backscatter diffraction pattern (EBSP). The EBSF’I hod of
anal yzing the LO crystalline azinuth fromthe backscattering of prinmary

el ectrons by providin? a scanning electron mcroscope (SEM wth a special
detector (fveménmedgiar fornhidofrtipbly drented ersedlinoscascGBER (efihe hat oty o
convenience). Fig. 2 is a diagramillustrating the principle thereof. An

el ect ron givclBshotft koot 281 wmefd OO emi ssilormehechg aticrgoe) 220 cadbom [ OF
202 and a sanpl e chanber 203 are constituted in the 13 sanme nmanner as those
of an or di FargnsEaions of sehbot than Tk ¢ PG4moheonifmningasyge thecERSRrRiEt age
204 is tilted at an angle of about 60 degrees, anti a sanple 209 is

i nst al | ed.oflsmalleir shan dte]0'a/cscr sahc@dGinhiy ahe eteestdem20bai §comselitLdS0 as
to face the sanple. Reference nuneral 207 indicates an el ectron beam 208,
a backszatafemeicsitben don102@ntder e, when an electron ray falls on the sanple
having a crystalline structure, non-elastic scattering also takes place on
the back side tThensot]clandnt therés chiedbieont somobsef these & lbdBedomRELIEHN
(generally called Ki kuchi inage) specific to the crystalline azinuth due to
Bragg di f fiNadtu,dhh,i dt Qe lsahpltéu and dou.dilihg dnnotpheuEBSRorEhoth whitg: Hidkuchi- -
i mage reelected on the detector screen is analyzed to find the ?5

crystal | i mecatialemhnofis tiided dsniear-thiaged 2oi dhettdtyr Afres aacsmpstad | (steide

sem conductor film 302 of a polycrystalline 1 D DEC 2004 structure
formed on consubstd)at 6ili80d witthdeanytat dbinicne Flest:copduat ehet Hiffis300 has a
prerequisite in that each crystalline particle therein has a different
cryst all i beazymllibatitipoGarepeatinta( pficda) theeragighaakli@maliys somhi | e
novi ng a position of the sanple where the electron beamfalls, the data

rel ated t geadtevich yisis abinppend baziuapih the péeplidiesehéenf @ikl albchescakt ai ned
concerning the planar sanple. The thickness of the incident electron beam
303 vari eslldepeniti ngrkpon itdreadeype ofirictiaadhecirde @unaghntdfensdanmhang

el ectron mcroscope. In the case of the Schotthy electric-field em ssion

el ectron dumyeam ddceeiseahe beainodf the fyenycidi DEnadel OTHOs 2R nTN G20 liRG:s
projected. In the mapping, nore highly averaged data of crystal orientation
10 are obtthe negnwitidn aficiysatease in the nunber of the neasuring points or
with an increase in the area of the neasured region. In practice) about
10000 poi nts (lo gapdote khet ajovcomabauhed0ROOnPOE NS 60e:P [PAMCAr ehiRBEUr ed
over a region of 100 x 100 ~tm . Reference nuneral 304 indicates a
backscat t expdrigleac tiiaermhgiun heedripdeaddid e azimuytiisotiodshgler vistad i ne
particles are all found by 15 mapping, the state of crystal orientation for
the film aammbe¥%dxpresdedet thoa K} &bist D (grafergily, fi@mAlr Hsard diadrcam
illustrating back poles found by the EBSP nmet hod. The di agram of the back
pol es is tuequehirtyr tised fromidis phaémgeraamipned ai&lihamQnierati ®@anof a
pol ycrystal l i ne substance and coll ectively represents which lattice plane a
parti cul arthphaoee fsagd, agelafare iernidd sporhei@usBf artdhenspmldislys (drfsialineenent
ZOwith. A fan-shaped frane of Fig. 4A is usually called a standard
triandlle inuchhickin acedepegdshialgdonl thdeyapoohdtdiehe il aleystadmsist.em The
| ength in this diagram corresponds to an angle in the crystalline azinuth.
For exanphe, alan anglieoaf add cdagaeios, i sakeli nediyuld @01hcend thddlie @n
angl e of 35.26 degrees is defined by 25 { 101} and { 111; , and an angle of

Q4. 74 degopeestdsodef tiedbhyndd brybedllide 88icon@Qttor FilmWXLIR: i8¢ t@thilihngs
represent ranges of shearing angles of 5 degrees and LO degrees 3 10 DEC

2004 added in too small amounts, strain does not build up to a sufficient degree making

it difficule to increase the ratio of odentation. either.

(3]
w

When the amorphous semiconductor film is crystallized, the volume of the film

contracts due to the rearrangement of atoms it viewed macroscopically. As a resulr,




from{ 101 }. Fig. ~IAis the one in which all neasuring p%)&lg@( 1655
points in this exanple) in the mapping are plotted within’ gﬁ rd
triangle. It will be learned that the density is high near the point { 101
}. Fig. 4B shows the concentration of such points 5 using contour tines.
These ar e tehdlosarasescoirs an tay crystalirgi snricdoduasor film évinon] oanke sttecrate.
concentration (density of points of Fig. 4A) is represented by a contour
line in tHéremsenipiringgerandom brviegtatitomi¢ sxdmelsmredhatieha) oftsleovnaltues
represent magnifications of when it is presunmed that the crystalline

parti cl es aarancgni@pioad(ithl do ddiatemée Ferirefesabtanher 3 dromic Y%wbewdvee phei nt s
are evenly distributed in the standard 10 triangle, and are the val ues

wi t hout dicwapgicgan oflwehuine diss th ar eyetallizationhesugpyssad | imkea panllicleesalar e
preferentially oriented to a particular index (here, {101}), the ratio of

t he nurfbestigss ©cyetsal | Thet par tpeh emntainies tgednaeam t e ai ndaxctitsadndizat ed
by a nunerical value, so that the degree of preferential orientation can be
easi | y i megihtedplared bheéhisiragnamm ohebaeio ipahesrshdline dGniconBiigror 4bn char
exanple, the ratio of the nunber of points present in a range between a
shearing &gkkxofl. 5 degrees and a shearing angle of 10 degrees from{ 10-I
} (indicated by white dotted lines in the drawing) to the total nunber of

t he points carlvedexpressed! asysallimt pomafthecaetteatouod bynusiogpin aoceown t h
the following fornula. ?0 [Fornula 1] {101} Ratio of orientation = nunber
of measur édckwinmes diftakiinn gracelrh (EBOPE. alyl ERBEt meemetihel bathilyenplthoe {
101 } and the filmsurface ! total nunber of the neasured points This ratio
can hellexghwialbde imirautaheer tas bddscaitbedg bé poimarvhdec trbgs 8y prafidRECa200
distribution is concentrated near {101} as in Fig. 4A the individual .
parti cl es stanrang edécttoh micaveopn (SEMutvith<a kpdcinl deardyr prependicullars to
the substrate as shown in Fig. 6 but are expected to be arranged bei ng

f | uct uat edndthed eabefitrredThe aal HiMabiehvdl foesoafetiracangliée.of if laudiagatihon are
set to be 5 degrees and 10 degrees, 5 and the ratio of those snaller than

t hese val ulbstaregnbeesrireapleyhespf.e dsedec iRef guanBehouthe fiald-60dc d disgahes a
substrate; 602, a crystalline sem conductor film In Fig. 5, for exanple,
the azi muthkcgobOduy BDE aohiraogl@emd n ysihald dinempar10the d@smoteidnaldided in
an all owabl e range of 5 degrees 503 but is included in an all owabl e range
of 10 idegsees nGher bathidse ofdat ardappeardmdang a:etrontnhierakbpwnabb ercabearchag
angles are sec 10 to be 5 degrees and 10 degrees as descri bed above, and
the rati obdSRmystagd L0Aes pidvetli ol msasdt i fapong 60 hlegrdcs, expressgse 2ROfier ence
numeral 501 indicates surface of a film 502, a perpendicular |ine of
surface. Imtslhel diragriasaed, backerpdlesf shewetdn2F §.indAred heaver fexebeare {
101 }, { 111 } and {001 }, and the other plane azinuth appears as the
sheari ng vahpk.ikRkeksasesilrpetaelal invdicites §A @ldcrroAshdadre, sk ar hrgsengledf rom
{1 01} becones 30 degrees, then, {1l 2} devel ops. Wen the ratio of existence
of crystakleécnenazinuth is to be determ ned by the EBSP, therefore, the

al |l owabl e shearing angle nust be determ ned for the crystalline particles
that ale di st HdouteHen analdditat watfglth srariresfangde asvireta tQsiafictudencatingr

i ndexes- The present inventors have discovered that the 20 ratio of

exi st encenoh-daysd @lakichidepasd takkeglaot ioandhedh-ch salpetdrisihad dzicmdhbean be
quantitatively expressed by collecting the data while scttinr~ the

al | owabl eabbessstnred angl@r tiachens@wahéeily thdad Hikeedr eagedr ssorid e thban 7
do<~rec;. BRI EF DESCRI PTION OF THE DRAWNGS Fi<,. 1 is a diagram of hack

pol es of argeyshat hiingithehicaomiuet diffrddduieinthetsh@plQ According to the EBSP

method, the Kikuchi image reflected on the detector screen is analyzed to find the
25  crystalline azimuth of the sample.

Fig. 3 illustrates a crystalline semiconducror film 302 of a polyerystalline

—~



10 aEC 2004 invention found by the EBSP nethod; Fig. 2 is @m@%ﬁ#
illustrating the constitution of an EBSP device of the pre I nventi on;
Fig. 3is a diagramillustrating the concept of neasuring a sanple by the
EBSP 5 of the pr e?ent invention; Figs. 4A and 4B are di agrans of back pol es
obt ai ned f ¥&ws FelEDoE amt substrars 80 br dbemrystalisasemivondugror$iling3 . lasagr am
illustrating shearing angles fromthe { 101 } orientation of the present

i nvent i on; PEGeqRigite 60 jtdap cafhgrasmilineurattatd toeree bis acdi@réroncivetallie: < 10l
> azimuth of crystalline particles preferentially oriented near ( 101 } of
t he presendziPwifantpen refmagng (mappbidrhe diiagrhakanalysistlrikt iinging anetshooh of
formng a crystalline sem conductor film of Enbodinent 1; Figs. 8A and 8B
are di agr anisthy baspleavhery denelepiodn dicao fallsnght et rofsted| doi de aFstalline

sem conductor filmof Enbodinment 2; Figs. 9A-9C are diagranms illustrating a
met hod of #@mpicthgr theheeyerariphrendemizamtdeioncefiingriof pEroginelet e Fi gs.
10A-1CC are diagrans illustrating a nethod of form:ng the crystalline

sem conducthdekidsk af dfe iBrisledi mentron;beatn B3-garids depandind Bar shediypgparts
illustrating a step of fabricati n& a sem conduct or device of Enmbodinment -~;
Figs. 1 zZ~slecuoc auneolitaysameing tlestroat inmgoscopee plrofhe edsei afathierigitdie.y
sem conduct or devi ce of the present invention; Fig. 13 shows SIMS data
expr essi ngele;triv-agld c@isom elat ratigonsamtles moplbes nbyf :2 veustimgasditHio 20, and
| -1- gases of the present invention;

can be projected. In the mapping, more highly averaged data of crystal orientation

10 are obtained with an increase in the number of the measuring points or with an

increase in the area of the measured region. In practice, about 10000 points (a gap

of 1 um) 1o abour 40000 points (0.5 wm) are measured over a region of 100 x 100

um®. Reference numeral 304 indicates a backscarrered electron.

When the crystalline azimuths of the crystalline particles are all found by

15 mapping, the state of crystal orientation for the film can be expressed in a statistic
manner. Fig. 4A is a diagram illustrating back poles found by the EBSP method.
The diagram of the back poles is frequently used for displaying the preferential
orientation of a polycrystalline substance and collectively represents which latrice
plane a particular plane (surface of the film, here) of the sample is in agreement

20 with.

A fan-shaped frame of Fig. 4A is usually called a standard triangle in which arc
included all indexes of the cubic crystal system. The length in this diagram
corresponds to an angle in the crystalline azimuth. For example, an angle of 43
degrees is defined by {001} and {101}, an angle of 35.26 degrees is defined by

25 {101} and {111}, and an angle of 34.74 degrees is defined by {111} and {001}

White dotted lines represent ranges of shearing angles of 5 degrees and 10 degrees



Fig. 14 is a graph showi ng Ge concentrati ons of sanples (SGNS‘L aﬁg (SG~1
10) 11 1 Q a~C 200 neasured by SIMs of the present inventio B 5.2035 is
a graph illustrating a relationship between the anount of addition of GeH-
and the d?nsi tg ?i generation of crystalline nuclei of the present

i nventi on;fqﬂilé Ol16A and 16B show X-ray diffraction patterns of sanples
(SN) and (SGNi:O) by the 8 - 28 nethod of the present invention; Fig. 17 is
a di agram of baER/piItesons in waichalgneasugrg PpsuR bl Ky tmenersphigeskslledf t he
present invention; Fig. 18 is a_diagram of back poles of the sanple (SN
found by thENERSPLHE HEPIeE Wéﬂwéléféﬁﬂniiﬁ%rmapaﬁf; [twilEpydearnghthmehar e
diagrams illustrating the steps of fabricating TFTs of a CMOS structure of
Enbodi mentlegsitys gsgh pgatbopoiatd LH] Aghiantd showsthe spnaen exEepPEgIchponts

el ectronic devices of Enbodinent 8; Figs. 21A-21C are diagrans illustrating
exanpl &s GFING|COELPiResd eMrase grothevalmefainmagimug: dpgeutigp Argpnaped
diagrans i) lustrating au exanpl e of roj ector of ‘Enbodi nent 8; Figs.

a
23A- 23E artke gpagrrarmiian (dessicaol agings aekigotiAdis feoresentpdabica gemiur line n
sem conductor film of Enbodinent 8, 7?0 Fig. 21Ais a graph illustrating the
concent r atRorgsovhestr alraglemearienimsigsuiserrepymTkRAHE Totthe RBa¢ BN oRIX- I ay
Fl uorescene Spectroscopy) before and after thv Bettering treatnent and Fig.
24B os a dampifgatonsiadivdiangitss prsagued thahierustalliine particles are oriented in

a quite orderless manner, i.e., when the points are evenly distributed in the standard

10 reriangle, and are the values without dimension.
When it is learned that the crystalline particles are preferentially oriented to
a particular index (here, {101}), the ratio of the number of crystalline particles
collected near the index is indicated by a numerical value, so that the degree of
preferential orientation can be easily imagined. In the diagram of back poles shown
15 inFig. 4A, for example, the ratio of the number of points present in a range between
a shearing angle of 5 degrees and a shearing angle ot 10 degrees from {101}
(indicated by white dotted lines in the drawing) to the total number of the points
can be expressed as a ratio of orientation in compliance with the tollowing

formula.

20 {Formula 1]
{101} Ratio of orientation
= number of measured points within an allowable angle between the lactice

plane {101} and the film surface / total number of the measured poines

This ratio can be explained in a manner as described below. When the




TXRF of Enbodi nent 7. DESCRI PTI ON OF THE PREFERRED ENBCDIiEhEE 12 10 ~~c
zoos [ Enbodi nent Mode] This invention has a feature in th E mﬁast alline
sem conductor filmused as the channel-formng region of a TFT is the one
containing, as a main conponent, silicon which is highly oriented on the {
101 } Lat{isgébusioanis coneewiraicdgaas {405} e pn Eiedtatthy endimbldi perricléson a
obtaining the crystalline sem conductor film a netal elenent is introduced
into the watfimedage aarnzanotipol3l s evidyndaptolicdlit m fler mbdirhye & shloasma CVD
met hod or a | ow pressure CVD nethod-1;; using a gas of a hydride, a
fluoride ior Fig. chibotiate ofpesidd corbeatorsgahdeger fanivamdatbasaboror ddre t o
assist the crystallization of the anorphous sem conductor film and a

cryst al | i sivblseniueontdot onglf iof fursiatonmed sbyia hed Heatees nedtl fehiurdy,
utilizing the netal elenment. As the substrate for formng the crystalline
seni copduatdrthe itapio phehescamabler shanathiege usdaesanrcalnkaldrichtigee ghrassd.
substrate such as an alum na borosilicate glass or -bariumborosilicate

gl ass. TyRefesdrog nuanetz2060! gldiswesubsdistate O, actsalldte ghassndypctsubbhr at e of
Coning Co. is used. There can be further used a quartz substrare or a
sapphi r e lsubigt 5 doeexdnplearhd asmal i<nk I HAD why cbenfaryseldinepat fiecsumdace of
a sem conductor substrate of silicon, germanium gallium or arsenic to use
it as a sinbbtdediimanWewableaanpovics digass Hilistianeludsd irsaadallowbblockigry | ayer
of silicon nitride, 20 silicon oxide or silicon nitride oxide is forned

bet ween tdfe Cabagreasdl4. danhe dadugipenrihi laregnbe hhewgblaskemitgsingteare Toi s
prevent, inpurity elenments such as alkali netal elenents contained in the
gl assi8ubst bateddgre¢shand filludegrged at deddnibed exbocondud trhe rhiibrol &Ggsaikanyl e,
SiHt, NH3 and N, arc used as reaction gases in the plasma CVD nethod to
form a sipdrcoles natisfyithg thisl imexressedi HefereNcOnand:rNH aireli@M sadfas afeact i on
eases to forma silicon niwide oxide film The hlockiny |ayer a forned

mai nt ai nifilgy;dX2higenmssliodla2lint of 2@fhaem 13 10 0~~ 2004 The anor phous
sem conductor filmis fornmed on the substrate by the plasma CVD net hod, |ow
pressure CVD Imahboihgamby lank poldsehosuiihdd. € Avehbodrie Whene {81 p) aking CVD
nmethod is applied) the reaction gas of SiH and GeH~ or the reaction gas of
CeH~ di | utred{@0 1} BidHhaothddplans addaed appdaisnisrrbdubearihnieluchecpaseact i on
chanber and is deconposed by a high-frequency electric discharge of 1 to
200 Mz teldeposi {1@N.arerghkabsasspeghducthof LTl Macomdshi® dedasty, atien, The
reaction gas may contain Si,Hbo or SiF~ instead of SiH-, or tn,: y ; ontain
CeF~ i nstgdd jofle@bhd.. EHren vhemddef|ouwphiesstrceys@iDnaeiziaddi $s endicoyed, a
simlar reaction gas may be used. Preferably, the reaction gas is diluted
W th He, dnermamednby ptiausBSP,sebreoneuchoralfovabld shdepesi dgde omushehe
substrate at a tenperature of 400 to QOOC. In any way, the gas used in this
i nvent i onddesrrtiined doecidhalsdaflidu [ghtiylepuiifiredigabdedrieastudingcclangents at i ons
of inpurity elenments such as oxygen, nitrogen, carbon that may be trapped
by the anorpheuso sefidenductiodedds! Mhthatsens irdepesisted: Jikevamdrnphous:

sem conductor filmthat is deposited has a thickness in a range of from 1~
20 t0200Gafam of lhastanes pheus AR panedied ofichdednhus partiduldMismiuely @ahi tlan
contains silicon as a main conponent and germani umin an anount of not

smal | er- thamcRadvél eRpessdd ButolRotinl ahgdiatian: Leiat dn gl (e eherabl y, not
smaller than L atomic ,0 but nut larger than 5 atomc % . The content of
ger mani unrgdnidiee adipllst gthy B Médr@ed@oinaller than 5 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

Fia. 1 is a diagram of back poles of a crvstatline semiconducror film of the

10



20 the mxing ratio of SiH4 and GeH used as typical reaction _~=asps- The
anor phous sem conductor contains nitrogen and carbon at cond §nDEE P804s of
smal ler than ~ 10'S/cm and oxygen at a concentration of smaller than 1 x
10°9/cm, so that the anorphous sem conductor filmw |l not be adversely
affected ilﬁv?‘hféo%lf@ﬁlcbgy s/ sPalmetdiodon and that electric properties of the
crystal line senucunductur filmthat 3~ is fornmed will not be adversely
affectcd. A met&l Zdp endierans ilwttrasing g cangimmenselr faddYt denisetdfudhe
t<n-med ,tnunplnus 14 a arc 200 sem conductor filmto assist the

cryst al | i ZAE{HN WBYCRHBE L anor phous semi conductor film There can be used one
or nore kinds of netal elenents selected fromiron (Fe), nickel (N))
cobalt (Co), rlighekauhiagrm illustieodng hy®nceppal MadiwamgRamplo SricherERSS) |
iridium(lr), platinum (Pt), copper (Cu) and gold (Au). These netal 5

el ements @4RhpETesERE TGRS St | ng the crystallization of the anorphous
sem conductor filmin any one of the inventions disclosed in this

speci fi cat i on.Fighé sanstaw degramsef back peanolyeinsistfeometic BRpSEsiangolthey one
of the above netal elenments. Typically) however, nickel is used. The

porti ons iPAEEARCHItHE nmetal el enents are introduced may be the whole 10
surface of the anprphous sem conductor film slit-like surfaces or dot-like
surfaces at sdiig-abise girawes ilbruptagshesnee angles fromarhr pHOUsosSentaciondefct or
film In the former case, the place nmay be either the surface on the
substratefbif@éesﬁﬂtlm@némphous sem conductor filmor the surface on the
side opposite to the substrate. In the latter case, an insulating filmis
pref erdbl y fortgdodn at AiegeamriPhetaring the fiucomtipet or the |10 hrdatime thretfal

el enent is introduced through openings formed in the insulating film There
i s no par trstdltine Ipaniclas peofcrontinheostredoticar Hd0bpenidhg sresbut invisatinhdt h nay
be 10 to 40 fcm The length in the lengthwi se direction may be arbitrarily
det ermi ned t o higs, &&y/D farondisgmersallluseasingfa mwethod. of domeiner alcryenalinef
centineters. 20 There is no particular limtation on the method of

i ntroduci sgmideeskicet Ein of Brmbotlanamdl;any nmet hod can be enpl oyed provided it
forms a netal filmon the surface of the anorphous sem conductor filmor

i nsi de t her eoftigsTRér @t &R dne dexgpiroy 8lisuhong exaeyblod, offputirer iheg rmet hiod,
vaporization net hod, plasma processing nethod (inclusive of plasma CVD

met hod)3, adworprivemmEthotEwbodimetthbd of 25 applying a solution of a netal
silt. The plasma processing nethod a utilizes the netal elenent sputtered
from a cat hodéigsn %\ -Glowd sgang élarrmosghe meebbdan foneitg ghs .crysalline

semiconductor film of Embodiment 3;
Figs. 10A-10C are Jiagrams illustrating a method of forming the crystalline
semiconductor film of Embodiment 4;
20 Figs. 1lA and 11B are diagrams illustrating a step of fabricating a
semiconductor device of Embodiment 5;
Figs. 12A-12C are diagrams illustrating a step of fabricating the semiconductor
device of the present invention;

Fig. 13 shows SIMS data expressing C, N and O concentrations of samples by

t~2
L

using SiH,, GeH, and H. cases of the present invention;

Fig. 14 s a graph showing Ge concentrations of samples (SGN5S) and (SGN10)
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~ 0 O-e 200 The nethod of applying a solution of a netal sah)ltg bé usef ul
since it is easy facilitating the adjustnent of concentrati gtm%met al
element. As the netal salt, there can be used various salts. As the
solvent, there can be used water, alcohols, aldehydes, ethers or any other
organic somgasitred by AMy ot theepssestt geeronnd t he or gani ¢ sol vents. Further,
the solution is not necessarily the one in which the netal salt is )

conpl etel y di skigl Veis adrepkilluspiaringmyre sionsbipdwawien v ahopar of widighiope of
the netal salt is present in the state of a suspension. Wi chever nethod is
enpl oyed, ¢hE.matdaheaicanenel gandrptien gl cpdtdbingudespetheatcamttihecsinf.ace or
i nsi de of the anorphous sem conductor film 10 After the nmetal elenment is

i ntroduced by &gy ofd t168 sl eXwey kbdmctivhepaonphdusingded ¢oductdor
filmis crystallized by utilizing the netal elenment. The crystallization is
ef fect ed bleWhdOhbutthe PeatPromtrhodof thepiaserudingendanmi t h an i ntense |i ght
such as Laser beam ultraviolet ray or infrared ray. The heat treatnent
only is enoughfigod 7 dbnadingrg hdack polesl of the sinkple oM fonnwhbye ih¢ £BSP
preferentially oriented in 1~ { 101 }. Preferably, however, the heat

treat nent ingtledd etthedorasnt inhemjoran i ntense Light such as {aser beamis
projected. The Laser treatnent after the heat treatnent repairs and

ext i ngui shes cFigstdalis dediegtasn loébrck poldseofcthgstaalple néMNafaurel by thakdShs
effective in ir:kprovi ng the quality of the crystals that are formed. The
heat treatmerhoccanttsepresmdusyeadiover a range of -1~0 to 1000C. The 20 upper
limt of tenperature is considered as an upper limt of tenperature which

t he sub8trat e Figat194- Iedrcdimgwinnh dlsnarinBoheestappbé falaiquagr TFSubdtr at e
can withstand the heat treatnent at 1000C. When the gl ass substrate is
used, howeudtOStshicoppert Hmbddinghittbenper at ure nust not be hi gher than a
distortion point thereof Wen, for exanple, the glass substrate has a

di stortion poilhgs.ol0B86XE atheliagpms illusmatimghoxhdples bd dettronichéeateosxnt 660C.
The required tine is suitably set dependi ng upon the heating= tenperature
and the subséqgdiemtntd;eating conditions (c.g., whether the 16 ~ ~ o~~ zoo0s
treatnent is effected being irradiated with a Laser beam. Suitably,
however, the Hegt 2reatlfente idagromdibtaedithig BsOnples 6H0def wont dovidsd hour s.
Wien the Laser treatnent follows, the heat treatnent is conducted at 500 to
550C f 67 4Embo8inhaur&. The heat treatnment may be conducted in the air or in
- a hydrogen atnosphere. 5 Preferably, however, the heat treatnent is

conduct ed i n nfits.odeA-diDi areanliagrent dascratinspheramplbeof aserojeceat oent i s
effected by using; as a source of |ight, an excinmer |aser of a wavel ength
of short erEmbadin&@® Sym or second harnoni cs (wavel ength of 532 nm to
fourth harnonics (wavel ength of 266 nm of YAG or YVO, |aser. The |aser 10
beam i s focusegs.ntPAaIE are diagaarspdtustdatioggh nanhogptaitcarmsys emyanéinics
projected with an energy density of 100 to 700 miJ/cnr; i.e., the focused

| aser beamescamsdudier filredéEatbudrednt 8gi on of the substrate to execute the
processing. It is further allowable to use, instead of -the | aser, a hal ogen
| anp, 20 xenon FianptA & amnphiljusk@npgohe aometratachalsiod evdialrgde iasna nseuncel of
Light. 15 The nmechani sm of formng the crystalline sem conductor film

havi ng a hiyghKRO(Tenl &dtptamne X{ raAldoakcdhd Spéamendponbdihroughatcbedabove
steps, has not yet been clarified bur is estimated to be as descri bed

bel ow. Fi rgdcteridverreaysdral ddzBisi 04Bis aedibgamnedxplpitihe aheabsrireatwentd at 400
to QUOC whereby the netal elenent reacts with silicon to forma silicide
whi ch ser VEXRdsofZOnboystaldd.ne nucl ei that contribute to growi ng the
crystals. For exanple, when nicke( is used as a representative netal

el enent, there is forned a nickel silicidc (hereinafter witten as NiSi,).
The structure of NiSi, is that of fluorite in which a nickel atomis
arranged between tDESTIRIFKAONADFE IIdeE REERITGR BDaE0It O B MENTBe. When t he

ni ckel atons are renoved from N Si" there remains the crystalline ZS
structure of silicon. It has been known from extensive experinmental results
that the nickel atonms m,7rate toward the side of anorphous silicon
prusumahly due to that 17 ~ n ~c 2aa~~
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the degree of solid solution in the anorphous silicon is higher than that
inthe crystalline silicon. Therefore, there can be establji%m a0gpdel in
whi ch nickel forms crystalline silicon while mgrating in the anorphous
silicon. y Si :q(i'_s not particularly oriented. Wen the anorphous

seni condudt8ib “l“ﬁﬂBI"F%g“]a t hi ckness of 20 to 100 nm however) the N Si, is
permtted to grow only in a direction in parallel with the surface of the
substrare. | ngm‘riS gveasien hasa ferfargip that thecmallineseméepitche tomitler tmdeaiswher e
the NI S: _ fo S in contact with the_[p_l ane ( 11 L ) of crystalline silicon.
Ther ef or e,in¢ REapNenerPRGEN ef a WHlhs the osacpaweniof, ahenviy staipbinet,
silicon filmis a pl ane.t(}(lllo)_and this lattice plane is preferentially

ori ent ed. SWseR whidhe dighdetdremeet agr o H 16 ) cleyidecabhnics iArcpatiakl el awi t h
the surface of the substrate, and the crystals _grow |ike poles, there

exi st s X hécIégrative cmpeddaeni far ehiainiog thd ongpllidicsevidood upicr filmempuile- | i ke
crystal as an axis, and the plane (110) is not necessarily oriented. It is
t her ef or e ckopenesgodivat ptchdie susipcs okarptapashaveyepieeiduictatfdm formoed der t o
enhance the orientation of the lattice plane { 10I of the crystalline LS
seni condu®¥at Ptashg CMIP suevhwshei erlowagresone f&VEY nmehind- fonsiopnt gasndhg
germani um at a concentration of 0.1 to 10 atom c % as nmeans for inposing

i ni tati omverderefluprideor oghbfrideortzilicon aspmshedmsrmahie acmys trabsleand f or
decreasing the degree of freedom First, it has been observed that the
density ofsdigrimatrosrallizadey sif ahriameombobesenoddoreasds, wineha geysnahinem i s
contained in the anorphous silicon at a concentration of 0.1 to 10 atomc
% Fi d0 1semitonducing fibsulst et dof twhdreinraamedensi tyilomecrlystatidlne a
nucl ei decreases with an increase in the anount of GeHtadded at the tine of
f ormi ng t kkenarsr phous silicon film i.e., decreases with an increase in the
concentration of germaniumtrapped by the anorphous silicon film Wen

Ni Si, ?5 that Asstha sobytsaalfbi frermug Heusryssdlfrer swedeondudrsr Gmsihder edh bhat t he
crystals arc ,~rowi m~- while expelling germaniumdue to a difference inth v
i ntrrat onbeitabilyuagt en aligili-free glass-eul200 thewdr o ayhlymigereniilkms efpsegat es on
the outer side of the pole-like crystals and it is considered that its
presence Hetnwabesstletd ghedomyipicallye ad# 785 igbass olibswiat don #il TH7 tohes

pol e-Li ke crystals as axes. As a result, it becones possible to obtain a
cryst dbl i pebssent odhemarolof isluretalitrg: aambgfilyher iedteguptandsfratléa 5
Next, described belowis a relationship between the conditions of formation
and the osdmhtiat sdmteie.cryst ab snothseny étmbyay He EBSRAmhhde usixg dthe
crystalline sem conductor filmfornmed according to the invention described
above. Tabtreicondhows subetreendi tilioms deomahommi gedlituhe oampseplious use i onduct or
filmby the plasma CVD net hod. The hi gh-frequency electric power is 0.35
Wenr (27siziatehi ch 10 is nodul ated into a pul se discharge of a recurring
frequency of 10 kHz (duty: ratio of 30% and is fed to the cathode of the
pl asma CVD deW ben ohe tabevé Ightss pliatrentt yp esedahkblockormipre congdlit onstridec! ude a
reaction pressure of 33a5 Pa, a substrate tenperature of 300C and a

di st anfe hdétorenxeleectr odiesnomiBdilecnmxideTabl ®riells h20wédre nBEN3ONGENDAs SGNp
SNSiH tlow rate[scan] 70 90 y5 LO0GeH, (H, base 10% tlow rare[seen]30 |0 ~RF
power [ W cremicOnd8ceeullseadd eheudnswslikidzd e O This prevButvip¥h 34y clements such

, Pressure(Pal 33. 25Substrate tenp (Tsub)(C] 300 '- -Ga between el ectrodes

(G?. P) [ mma8plkali-meral dlemendearorttainelangéet diesscmbtente 06 mgeifimimiouinis ehat | ve
to silicon, the mxing 25 ratio of the flowrate of GeH4 gas diluted into
10i 0 wi t hs@hidpndndudd filins hangedle,rbibl, MRirhermnd Natrd hedtotiehcdibowskatie is
constant. finder the conditions descrihcd in Table 1, the flow rate of GeH,
di | uted i ctoplifhe QW Dhmbthddsodhan-ssilaonmidie Alth.abd, SiH,, N,O and NH; are

25 used as reaction gases to form a silicon nitride oxide film. The blocking laver is

formed maintaining a thickness ot 20 to 200 nm.

13



19 1 Qn~~ 2604 5 scan under the filmformng conditi ongf%%% ﬁffGNlO
and #SCGNS. The SiH~ has a purity of not Lower than 99. 99999 &l

contains nitrogen anti hydrocarbon conpounds in anmounts of not |arger than
L ppm and CO,T'bn an ag‘ﬁunt of not |arger tthan Z ppm glo Get4 s added under
the condi t i onT ASRAEDIAE THERAQLGIOB T flRRSHSHON SYBHFEGHEUBESTNTA m t hat
i s deposi is set to be ~0 or all sanples., The contents of nitrogen)
car bon an@%?&éﬁ"‘i&ﬁt‘hﬁ”ﬁéﬂlr? m@é%%ﬁﬁ%sﬁ%}%bﬁa bliometlgn ¥liared
under such conditi are, neasured by .the secondary. ionic mas o
spectr onet K @a?ﬁt}? h@% §FW§;§E IR 43" diolheCHAB %éﬁl%‘&t%&f@ﬁ%% AUsanpl es
used for the . neasur have .fil s, Lam nated on,the silicpn substrate in
order of WANICBASNS! Crbengoduil ik ATy ReQblerk fing SFHKG dBRUTES ons,

t he contents of Hitrogen and car bon Sre sr&al | er tharl 5 x 10"~cm and the
content oaERYYEHIMEEARY Fefecompesed Ry ahighrhsausne ¢rusicriichaecfor Bhous
sem cond 0 ilms are crystalljzed by using h nickel  as nmet al _el enent

t hr ough ﬁ@ ﬁ-‘r’é-'fa['@ 1O AERATENAL HNAUPHEUF SCIHIGINANERB Nl ﬁ&sﬁ]ﬁ‘e?@sfféléeﬂ Yurs and

through the | aser treatnent. N ckel _was added by using an aqueous so] ution
cont ai ni NGaATERERS ‘&é“éﬁ@?‘é‘“&fsbﬁe %6%&9?%? QEgé_E‘P QBnﬁiﬁﬁpéF?dng%? aB}fF‘V}‘Jng it

using a spi r..The | ase ireat ment conducted hs. using, an XeCl
exci ner |%fjs@&3(-m%‘o%} @k%@f\ﬁﬁ% 0\@9@8%@@@ E)dBF ingMPHey ety 7 SATRITeRE e nr y
density to be 20 30 %g f?eo ml/cm, and at 3 Oéelﬂ aﬁ%i ng ratio of 90 to
O~, u. Thel¥ H3B7D st rapterally dhe EeREHTF & i 13&? itk s, gd pe apkEphetal | i zcd
porticos of the filmgsubjected to tge crystal lization through the heat
treat h%ntseaﬁaorﬂw%ﬁgn 1§ frpostied epttae FRbLEe g 9§@Iap¢ﬁaﬁlérepéﬂ1%pépé§9 fects
- remaini ng{ in the crystalline sem conductor fLI m can be effectively 2~
decr easedhyn¥ F@vhikie gasaved ilorihisr WyeREAR i she srcathntre dugldn parifigd to

concentration of about 0.0l to 1 atomc /,. The hytiro~~enation can he
ef f ect ed HErease thegenegntrations of impurity elements such as oxveen, nitrogen, carbon

that may be trapped by the amorphous semiconductor film that is deposited. The

amorphous semiconductor film that is deposited has a thickness in a range of from

15 20 to 100 nm.
The amorphous semiconductor film used in this invention contains silicon as

a main component and germanium in an amount of not smaller than 0.1 atomic %

but not larger than 10 atomic % (preferably, not smaller than [ atomic % but not

larger than 5 atomic %). The content of germanium can be adjusted relying upon

20 the mixing ratio of SiH, and GeH, used as typical reaction gases. The amorphous
- semiconductor contains nitrogen and carbon at concentrations of smaller than 5 x
10%/cm’® and oxyeen at a concentration of smaller than 1 x 10%/cm’, so that the
amorphous semiconductor film will not be adversely atfected in the swep of

crystallization and that electric properties of the crystalline semiconductor tilm that

is tormed will not be adversely atfecred.

i
L

A metal clement is introduced into the surtace of the thus formed amorphous
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0 0~C ~00~ treatnent at 350 to 500C in an atnosphere contaig& ydr ogen.

It is also possible to effect the hydrogenation by using hj gg@ﬂZﬂ&knEd by
pl asma. The filmforned by the deposition of a fluoride such as SiF~ or
GeF~ permits fluorine to remain in the filmat a concentration of 0.001 to
1 atomi c %miccsoiveenmsalne 6 assisthdedafygetlzatidn kit ghe nsipbwss steicoeslutte of
evaluatin% t he gernaniun1concentration of the thus crystallized #SGN 10 and
#SGN30 by flim; ~TBeMScaiThe usahbenbr efogdrimdndiimetdrelsiknoowrldcsed fonatroni ¢ %
irr #SGN10 and is 11.0 atomc % in #SG\N30. When cal cul ated fromthe fl ow
rate rati dFof, rGekid el) atobdt {Cosi tthe genmdRupmlicslismagied paHadhen f{Plim at a
ratio 3 to 4 tines as large as silicon. This is because, GeH, is 10
deconposedstmyunH&sy) ioiwibharlgennegiic),icogpenérgyarshmiltl dAu) hdihethmcerder gy
required for the SiH,. It is therefore considered that #SGNS cont ai ns

ger manisumeltmensongenbe atisah fof aBoungl tBe atoniadlifrioRi guf 16e showsplicha
results of nmeasurenent of a diffraction peak (220) -of the sane sanple by
the 8 - 28emiichaihctdifdmpealnyposid deninvenddnd8Bclosed rechsauppt éic#Shh 1+ hand
47.417 in the sanple #SGN, indicating a shift in the peak position dmto

t he -addi t semeoindeqmhieffaar Bai diel sbainddhéy cugysd ald, i oe: afitatdbeakentalind by
the EBSP nethod. Fig. 17 is a diagram of back poles of the sanple #SN, and
Fig. 1 isebntkagrdivptfallpabéwpalresicht] sheedanpl e #SGN 10. From t he di agrans
of back poles, it is observed that the plane 20 { 10l } is strongly
oriented in tHfAesgnpbeas #HOWHiOh slome tilrldhents hre imrdchecdanpl te: #8Nvisdiown i n
Fig. 17, on the other hand, orientation is seen on the plane { 101 } and un
a pl an® { sdd}canihy:heiphean séiheoptaner {00]1}iakid: flréacpl andof-likd $drfaks
reference data, further, Fig. 1S is a diagram of back poles of the

crystal | i pe sglthbleoplatdd om frhe madaon oé chglantaphubs thatenbyictdieilheatn trtheat ment

at 600C for 20 hour:. In 2 p this case, it is.observed that the plane {
111} has Kfeemerstasentht yplacer hert led cithablthe Jusfaowsor hige sabsttdrs wdc oficpt ation
ratios of { I O(C; , {001 } , {11 1} and 10 DEC 2pp~ {311 } of the

sanpl es | anrpAdgesamienadtidier g be shofurtdre drathkiseR: @ianes tb thd hdsaurd. ace of
the filmare not Larger than 5 degrees and in a range where the angl es of

the Latti ¢e ghlean@tert st hanswsfidciegofilnt he préfermlbdy gonatd Lar gae dhamphibls
degrees based on the diagram of back poles. In Table Z, #HS is the data

cor r espongémig-on@ubt-fild8 ant nhé¢ Mesal2lsasmpl e indbéudeiahesudBdddniandiofnmdd 1} are
highly oriented, i.e., 18% (not | arger than 10 degrees) and 12% (not Larger

than 10 degrieeskulat@sddsat i Vigdy is hé phhe warphra#SNontthe spkanehd 38di}ingnd
{311} are highly oriented. As for the plane {311}, the nunber of the

equi val enbut dihd Wedrhphapds 10sol4@rger Tihaantiain ok lehhervip! dresidy oay bbe
st andpoi nt of symetry. Wth the polycrystalline substance oriented in a

random LOaflashrion detdimiRéRabl:] 4y f0fn eeauhl angesti fikeases searsleapendi ngl y.
Table Z (%9 15 Sanpl e{101} 1{00l}{111}{3l1 1} 105 i 105105105#SGN\N30 ~7 ~1 ~8Z
173195#SCNIR3herdd] 1031103#SANSZOGL0301Z3#SN 231072153#HS41103126184 I n the
sanpl es #SGN30, #SCGN10, #SG\N5 to which germaniumis added, too, a tendency

i's extyobi t ed, Tigdé ¢ahd Pardc dhai@eakibntdie der hethad koM @bdedinstrtabs: metal
clements and any method can be employed provided it forms a meral film on the
surface of the amorphous semiconductor film or inside thereotf. There can be
employed, for example, sputtering method, vaporization method, plasma processing

method (inclusive of plasma CVD method), adsorption method or a method of

t2
wn

applying a solution of a metal salt. The plasma processing method utilizes the meral

element sputtered from a cathode in a glow-discharge armosphere of an inert gas.
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ZO dependi ng upon the concentration of gernmani um cont ai ne1([j mé}h% film In
the sanpl es #SGN 10 and #SGNS, what draws a particul ar at @ 2004 t hat
the Lattice plane { 101} is strongly oriented conpared with other lattice
planes. In_the sgngl? #SGN 10, the orientation ratio is 31%w thin the
shearing ah§f&shod of gerlyiees wherion oflametghseh ismsehilninee deis cesy. fatihitatires

sanpl e #SOGNS, the orientation ratio is ZO 2 p within the shcarin<~ an,~lc
ur 10 de~-eeslivsimens ogpurariration gbyhecmstal Slashener y hi gh 1 n ~~~ 200
orientation ratios for the lattice plane {101} are not acconplished with

ot her sanpl es £ thpnegiagelimahegraansbaasedaddisns shhs.t he thanplven#SEhR0;an
However, when the content of germaniumin the filmincreases to 11 atomc
% the or i nestivener aiq%wdﬁmahli%émts‘aﬁéwm@d Jnydebreazesic 6/ vEnerefaonieumhat
these results nmean is that there exists a suitable range for the

concent ? at@{oratef 2g@ thaargmic solvanve d urrharheheambrgpiroisscgitdcesarityi tha drer
enhancing the orientation ratio of the plane { 101 1}, and this range of
concent r atinovhich the owmtal saltds ominplessly distolvat oherei®buiiney be yis¢ ahd imehich

sem conductor filmexhibiting a high orientation property on 10 the Lattice
pl ane {10lQart sr vkt akdhenortadshly ibyreaekdi imgrhgest amanif anuspersicaonténichatéon in
a range of from0.1 to 10 atomc % but al so by suppressing the

concent r athed®dss ewplayed, thei e vdelenamd idaridncedbeihg dfspb et onhke sudddeer

than 1 x ' 10'9/cni, preferably, carbon and nitrogen to be smaller than S x
10' S/cm  andneidy génhe amiveplsons deericomhrcedr finl0' 9/ cnB, and by sel ecting the
filmthickness in a 15 range of 20 to 100 nmso as to produce such a-
synergl&tic efhber thehlatetatlht&mmylsis ahgoduad iominamt b thicnataovei medtddenthicn
parallel with the surface of the substrate. The crystalline sem conductor
fi | m havi rignerphogh sonicemdatiorilmatsicoywallichkby atitiziog the angafcléfkn}. dae be
favorably used as the channel -form ng region of TFTs and as the

channel - f crpitaldizaeep oreffaarediby drnheimgepneper ¢ de iofdisherelvahent susweh ZO
as photo-electric conversion |ayer of photo-el ectronotive devices. Next,
descri bed lighirowch 8s ascrdxanpludiretiolabny catifnged Efis blye bsingreambentemysisal | i ne
silicon filmcontaining germanium Figs. 1?A-13C are diagrans illustrating
t he steps esoutzhini claniong oke thissalliny @htowfilm which is preferentially oriented in

15 {101l}. Preterably, however, the heat rreatment is effected and, then, an intense
light such as laser beam is projected. The laser treatment after the heat trearment
repairs and extinguishes crystal defects left in the crystalline particles, and is
effective in improving the quality of the crystals that are formed.

The heat trearment can be conducted over a range of 4350 ro 1000°C. The

20 upper limit of temperature is considered as an upper limit of temperature which the
substrate thatis used can withstand. For example, a quartz substrate can withstand
the heat treatmentac 1000°C. When the glass substrate is used, however, the upper
limit of temperature must not be higher than a distortion point thereof. When, for
example, the glass substrate has a distortion point of 667°C, the upper limit should

25 be set to be abour 660°C. The required time is suitably ser depending upon the

heating temperature and the subsequent treating conditions {c.g.. whether the

-
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In Fig. 12A) a crystalline silicon film 812 contai ning gergeu;i bﬁﬂfor_rred
on 25 a substrate 810. Here, the crystalline silicon film8ZT Q@/ any

one of dune fabricated throygh the steps of the foll ow ng Enbodi nents 1 m
4. To fabricate 23 Q.DEC 2004, TFTs, the substrate is etched to a

pr edet er i Bedmasds eHpced irfashgtgtli winh anlgsdrsbeainvi deditably,havedvanddie Wien
the substrate 810 is a-glass substrate, a blocking Layer 811 is formed. The
i nsul at i nd %t [(FRATSNE & ¢ediicied at §aleoi (R ator dgtef 24 dioiurs. t WeheTFre: land a 5
formed in a thickness of 30 to 200 nm The insulating film813 is a silicon
nitride oxXFersMantivliaymebe heamraitmenandondaisyl ar hEOph 450 VB trdtthods.or i s
a silicon nitride oxide filmfornmed fromTEGCS or N,O In this enbodi nent,
the former lmbeps usarmenesmant: rendertaddn rhe minpnimg aydrhgoknessspdierd0 nm
The insulating film 813 my be formed by a nethod described i n Enbodi nent
5. 10 Ch tlfeferalli hewererf thah@rardasment vegndugedenelisogendeigidinett @i
electrically conducting material containing one or plural kinds of elenents
" sel ected fattwsplagreal um tungsten, titanium al um num and nol ybdenum
Referring, next, to Fig. 12B, inpurity regions 816 are fornmed for formng
source and dr ak e lasep wpatwterttipeff@Ted Phesingpus @ squce gif bigkt, 3b6& xameerflosared by
the 15 ion-eloping nethod. When the TFT is of the n-channel ype, an el enent
of the G aip wdangsbrafebpuet disire4dE ne pr esentdbalyopho dphatesthof a88eni ¢
is added. ~Y' hcn the TFT is of the p-channel tyge, an el ement of the G oup
13 of perital & foabeharmandpy bevataagtibyl Baom)iof Yadded Y Vibeheat flde, lagn
interlayer-insulating film817 is formed by a silicon nitride film20 or a
silico nibernds fastise@ irftdlantineedtyd spgt dpongh ke quitas heys@Wban@ ishodjcc®evithpur i n
el ement that is added nust be heat-treated at 350 to 500C tc>r b eing

act i vat ed.anTérergpatensite at niltt td $0@frikemedi.af tler fodsed der [tayer sdansuhat i n~~
filmS 17 has teen fornmed to rel ease hydrogen contained in the silicon
nitride fipredesermimedheecsin iof ohe miubstirgle X et |the gooassstrg. bée di ffitsed in
the crystalline silicon tiim8 i 2 that contains 25 germaniumthereby to
conpensat elldehbltte usn, inkiead of Btedhidrrehabpé e bmyf, ial venantl impy s negany lamp
Thereafter, source and drain electrodes 818 are fornmed to obtain the Z4 1
D DEC 204 oTRTneFhbabfabmmep of aspitng aféghon formed of the crystalline silicon
filmcontaining germaniumand is highly oriented on the lattice plane {
101} obt ai ned Ty mhehdmvent femingxi biyssllgeodniicteiface!ipt bpeng héscltlp t he
gate-insulating film contains 5 defects at a decreased density on the
crystal | i neicgread plabounddr i eschanidvindon ehtchehahy sibakt istgs phsst el s heand
exhibits an electric-field effect nobility. Though the TFT descri bed above
possessed chrdieddhe-igdesimastdr odtanselest tilse dTFdloway be forned having a

| ow- concentration drain (LDD) structure or having a structure in which the
LDD i s overl apped e ¢dysratjabdorliceffeadd.byThe HEksuwéomnmed hy4dther 5OYEDL i on
can be used 10 as TFTs for fabricating an active matrix liquid crystal

di spl ay desticcebyardd: Hetali dpmayic reacts with siticon to form a silicide which serves as

20 crystalline nuclei that contribute to growing the crystals. For example, when nickel
is used as a representative metal element, there is formed a nickel silicide
(hereinafter written as NiSi,). The structure of NiSi, is that of fluorite in which a
nickel atom is arranged between the silicon latrices of the Jdiamond structure.
When the nickel atoms are removed from NiSi,, there remains the crystalline

25  structure of silicon. It has been known from extensive experimental resules thac the

nickel atoms migrate toward the side of amorphous silicon presumably due to that
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device, and as TFTs for realizing a thin filmintegrated ci,r
substitutes for the LSIs fabricated by using conventional §éﬁﬂﬁghéﬁﬁgor

substrates. [Enbodi nents] The invention will be described in further detai
by wav of Enmbodi ments to 15 which only, however) the invention is ip no way
limited, &8¢ &cHEe Qs %fej%mn@%.m[té%w SlSﬁlc@ﬁemﬁ%%lel@fl TG i dget he
crystalline sem copductor, filmdescribed with reference to Figs. 7A-7D are
the one t KETEKEE GHESD h heyefaicafpsreagarohe Bg‘ftaéégi@r@ga éi“‘-?ﬁé’{tl an "@Pélﬁéﬁé“ﬁnt 0
the whol e surface of the anmorphous silicon film containing ?0 germaniumto
assi st t héoupyeariineatlie whalp IngEHINIRE BYramgT WQL!F.S%.CW-A, first, the

gl ass substrate 70l is the ngfrepreseqéfd by the # 17 73 gl ass suthrate
of Coni ng Co. NORLtHECE DT ISF OFigRIed ub ¥ e Rt @?E‘)E),fplt‘%‘ésr%i“iﬂgmﬁ Gigdflias a

bl ocking [ ayer, 702, a silicon nitride oxide filmby usin;,r SiH and N, O by
the pl ésnﬁlaw@rﬁimw@ ¥ g@@lpﬁ’? mW&V@hith & lépeqn@@e;nm orpe MtoEkiri g

| ayer 702 is fornmed s ha | kali netals 2?p 10 DI G 2a04 contained in the
gl ass sub&fregHan jp Pﬁfﬂﬁét Wﬁiﬁlftﬁﬁ surfact @tI @ﬁé@%mt@ogﬂa Gt 6Rses ﬁl‘%ﬁ%iﬁ'@d e
t hereon. The anorphous silicon fi 03 containing gernmaniumis, formed by
the pl asmameVestas pt@arfﬂfei%hfaé;sla%' rgd-f@ﬁletsm cenist rakhethy a%‘i/(]tﬂé%?
glomfdischargﬁ,S deconpgosi tion ile introdycing the gﬁfm S dilﬁied into
10% wi t h - shrtalbipersiticonni bereferey @mgfﬂlﬂ%lfb% It syeipge peidecodltingns
conply with Table 1. However, the conditions enployed here are those of
4SENS or #SERNTBMGE 2inktd Keld]) el GenBTHTDPEDE HoPEBFEn Y %}t@ﬁo&g henl'i con
film 703 containing germaniumis forned qainxaining a thickness of SO nm
In ordér the dirpeinrel graeth ohtepad ivin noailelguich thewitige BT Hie vRyEak; anilt r ogen
and carbon in the germani um contai ni ng anor phous ?[Ii on film703, use is
made of t ke srysmlygsowmdikentples, phere §xipr therdagentep! raetPOINIbIgWHRNA he
GeHs gas having a purity of not |ower than 99.99% The specifications of
the pl asmiiteviogaijicdeaale dikesrywaltaspraxieant toarenadbby) hast aesasine of 13
liters, a conposite nolecular punp of an evacuation rare of 300 I/sec 15 is
provi ded orienkst. flitisthesefage comsidergd phapodter dai tiso atums gty PIEEWLIBLE-40 m | hr
IS
In order to enhance the orientation of the lattice plane {101} of the crystalline

15  semiconductor film, this invention has conrrived means for containing germanium

at a concentration of 0.1 to 10 atomic % as means for imposing limitation on the

direction of rotation of the pole-like crystals and for decreasing the degree of

treedom.

First, it has been observed that the density of formation of crystalline nuclet

20 decreases when germanium is contained in the amorphous silicon ata concentration
of 0.1 to 10 atomic %. Fig. 15 shows the results thereot wherein the density of
crystalline nuclei decreases with an increase in the amount of GeH, added at the

rime of forming the amorphous silicon film, i.e., decreases with an increase in the

concentration of germanium trapped by the amorphous silicon film. When NiSi,

[
i

that is a crysralline nucleus is formed, it is considered that the crysrals are growing

while expelling germanium due to a ditference in the interaromic distance.
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provided in the second stage, to prevent the vapor of or gaﬁioﬁ @éhﬁ@‘i from
reversely diffusing fromthe side of the exhaust system arfoet ce the

degree of vacuumthat can be reached in the reaction chanber, so that
inmpurity elenments will not be trapped in the filmas nuch as possible while
form ng t hAceprdiptblesTeamwordgiceaics 20 thiclauteRade f Hngpelo-lkic-crysmis aral

ni ckel acetate solution containing nickel at a concentration of 10 ppm

cal cul at edi! srrarkislesed ratdes pmissaise desreapp thedrasylousimtpealisgsitionerf romttcani ¢ a
ni ckel -containing |ayer 704. Hire, in order to inprove conpatibility for
the sol utiwith dheedertkaceysnlst aeaxesr mamauxmsebnttatmpngcsam;&mus opgisid i con
film703 is treated, i.e., a very thin oxide filmis fanned by using an
ozone contwmﬂ@emﬁém@wouﬁlmiwvmcﬂ bisdloxtidecedipland 6l 18 ched with a

m xed sol ution of 26 10 DAD 2004 hydrofluoric acid and hydrogen peroxide
wat er td for mMext slescrshack bedew if alrtlovietsihyp tefiween elat pemditians bl gnnmqimous

sol ution containing ozone to forma verg thin oxide film The silicon
surfaces amsl thedpdptebipo df erystalebbseaand] bhehe EBSPannihegl wimes thd destiling makes
it possible to uniformy apply the nickel acetate solution. 5 Next, heat
treat ment sesiephducted fibh foonad ocordive: otlre myendbeakectilyak dysi. chatlailned in
t he germani um cont ai ni ng anor phous silicon film Then, the crystallization
i s ef f ect ediowys thenduditiong foferngss therasaouphots stmigeodutor filmywhe plashus,
there is fornmed a crystalline sem conductor film 705 as shown in Fig. 7C
Then, in ded¥ér meshodhclbadegh hequanioelodtrorysralis D&t Wdem( £ 4T MHof which
crystalline 10 conponents in the whole volune of the fi Irg and to repair
def ect 0 r dsmiaduletedrintde podsgstisdhiairgreofardductiag frethendvastel) kHedtimgntatics
conducted, i.e., the crystalline sem conductor film705 is irradiated with
a | aser bedmOPoBand\s fes ¢co mhe chdwde dbebnplsmasel Thdwiingohtlwallel @agt typof 308
nmand oscillating at 30 Hz. The | aser beamis focused through an opti cal
syst em i nt@Qu#o0cdronB00coddicions inclddt herdaasen presataent33ls Ps, effubetredt at an
overlapping rate of 90 to 95% Thus, there is obtained a crystalline

seni conductorpetadune 30F708Hownd anlifegce FOwdBrbadiodentot 2P mm.

Table [

15 Item SGN30 | SGN10 | SGN>3 SN
SiH, flow rate [scem] 70 90 95 100
GeH,(H, base 10%) flow rate [sccm] 30 10 3 C
RF power [W/cm®] Q.35 — — —
Pulse frequency [KHz] 10 — — —

20 Duty [%] 30 — —7 —
Pressure {Pa] 33.25 — — —
Substrare temp {Tsub) °C] 300 — 1 = —
{ap between electrodes {GAP) [mm] 35 — [ — —

[n order to change the content of germanium relative to silicon, the mixing
25 ratio of the flow rate of GeH, gas diluted into 10% with SiH, and H, is changed in
a manner that the total flow race is constant. Under the conditions described in

Table 1, the How rate of GeH, diluted into 10% with H, is changed to 30, 10 and
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Ger mani um can be added to the anorphous silicon film not opﬁyﬁggmg met hod
of formng the film by using gases containing elenents as rep d by ZO
Si H~ and GeH~ by the plasma CVD nethod but also by a nethod of adding’ '

germani um by the ion injection nmethod or the ion-doping nmethod (or is also
call ed pla% ﬁ@lﬂ@mﬁngtm%ihm@rmmaomﬁtéomﬁﬁ@%i& #APONIGhatd F(hlas- blden
formed. In the .plasma CVD nethod, .GeH, is greferenti ally deconposed with
the same hbigh fasequeneyobhectave phone?? 8829 %o and didH eremeens nittdgen and
di ssoci ation cner~,y between Sil-1~ ?~ and Gel-li. In this case, unless the
filmform hglroomtion enspaweispresineeings cbmot dhtged than | pomDEGI 2004 isuoh as
enpl oyi ng pul se discharge, a cluster of germaniumis forned in the
anor phous sihbigonf fipt largakilag 3 ppai. f Nocut tH, tscadihidf wrdrirythdicopditsen garidani um
Figs. 8A and 8B are diagrans illustrating the steps of addi ng germani um by
t he ion5i nibethichnestohoae anotileuscemdupidvg tardilhodhat IsnlepgiredBidsetarodiearki ng
| ayer 702 is 5 forned on a glass substrate 701 in the sanme nmanner as in
Enbodi mentnih, foanl sampsayor phous silicon film 708 is forned thereon
mai ntai ning a thickness of 50 nm GCernmaniumions are obtained by
deconposi ng GeH4¢ canteras f injregtre d-airimo ahexygon ghousns] n clon afiidrphats an
accel eration voltage of 30 to 100 keV. The anount of addition of gernmanium
is from 0.stnticoduabofime fesmed unter swrh corjdidonoarereeisoded by one sdvendary
i on-dopi ng net hod, the amount of addition of germaniumis correctly
cont rol | ediochyc oot rspetirogettie mobetletHMon Vogt dgehand theeraobagdicrdddon
i njecting germani um having a mass Larger than that of silicon, fine
cryst alld i neamplek esedfoe shatmdasurtehe: ramarp fibus lashinia cahordt thasibee sdstmoyed
making it possible to obtain an anorphous sem conductor filmwhich is nore
f avor abl e omlef of #iSh #BENT, yE3@GN it dJd8esdhviabashutihofomiinmnecofibirgnst Here i s
formed an anorphous silicon film710 to which germaniumis added as shown
in Fig. 8Borkbetedftiangemand ckelorame shatler sbhubtioh0ant’aimi dg ddhpnpoi of
ni ckel on the basis of weight is applied by using a spinner to forma
ni ckel com@gahmgsmalyﬁrthﬁﬁéﬂ.x'[ﬂié’mm{)he sane steps as those of Enbodi ment 1
are effected

The thus formed amorphous semiconductor films are crystallized by using

15 nickel as a metal element through the heat treatment at 530°C in a nitrogen
atmosphere for 4 hours and through the laser treatment. Nickel was added by using
an aqueous solution conraining nickel acetate at a concentration of 10 ppm and by
applying it using a spinner. The laser treatment was conducted by using an XeCl
excimer laser (wavelength of 308 nm), adjusting the irradiation energy density to bg

20 300 to 600 m]/em’, and at an overlapping ratio of 90 to 95%. The laser trearment

is effected for crystallizing the uncrystallized portions of the tilm subjected to the

crystallization through the hear trearment and for repairing defects in the erystalline
particies.
Defects remaining in the crystalline semiconductor filim can be effectively

decreased by the hvdrogenation treatment to contain hvdrogen at a concentration

[
L

of abour 0.01 to 1 atomic %. The hydrogenation can be etfected by the hear
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20 to obtain a crystalline sem conductor film 707 as shownjig. [}?ngm[)_ :
[ Embodi ment 3] Described below with reference to Figs. 9A-9C i'sa hod of
selectively formng the netal elenment that assists the crystallization of
t he anor phous sem conductor film In Fig. 9A, a substrate 720 is the
above- ment fromeaerit-dtd > t@508Ub st amtenosphichecaquairtise bubstemat e is ANepossibd: gl ass
substrate is used, a Modcking | ayer y ~ 0 DEC 2004 is forned in the sane
manner as faeffErbobié heditogtnaion hyosiplgdysiregdn fooned bl pldZaih. cbing Almifmgned
germani um may be forned by the plasma CVD nethod |ike in Enbodi ment 1, or
ger mani um besheb® positioodv edbidoidetsheh ino Bifi, mjr €&1H, pormiet fadiar cdoynidie in che
i on-doping nethod as in Enbodinent Z. It is 5 also allowable to enploy a
met hod of filor maticonchyrageonpOH0ngoS atdmial cCebmpahsac femberdifente of 450
to 500C by the | ow pressure CVD nethod. Then, a silicon oxide film722 is
formed bmi nt ai higng4 ahowi ckaessilofof ByQluaningntht e randiuph ousc&itkdwanof tham 721
contai ni ng germani um Though there is no particular-limtation on the
nmet hod of thesmirysgaltixel FI9GN 00 a0 i#BCGN IOy tHeeSIMS.i Tha cdfrcaxiod gefiduhs
formed by, for exanple, mxing a tetraethyl orthosilicate (TECS) and O=
t oget her afnd silicdaris B Heamarndi% i FSSOGN 18 arehistliloh apnessane H8GREPaY [an
substrate tenperature of 300 to 400C, discharging at a high frequency (
13. 56 Miz)candasnl febeateifovpowe rade ns Cef abl0ive 1t $il,,SeWhatum Nesthppah
opening portion 723 is fornmed in the silicon oxide film72Z, arid a 15
ni ckel aceihatte Sbh utizomraodtwi fichged & ppge of stlickel Ton thecaigleHasi s is
applied. Then, a nickel-containing |ayer 724 is formed and cones in contact
W} t hht he gdrovarpased bprieailow dgchatpepbouisingicht @gRnfallk mhdztheBneny Yedigedot t om
of the '

for the SiH,. It is therefore considered that #SGN5 contains germanium at a

concentration of about 1.0 atomic %.

Fig. 16 shows the results of measurement of a diffraction peak (220) of the

same sample by the 0 - 20 method. The peak position is 47.466 in rhe sample #SN
15 and 47.417 in the sample #SGN, indicating a shift in the peak position due to the
addition of germaniun.

Details of the crystalline azimuth are found by the EBSP method. Fig. [7isa
diagram of back poles of the sample #SN, and Fig. 1 is a diagram of back poles of
the sample #SGN10. From the diagrams of back poles, it is observed that the plane

20 {1017} is stwongly ortented in the sample #SGNI10 shown in Fig. 1. [n the sample
#S5N shown in Fig. 17, on the other hand, orientation is seen on the plane {101}
and on a plane {311} midway between the plane {001} and the plane {111}. As
reterence dara, further, Fig. 18 is a diagram of back poles of the crystalline silicon
film formed on a quartz substrate by the heat treatment at 600°C for 20 hours. In

this case, it is observed that the plane {111} has been strongly oriented.

S
(W

Table 2 shows che results of orientation ratios of {101}, {001}, {111} and
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opening portion 723. The crystallization is effected by the heat treat rrent
at a tenperature of Q00 20 to 650C for 4 to 24 hours, e.g.,1} tDEEO@ or
hours. In this-caw, the crystallization takes place first at a portion of

t he anorphous silicon filmw th which nickel is brought in contact and,

t hen, spredtlbsl i of thedamebisiion ringpahatel bk angleh of the: Istitdeaden@frotthessidhst r at e,
The thus fornmed crystalline silicon film725 is constituted by a collection
of rod-1|ikef dr Weedrenbi keger ytetrab slegems laindriyist adngegh Bvdenghel dhdespdl tliccul ar
?5 -direction if viewed macroscopically. Thereafrer) the silicon oxide film
r?_' i, reoowedplhocobt dicnsurfiec of yiss élnh breensi lhionhdi [ NIEd2es BSed oh @eQ-C
2004 [ Enbodi nent 4] The netal elenent used for the crystallization is

remai ni ng dingtaheotlracktpallds. ria Tibld 2oMHS ik td dirmedrrageeridin Fie. IRtRas;
described in Enbodinents 1 to 3. If expressed in terns of an aver age

concent § atsaamle tthe pieial { 3dllgnenat { 119 yreehidilngriaticed, fe. 08%eMoE rbONHan
excess of 1 x 10 ~9/cm though it may not he uniformy di stributed in the

film The B} ddgers)andm2b (isardhirgar Soat 1@ daneds®, rogrduiaslyt hedehanngd #5pgm ng
regi on of various sem conductor devices inclusive of- %FTS More preferably,

however, ithei sladesiiied} tadr €pMeatdBidhibt aticetedment By thetilald Nyl i}Thdh%
enbodi rrent deals with a Bettering nethod with reference to Figs. 10A

10C. I n Figumb&rof tacsubstal@tidartal p1§nésh§1agdr@9cﬁaﬁl@bﬁﬁdfdﬁzﬁepﬁlaﬁ@@&h%m 1 or
2, or is the quartz substrate of Enmbodi nent 3. Wen the glass substrate is

used, a blsgkdmgnt afgmmscd,onrad dhileeljchysentindisalninde orfe ity $4 alchhd®m
silicon film73l may be fornmed by any one of the nethods of Enbodinents 1

to 3. F0sifuildon, o stebhbiliy éBcdi@fentaskiadsds Tot@EpmdiiAgyNt ai ning a

t hi ckness of 150 nmon the surface of the 15 crystalline silicon film 731,
and an opening portion |33 is fornmed therein so that the crystalline
silicon $Lmis exposed. In the case of Enbodinment 3, the silicon oxide film
722 shown T4blEi2g. (94 can be just utilized, and a step of Fig. 9B and the

Sample | {101} | {001} | {111} {311}

10°]5° 1 10°15°(10° | 5° 1 107 5°

HFOGN30 1 7 |11 812171311915
#SGNIO§31 |14 1 O[3 111103

15 #FOSON5 1206 1L 0|3 1011213
#SN 2131 4C 71211513

#HS 4 | 11013712 {6[18] 4

In the samples #SGN30, #SGN10, #SGN5 to which germanium is added,

too, a tendency is exhibited, indicating a change in the orientation of crystals

20 depending upon the concentration of germanium contained in the film. In the
samples #SGN10 and #SGNS, what draws a particular attention is that the lattice
plane {101} is strongly oriented compared with other lattice planes. In the sample
#SON1O, the orientation ratio is 31% within the shearing angle of 10 degrees and

is 14% cven within 5 degrees. [n the sample #SGN3, the orienration racio is 20%

| £)
(]

within the shearing angle or 10 degrees and is 6% within 5 degrees. Such very high

17



subsequent step may be just transferred to the steps of thi§QEpggp . Then,
phosphorus is added by the ion-doping nmethod to forma phospho - ed
region 20 733 having a concentration of 1 x 109 to 1 x 10--icm . Referring
next to Fig. 10B, the heat treatnment is effected in a nitrogen atnosphere
at S~0 to 80e@Hiom rtiw @4 thoursticeeplpne H01800€ for ad@nnslishsd Whknyththe
region 73~ to which phosphorus is added works as a Bettering site, and the
catal yti c edmplenstomdrdh géngakinnt sewaryldeadl | i zed silicon film 731 can be
segregared in 25 the phosphorus added region 737. Then, referring to Fig.
LOC, the sili cbntloxiadepit i $0FEP, howenaskhag dandirtthe: 3Qermanfurm dQ0inegi on
735 to which phosphorus is added are renoved by etching, to obtain the
crystal | i nexgiddcean Il knon86%, mlwhdddnhtiencarcent tlat ipbmeof 13 he doeteakes.

el enment used in the step of crystallization is decreased down to snaller
than 1 % 10hetenB:, }iErbddisereatuls] mbalhi shantied: weints dealisbivi hhga foetihod
that can be favorably utilized for the TFTs and the Li ke by decreasing

def ect s i ncoheemaratsirabiigenaapamt coh@snatinhiic howegshng stlitenlfévwabr @fhdmuer f ace
to the insulating film A crystalline silicon film 801 containing gernmani um
shown in Filge oddranay rbgo bheheglend Ot dEd and chivhagioaatndendratidhR Frorh Del
crystalline silicon film801 containing germani um nmay be the one subjected
to 10 the Betrhier%ng ldesoniib&s i n Enbodi nent 4. In this enbodi nent, however,
t he substrate nust have a heat resistance of at |east about 700 to LOOOC
and, hence, th@hquaysazilisubshiairelu8od fils: edpbieyed. hidh oriesud @id pepkidyr803 on
the Germaniumcontaining crystalline silicon film802 is fornmed of a

mat eri d0 cdnt damiceg pfadd cdd Igxiidertasinad chbefordoniponeliding Fetmibngxasple) a
silicon oxide filmor a silicon nitride oxide filmis fornmed by the plasm
CVD net hodcomianiragitiicng & radieckiness: @f (B0 natomih &, Heatalo eatumitssise gid ect ed

in.a state where the insulating film803 is forned in an at nosphere

cont ai ni ngchadcogeniditsyidicxabéry, mihdogeh nay cmsbroxy genfilas to be smaller than 1 x°
10"/cm’, preferably, carbon and nitrogen to be smaller than 5 x 10%cm’ and
oxygen to be smaller than 1 x 10%/cm’, and by selecting the film thickness in a

15 range of 20 to 100 nm s0 as to produce such a svnergistic effect that the cryseals
grow dominantly in a direction in parallel with the surface of the substrate.

The crystalline semiconductor film having a high orientation ratio on the
lattice plane {101} can be favorably used as the channel-forming region of TFTs
and as the channel-forming region for determining propertics of the clements such

20 as photo-electric conversion layer of photo-electromotive devices.

Next, described below is an example of fabricating TFTs by using the

crystalline silicon film containing germanium. Figs. 12A-12C are diagrams

illustrating the steps of tabrication of this invention.

In Fig. 12A, a crystalline silicon film 812 containing eermanium is formed on

[~
wn

a substrate 310. Here, the crystalline silicon film 312 mayv be any one of those

fabricated through the steps of the following Embodiments | to 4. To fabricare
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shown in Fig. 11 B. In this enbodi nent, the heat treatnment is _effected at
950C for ZO 30 mnutes. The treatinG tenperature nay be sel ed8E n2804
rann~e of from 700 to 1100C, and the treating tine can be selected in a
range of from 10 mnutes to S hours. Due to the heat treatnent, an oxide
film S04 dftTehohe sEBtmne isscttbedned agnedérerininesk fizclor pbmmeemiselhgon and is
germani um containing crystalline silicon film802 and the I5 insul ating

fil m 803, dandedhingenstanidunm*dont dieniubGrareySt@isla glesssivbswowr, hillmld0s ldysr3l D
0 0~~ 200 fornmed having a decreased thickness. Inpurity elenents and,
particul aBlly s fmetall. i mpurity el ements contained in the insulating film 803
and in the germaniunctontaining crystalline silicon film802 in the step of
oxi dation in dbeahegerngtihmsPhetseyseflorsm gaconpolandg tidgeirhdre Wik ahdliogen
and can, hence) be renoved > in the gaseous phase. The interface between

t he oxiSde fdrntan B0 thankintsh ef geruel®Oumic dtcainsulaging st 313 ismesilsidri wiondé€ i | m

. 805 obtained through the above processing, has a lowinterfacial |evel
density angidedilwefornfeavivombbid], Jrehbodl bedie plasihhiSVEmedhadnt isdesilicomi th a
case of formng a CMOS-type TFT by 10 conbi ni ng an n-channel TFT 920 and a
p- channel nitEile @2idd filrafarowpl ferenflD$ ardnber Iiniltihe mébémanaettafoBingsone
19A-19E. In Fig. 19A, a crystalline silicon film containing germaniumis

f or med onisaekabstarat ie {@0ded Mhmnteimysg akhickeesidf 70 om f ThmicomiaigiilngS8 13
germani um may be any one fornmed by the steps of Enbodinents 1 to 4. A

bl ocki ng heaydre B0Bed byfaomadddMiesnrihed ih&ndudsneat 8 901 is a gl ass
substrate. The crystalline silicon firlmcontainin n germaniumis etched to
a predét er m néth diegmsiibringl et 3 iis ratddon ga@needsbdn8 14 idf ansdadcionduct or

| ayers 903 and 9C4 are fornmed. Afirst insulating film905 is utilized as a
gat e- i nsutenduwgirfg hmcéoal tdheafhiy @re dr ipgufabrkieds ohichinadnns ngleatddhiokness of
30 to 200 nm The first insulating film90p is 20 a silicon nitride oxide
film for machtafunSi tdngsandeidmuer alsniausi bhd amwlphdariude oxi de film

Referring, next, to Fig. 12B, impurity regions 816 are formed for forming

source and drain region of the TFT. The impurity regions S16 are formed by the

15 ion-doping method. When the TFT is of the n-channel oype, an element of the

Group 15 of periodic table as represented by phosphorus or arsenic ts added. When

the TFT is of the p-channel type, an element of the Group 13 of periodic table as
represented by boron is added.

Thereafter, an interlayer-insulating film 817 is formed by a silicon nitride film

20 orasilicon nitride oxide film relying upon the plasma CVD method. The impurioy

element thar is added must be heat-treated at 350 o 300°C tor being activaged.

The heat treatmenr is effecred after the interlayer-insulating film 8§17 has been

formed to release hydrogen contained in the silicon nieride film or in the silicon

nitride oxide film so as to be diffused in the crystalline silicon film 812 chat contains

25  germanium thc-rcby to compensate defects in the crysalline silicon tilm with

hyvdrogen. Thereafter, source and drain electrodes 818 are formed to obtain the
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fornmed of  TECS and N=O by the plasma CVD nethod. This enbodf @eﬂgcmcts
the former filmformed nmaintaining a thickness of 75 nm Further, first
insulating film905 nay be fornmed by the nethod of Enbodinment 5 On the
first insulating film905 are forned gate el ectrodes 906, 907 of an 25

el ectri callll§.conducting material containing one or plural kinds of elenents
sel ected 32 10 ~~~ 2004 fromtantalum tungsten, titanium alum num and
nmol ybdenum Rdfterahamgehéxtming rEgign fa88ed phdsphestalinessiltapelnbyottigning

i on-doping nethod to forman LDD region in the n-channel TFT 920. Phosphi ne
(PH3) t hageimsamiuhuted isntighl. dritwe8%mithh Ikidespluaed] A }t bleractoaplibg tgas. The
doping con ditions will be 5 suitably determ ned. Here, however, the first

i mpurity tegincion9@8hflersneshd miedate phpthessende gaduatsatadylng Q3aard 904
wi || have an average concentration of from1l x 10t' to 1 x 10~9/cnB. At

thi s monedefectshar garercakattiensdaso®@be angitH0Rc wodik [Rsimasks aadangngt che
phosphorus that is doped, and the inpurity region 908 is fornmed in a

sel f - al i gngdtaiBmnparticld, Red exhibig anekdcitio-flelde {9 Grotalinaskh@@ dhs TBr med by
usi ng a phot o>=esist, and is doped again w th phosphorus by the ion-doping
met hod. Ddescribetl mbsvel ppisegsedtawngeatynth strputie, yha €giTonay 83 Goranst BdAnpave an
aver age phosphorus concentration of from1l x |O to 1 x |Qz'/cnB. Thus, the
first inpatowiconeghonti®d Hrdiar(bBD) siriddieresetiavtpduatwicutayerhi8i3hsDies as
the LDD region, and the second inpurity region 15 910 serves as source and
drai n regisanvsrlapped be the ghrarbelrcteT TH2ITEEs Showad by nhfirgrenti@b,caa Hraskd 913 i s
formed by using a photoresist, and the sem conductor |ayer 904 is doped

wi t h Hor ons TBilbésetabri¢ Bitdpyn detivt eccintiquidl drysral S%iw; ibvide ahd Hisdigplag t he
doping gas. Athird inpurity region 914 forned in the sem conductor |ayer
904 i s addedicaisinkl RAFOTs fonraitizagauhin #oh ihtborb e X itduEhaasubRticheatortthe
phosphorus concentration for being inverted fromthe n-type into the
p-type, ahfl]s fabricaedigsusany averagenabsenbndbdon sdscfarem | . p x 10-° to 3 x
10-~lcnB. Thus, the third inpurity region 914 formed in the sem conduct or
Layer 904 serves as source and drain regions of the p-channel TFT 921.
Then, an interlayer-insulating film9l ~ is forned by a silicon nitride
filmand Zombodinkdreeh nitride oxide filmformed by the plasma CVD net hod.
Further, the inpurity elenents that are added nust be heat-treated at i~0
to QUOC for behagndeéntiod &iDEe Bsackddviat ReiheFhRchebt wla-eatimbbding: f tect ed
after the interlayer-insulating film 915 has been formed to rel ease

hydr ogen gbndlabmgdhbietfe dsé inveamioniit [ 86 vyl Ihaad d4sm fhees bl t6@ReNi tri de
oxide filmso as to be diffused in the sem conductor Layers 903 and 904 to
execut e the hydrogenation, thereby to conpensate for the defects in the p
sem conductor and in the interface thereof. Further, source and drain

el ect r odefEAb&dianch9l7 are fornmed to obtain the TFT. Channel -form ng
regions 918 and 919 are fornmed of the germani um

The method of forming the crystalline semiconductor film described with

" reference to Figs. 7A-7D are the one that execures the crysrallization by adding a

-~ meral element into the whole surface of the amorphous silicon film containing
20 germanium to assist the crystallizadon of silicon. Referring to Fig. 7A, first, the ¢lass
substrate 701 is the one represented by the #1773 glass substrate of Coning Co. On

the surface of the substrate 701, there is formed, as a blocking fayer 702, a silicon

nitride oxide film by using SiH, and N,O by the plasma CVD method maintaining

a thickness of 100 nm. The blocking layer 702 is formed so that alkali metals

]
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containing crystalline silicon filmwhich is highly ori ent%i& %BLatti ce
plane { 101 }. Such channel -form ng regi ons have good inter ¢>r rties

relative to the 10 gate-insulating film have a decreased defect density in
the crystalline grain goundari es aﬁd in the crystalline particles, and nake
it possi bEentnEbiRihe assisybstate vdl epf diffuspimiol e yemmansugotile lboed
steps, there is obtained a G vl OS-type TFT in which the n-channel TFT 920
and the pﬂéﬁéﬁﬁel TFT 921 are conbi ned together in a 1~ conpl enentary
manner. The n-channel TFT 920 has_an LDD region fornmed between the
channel - f or ni ddierasgprorodndlicdilyr & hcqragirong cerpmnprmveiorged be teoplesnar at i on
of electric field at the drain termnal. The above C vfOS-type TFTs neke it
possi bl e o/ Pormthodi goddiscdgpseied iz phaysisiiaee 6F bhehacglovedivahaigr t ype
or adrive circuit of the EL display device. |t |Is further allowable to
appl y thedacompetiinperhilnmsducing ghedhelingts dikmed éntond% rads bddoand bk,
torm ng pixel portions. It is _further possible to use the transistor as the
TFT for miothakeastioniahapilen The defailadeanditicnsicomply wisbsitablat.eMpsrevehe LS s
t hat have heretofore heen produced by using the conventional sem conductor
subst r at eshe peRdisiginremnplpgec et those e eCNoedr FSONRE ceripstralddiatanon
are remainin;,=1in the cn-stallinc 3-1_ 1 D BEG 2004 silicon film formed
accor di ngceaditioasnibersds ehplamomdhous stidsedfilant® ror@iBng Wersaempodis ment
deals with a nethod of renpving the netal elenent in a manner different
from t hat fam@Ehpeinrining 4. thidaasephod ondinstrglento menpwizaght rententalof
el ement by the heat treatment fromthe crystallized silicon filmforned by
addi ngOt hemperises ehelest obigens nfigogeas and Betrben iingthsi gemanisenicondust or
filmcontaining a rare gas el ement or a sem conductor filmto which the
rare Bas élr@rlf‘elg@wi Ss'liqudghﬂ 1Gheaismit hade of the Sibwebshaesg ritvedy ol nbt loafeer ence
to Figs. 23A-23E. First, a crystalline silicon filmwhich is highly
oriented tmr AR 99PAreand tlod GeH, a0 beumingsdpiyyryarfyncodewor chane® W8P todshof
Enbodi nents | to 3. Reference nuneral 10 2000 denotes a substrate having an
i nsul at i ngpesifidaams cdnble pBOMadel bl devienaterrdiehl thanthd meatian chgmibier has a
conprising an insulating filmsuch as silicon oxide film silicon nitride
filmor sibluwonohil kide wosdndgoditel moleSiex Mynp ¢teme;vaaugtias sasulisiOdiseci s
used, and-the underlying insulating film 2001 is the one of a two-I|ayer
st r uctlar eisopreavideahimale tioft sadd, rstnysplinpord mh tervhdertoxi decfafl 40 of’/ dur is
t hi ckness of 50 to 100 nmfornmed 15 by using SiH~, NHS and N, O as reaction
gases andpeddedimdheiski@ohstagd, t¢ deeveri dee fagdombbreanichiveknedsorofreddself o 150
nm formed by using SiH- and N=O as reaction gases. It is further desired to
use a si ngdlfeusirayfeomatesideict one exhausdeystarh mrastoamhanderthy deger: psuhatiomg il m
- 2001. Use of the silicon nitride filmexhibits the effect as a bLocking
| ayer t hathgprevdnt gathed ai tal icametathaohemsndhtiimpubiva clinages subbsorbte from
di ffusin
' gtrapped in the film as much as possible while forming the amorphous semiconductor

20 film.

Reterring to Fig. 7B, a nickel acetate solution containing nickel at a
concentration of 10 ppm calculated on the basis of weight is applied by using a
spinner to torih a nickel-containing layer 704.  Here, in order to improve
compatibility for the solution, the surface of the germanium-conraining amorphous

25 silicon film 703 is treated, ie., a very thin oxide film is formed by using an ozone-

containing agqueous solution, and the oxide film is erched with a mixed solution of
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20 into the sem conductor Eilmthat will be fornmed |ater, azdrﬁkg;as t he
ef fect of enhancing the Bettering effect in a getrerin,B st t 2841 be
effected larer. At the tine of Bettering, nickel tends to nove into a
region of a high oxygen concentration. Therefore, very great effect is

obt ai ned ihydusfiungid dved and dwytyiges, permedt aticargoffbtmmidhe montréct, fotlowet he

sem conductor filmas the silicon nitride film It is further 25 allowahle
to ux a | aht mehadehayah staqebus eolimonkbatniting (gbhé ecoforni 4 rédahaxbgdda film
and the silicon nitride filmare successively lamnated. O, there nay be
used a 3pfilm= The BiticoRQ0rihdysere haydsrphebivat sl ami, Whineh, fobmifg rist osidki con
nitride oxide film the second silicon nitride oxide filmand the silicon
ni tride fifilmankesivpoesislcvelunifoamitnabidd chdaide] arerargphaus senm conduct or
filmis formed on the underlying insulating filmby the plasma CVD net hod,
| ow pré&ssure tNenhbaCQvEnneémhod etiecsdult WO Qg ob onethind, cofreldaenadddoygct he
crystallization described in Enbodinent 1 to forma crystalline silicon
film 2002 conndiaediing tlge rgeamiaiiing kbgrai?id) amloaplidtiss siiabadfilment Thi:he the

anor phous silicon filmcontaining germaniumis fornmed by the plasnma CVD
met hod, t kheysGdlihcgasisdiffeat@iby nbaddddmonitichh&it Hdeaanmd nz i5S0f D04 bhoaek. i nt o
the reaction chanber, deconposed by glow electric discharge 10 and is
deposi t ed Tdnust He:re Rd@rngdngedystallindt deAgcdnd upe@Ofitn 700 at BeowHih dee 701, t he

t hus obt ai ned ger mani um cont ai ni ng anor phous silicon filmis formed a very
thin oxide fillhddy iHShrlgr an i0Zasace chatradinioig raghikiomsos dratid ofi .crkhgliaxi de
filmis then renoved by etching with a m xed sol ution of hydrofluoric acid
and hydr ogemppeeay idehvatieile teluhtr dirhe GlRind U fpaa. deThRrerfaiMaid/intcthe N
oxi‘de filmis fornmed again by the 15 treatnment with the ozone-containi ng
aqueous sehutdlbne pheickal t e, @&echi akeimatetiat@nslotuld, one ¢otheaichsAglid® ppm
of nickel calculated on the basis of weight is applied onto the whol e
surface tbanfehdoy dSiRGIE S piradieted wich ReiebYedarrina A ekeheonisa g

| ayer. Next, the heat treatnment is effected at 700C for one hour to rel ease
hydrogen gonediHa®ehd # whbelcagrimai08heoHBohilRgindn JPHeUT Heilhig®Rafikm 20
Then, the heat treatnent is conducted in an annealing furnace at ~ 50C for

4 hours t @&ist@elirdubB 6 Asdal byscah 9. 400 GOvsehl | zal Hanas@atrkenrhiect ed
by the irradiation with an intense Light froma |anp source of tight such

as haliggen dfetmd ARiradvdraippaer laddhpf IXedIvsartuk 2R re BALRARCALCris@dBne
hi gh- pressure sodium | anp or a high-pressure nercury Lanp in 5 place of the

heat treatdmibndstng flthe7@neealh noFfurmace. Wen the lanp source of 1ight
is used, the lanp source of light for heating is nmaintained turned on for

60 to 36 ~ ~~~ 200 240 seconds and, preferably, for 110 to 150 seconds to
heat the filmat 650 to 7SOC and, preferably, at 70QC. Thus, the anorphous
silicon fiEmbediheh2Ng germaniumis crystallized to obtain the crystalline
silicon film 2002 containing germanium During the Bettering, 5 nickel

tends to m gr Pe@niani@nacdre 8l Ol SleHNEMOUYIAR SRAGETKahbOBlSHRIEh. |t

method of forming the film by using gases containing elements as represented by

20 SiH, and GeH, by the plasma CVD method but also by a method of adding
germanium by the ion injection method or the ion-doping method (or is also called
plasma-doping method) after the amorphous silicon film has been formed. In the
plasma CVD method, GeH, is preferentially decomposed with the same high-

frequency electric power due to a difference in the dissociation eneray between SiH,

i~
wh

and GeH,. [n this case, unless the film-forming conditions are precisely controlled

27




t herefore desired that the oxygen concentration in the gerﬁhﬁi@@@qm 4 ai ni ng
crystalline silicon film2002 is set to be not larger than 5 x 10°s/cni.
After the above crystallization, further, the segregated netal elenents nay
be renoved or decrefsed mﬁﬁh an et chant conta%ning hydrof | uoric acid, such
as di| ut edudly Fyemetavirg intlscuchrrerpr clwies ks semagamofs Fyarask iudhe c
aci d, hydrogen, peroxi de water, and %.e water). \ Xl hen the surface is etched
with the SPeFRRPUTHHERR Hithgrakipg FoR i geifermlyghispseie, garmapgivdesi red to
flatten the s¥;fa by the iyradiatjon with an intense Light fromthe above
| anp source of'§5 gﬁtaﬁdﬁﬁé‘i@ P AR ANV TETPSIRE piepapt phiing gerereviumitiyahei | m
may be irradiated with an 15 intense |ight such_as | aser beamor Light from
a | anp sodpREVeFon gisthedor vy kardompe swshedeleFigsd Al pibkakimnlayaniaser
beam may be an_exci ner | aser beam having a wavel ength of not |onger than
400 nm> oformprd s datiasshabhBRiccE loin Hivesann manRgr abhl Esbetlinert kAo aser .
After the irradiation with an intense |ight such as the |aser beamor I|ight
fromthe REMIPBOUT silicon filpgHis fsdormap rrbefasg=mainsaiping a ahicknassi @0 20t he
segregated netal elenment may be renmpved or decreased with the etchant
cont ai ni néPaRRABENUENS arasib@ined byt dreosipasiteOehly bed faratnienwd inyo dhe
irradiation wth an intense light fromthe |anp_source of IL?ht. Next, the
Bet t er i ng amprehpeciibeon slmeneneacsierpgonyobrgnehi@ re bAQ deNed! he anwant
germani um containing crystalline silicon film2002. First, a harrier |ayer
"003 i s 25fpddisien ofigermantiny it apmi hé teilliasomid Y. nincdbutian mhingrigre nrahpdm
,=ys the barrier la7:cr 2003, there is forned a porous filmwhich permts
the metCal oslthecien-deringfmythede kbt BTount-of apdicicroof igarmhnBme ds epricotlpass
through to the Bettering site but which does not pernmit the etching
sol uti on gestoiled bieostioping theernselenariomheoBega wrd vy distee.t Uppnfinjetnage
therein. Here, there may be used a chem cal oxide filmformed by the
t r eat nent gaimmniprohavinatgnasdarear gidn don obsiliden flitaarysatboe. nudkeitpsnt
specification, the film having such properties is particularly referred to
as por ous i jthm amarptves, sitigen Bdnr per deayered2oodkinmyt hwssibley ta libnginamd may
be a spontaneously oxidized filmor my be an oxide film oxidized by
gener at i ngszpheubsemiienidvetadiibnivdrichiit mout favavildk én femyigithe anystatinospher e
cont ai ni ng oxygen.

15  semiconductor film.

Thus, there is formed an amorphous silicon film 710 to which germanium is
added as shown in Fig. 8B. Thereafter, a nickel acerate solution conrtaining 10 ppm
of nickel on the basis of weighf is applied by using a spinner to form a nickel-
containing layer 704. Then, the same steps as those of Embodiment 1 are effected

20 1o obtain a crystalline semiconductor film 707 as shown in Fig. 7D.

[Embodiment 3]

Described below with reference to Figs. 9A-9C is a method of selectively
forming the metal element that assists the crystallization of the amorphous
semiconductor film. In Fig. 9A, a substrate 720 is the above-mentioned ¢lass

25 substrate or the quarcz substrate. When che glass substrare is used, a blocking laver

I
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Next, a sem conductor film 2004 is forned on the barrier Lay§r E@gﬁmgo wor k
10 as a Bettering site in a subsequent treatnent of Bettering ? Irg=“¥23B) .
The sem conductor film 2004 is the one having an anor phous structure forned

by the plas D nethod, |ow pressuyre, thernmal CVD nethod or, preferably,
sputterindsE&Fﬁ%&pq$ﬁéaQ%HPEBH%U%fBﬁi?P?ﬁwﬁﬁﬁi“has a thickness of 50 to 200
nm and) preferabl 1S0 nm. In.th ubseguent treatnment of Betterin

ni ckel tends to" F‘EQWS?%& @‘Wﬁ‘ 8[159722@08@(:1?}% %’Fﬁmémﬁflﬁﬁn"b‘k%gﬁnwﬁ by e

concentr at j, on, ks t herefore desired that the sem conductor fjlm,Z004
cont ai ns 6§§ﬁ%%t%f 13F%6H§8ﬁ%?%.?‘ﬂdEFeWF’(féﬁEPaPﬁﬁh“ﬁ“ﬁ“ﬂ@“gﬁtﬁ@diﬁd,

preferably, not.lower tha x,10'/cnB as .nmeasured by th | MS apal ysis) to
i nprove tHgtéﬁ?P@FFﬂﬁnéW¥‘QaéﬁéVfb?HBPéﬂ¥§n$BF?E@?Q¥B}EB§W§”§%QT oﬁéﬁctor
el enent

fil m cant ai ni a,rare Ba t. a concentration of 1 x | Lem . 2?0
The most PLSALRFEYISHE HBRIOSE ROy o Ee P oAU Sk 1l Sl Mhat
silicon is used as the target by, th putterin thod, and a rare Bas is
used as tﬁéegﬁﬁFW%¥?H§4§§§9%hgéﬁpﬂﬁﬁ%ﬁP%PFW@”§3§9§%FW t hod, the
pressure is degreased. at th a_ti of  formng the filmso that .the rare gas
is easily traﬁ@gﬁhﬁﬁﬂFHE‘gﬁﬁﬁ@%%gﬁéﬁé?nﬁ? RATRIENEg §ipﬁﬁﬁg§§bﬁméoﬂo form

a sem conduyctor film caontai ning e rare gas ZS elenent at a concentration
of 1 x 20-hE gmotphays: sl Atk 72?%@&% SeRaHn -t ol howeh ohercf nogg
~ o~~ao~ The rare . .gas elenent is on r. plural kinds of those selected from
He, Ne, APFI%U%%H‘%@.UOW tﬁ%jﬂ&&ﬁ?ﬁg)?tfwénﬁnén@etwﬁéb@wﬁg y e silicon

sem conduct o il mbeing= accelerated in an e-lectrig field, it is allowed
to forld a%s etfféliﬂ’rﬁ Og}l‘t?(ngrfi%F @Xafapfﬁ Hﬁx’dlér?gllei“r@ﬁdﬁéﬁa oshigareat i @g) and

di stortions. Amgng them it is desired to use the Ar gas 5 which is cheaply
avai | abl eﬁmg&@@ﬂ%anrr%efwdmﬁ 3 FECHaRPTEHsrePeie ie. AaybyEtas

short as about one mnute or ~mnutes, enabling the rare gas el enent of
a high cor‘i‘é‘@ﬁ?rraéﬁed;? 3(% q@e‘?%éemgm@ EHE AehigBitaeeBey £13.- a9 h%ﬁé}@ﬁ%ﬁ@, t he
t hroughput . is strikingly inmproved ¢ ared with the Bettering using
phosphoru§kcpﬁ3aaﬂﬁfa6ﬁﬂﬁbpmigt@ R%ggg§lelenent, there may be further added
one or plural (10 kinds of el enents selectéf_frony_, H O O P.and B. Upon
addi ng pl ur al MNE¥EA3N GPCRINENRIFEION 4A7eis BN iThEhefiieer orileoBail hédiichaa
synergi sti ¢ y. Thereafter, the Bettering i ffected by the heat

tr eat nent “&k\g@%%F%ﬁil%l@a&r>af£éam&-1tqp@ﬁ q?ﬁ*tléﬁi en| tflg mecighidrsl if anplicbur ce

of Iight.qﬁggn the Bettering iF to_be effected hy the heat treatnent, the
heat treatiméi anBiFksbcenedningdlayer 44455 fprreshaRd aRamSpHe FRNRET 4501 (15 800C
for 1 to 24 hours, for exanple, at 500C fqor 4 hours. Further, when Ehe
Bet t er i ng 2FENAYUPECERfadRngaBYRinas| slicea GHpohd Wotnonly st bagent pghtet rom a
| anp source of Light, the lanp source of light for heating is maintained
turned onOPBRINGA®THENIFF- seconds and, preferably:, for 1S0 seconds to
conduct the heat treatment at 650 to 750C. , 20 Due to the Bettering.

ni ckel i grat ddici GyshBizaiippat ¢ibirtet barhohsay wermiadlatdi leamervmye Phjg‘i')g. 23D
whereby the metal elements arc renoved from the germanfum containin

cryst i fe @0 el fi tomldobousoveredt BY Otfhelonalt ilerurs-ayby thoogawr thhe
concentration of the netal elenment decreases. Conpared to the ~=etterin<-
usi ng phosphsrlizntianakeeplpet firgabypemiwnaddbe powphtow siligos ffaswisherhigh is v
ery 25 effective, enabling the addition to be affected at a high

concent r afidg! isebrgught in gonoict pedprhem gpreadpin aahtkcthanaeparelidbrithghe he
netal elenment to be added in_an incrca;cd 39 ~ ~ ~E~ 2004 anount for
execut i ngstececolybeatbitraiei die dwatornyd apsallingctlecasi Hen ¥ b savsgrituted
addition of metal elenment for the crystallization, the crystallization can
be ef f ect bdaicallecien ohed-likorrrasd - bler ¢oerass cadhaystaheaniheing pasticelar
crystal lization is not changed, the netal el enment added in an_increased
amount2 SmakEsciion jo g wtd masroscopically.  Thereafter, the silicon oxide film 722 i

removed to obrain the crystalline silicon tilm 725.
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5 further lower the tenperature for crystallization. Upon a'plgi@ C t9894 et al
el ement in an increased anount for the crystallization, further) nuclei are
spont aneously generated in decreased anounts and it is allowed to forma
favorabl e |.1ine,sem conductor film After the above Bettering
treatnent, ﬁ%@éﬁgjﬁ%?‘i]ng site 2005 which is the 10 sem conductor filmis
selectively r ved by etching, ;The etchi met hod may .be_dry etching using.
CLF3 but not Sgﬁtﬁémptﬁg Il“rﬁlf’-n&u‘v%oré{lﬁﬁpﬁéﬂﬂatﬁbl BhCHpuPs sy eu?‘iybﬁg}hglfch as
an aqueous_sol uti on- contai ni ng hydrazine or tetraethylanmoni um hydyoxjde
(cheni cal bfl%crorlrh%%@%%)i,%@b‘ﬂ?? tﬁé}lﬁfh‘ﬁﬂé{‘ﬁ%ﬁ"?‘ m Eéghg}dnge@gs Pics ié an
er |ayer 2003 nma en be . renoved with

et chi ng stp}%pgr,‘ The ‘ba‘réfi ayel tH _ , |

hydr of | uor T aert M 1 Mprl ADLPSC S CHBRRER; Utk RO AISHGY & FRRAS He
silicon.filmis etched into a desif€d shape, to forma sem conductor |ayer
2006 1 90l d S Er Rt RS0l ERgD SR, threhd o OB e DR SO RBHo oyl ¢
of neasuri.ngtp%igelpconlﬁ}e\nt.[.ati?? af a tal el errgnt (nickel here) before and
after the Bet'fefithg tHedtrdh{ gy SHAR & BeW carept 8844 ahthe ehgnagldprasence
spectroscopy. (TXRF)). As shown, in Fi.g. 24B, .the Z F is a measuring

net hod accrgglﬁ}&‘naﬁt‘%z‘\%? SRMAPIAUCERF ég\%‘?ﬁ a4y tgég?%-o Merg rR"Eiiéé’f}}ﬂlY:on t he
surface of_the fil g}gt .a,ver shaILow angle to detect the X-ray

f1 uor escerMWV L eligarmoredhe maeladenepapy eedsing-s. The TXRF gi ves

and makes it

data chiefly from a .depth of to.5 mw fromthe surface, )
further possib lé‘SFH‘bégt“?lﬁﬁ'E @eﬁﬁﬁ&“@&n%"émr%‘i?%H‘%#SWHL(?R@WC@M HendO%yr the

crystalli ilJicon film The Z ensitivity of detection is nearly
LO~" anfd ﬂ@crszifg‘.ﬁ’ﬁzt}x{w Héuleﬁtmtﬁi?@l% (a1 BSTEHE o SHRRSKEMSDT 19 ds ORisckel
The data of 40 1 C CSC 2004 the s W t hout the Bettering treatnent
i ncl ude a fi}‘aﬂﬁaf%ﬁugst%fi@g B’(“i’f)éﬁ??%fr 1%;1.@ grﬁm@w,at@ Hesedanplpeking
| er val ues, fromwhich it

subjected to the Bettering. treatnent exhibit sna _

is lear ne&asf‘jﬁésc%m@dﬁ%%%né%ﬁ%ﬁ‘F ti’%ﬁwﬁwﬁlﬂ%ﬂk‘ﬁ%@hﬁ I’Phanayehs ©emadct or
filmis d%creaysed d?& t o about gn}gégundregth t hrough the 5 Bettering

t r eat ment PY\VABRCRhE ‘EPE%“?\% ol EROREIRRENE dnkiuét ¢l SHICONeMEe &lmir 6 6F 450C

and 500C are, conpared to each other, it will _be | earned that the nickel
concent r atiEK % 1§ SURREd THREINIE hahidaesopf sddcnnTive Heq WHRREMOE AEaI ni ng
crystalline silicon filmahtained in this enbodjnment is highly oriented on
the plahe C(S?égﬂim%lﬁlélceeé%iai R+ e A OB HRBROE I / 10 gmeshieatinonshatibe are
suf ficient l“i/ I P_W [ T the film and niak S it possible to Lower the off

current i FUEREIgEPlicRRiHRY I8 cikppicds o ¢ pertbelimpat detficcohdutevidedevi ce
of this i ,enzﬁ)n can be ap%lied to the circuits to substitute for the

di spl ay déiiicés? shavpnitebigatdy @nrbuiys wilizadyard e yeesfoleFige OFoand ths
devices and to substitute %‘gr_ t he conventional integrated circuits. Such
seni condudtBCAYEH| sEP MHY heduportatieaeddpathcermpnal shieFaampbni cl ot ebook,
nobi | e conputer, cell Hg}r;e etc.), video canera, still camera, personal
conput er, PRYS HHUbisd}dé@  thepan-Hopinarmpe dedap domh owhospheiugsidded acgion 22D.

20 735 having a concentration of 1 x 10" 1o | x 107 /e’

Referring next to Fig. 10B, the heat treamment is cffected in a nitrogen
armosphere at 550 1o 800°C for 5 to 24 hours, e.g., at 600°C for 12 hours. Then,
the region 735 to which phosphorus is added works as a gertering site, and the
catalytic element remaining in the crystallized silicon film 731 can be segregated in

25  the phosphorus added region 733.

Then, referring to Fig. 10C, the silicon oxide film 732 tor masking and the

o
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Fig. 20A shows a cell phone which conprises a display panel ﬁ @Qééﬁﬁp
operation panel 2702 and a connection portion 2703, the di % 2701

i ncluding a display device 2704, a voice output unit ? 705 and an antenna ?_
709. The oper at 270Z i ncl udes,operation 06, a power .,source
switch 270754 ?/?? 5‘2 W'H Iﬂtpz\?ﬁ‘?li‘or??O%aa‘e‘?“ﬁamT‘i‘ﬁn%‘W‘fﬁ n?‘ic g sprRbiemethe spl ay

device 2704. Fj~~. . bo d o camera whi ch nprises, a main pody -
9101, a dicsfiﬁtﬁ@mfa*l&é\}’i f&‘@ 3% é éOPﬁ‘d’thaﬁfm Pfc fg%e‘«ta plersIr gheS t ches
9104, a baﬁger 9105 B ~ ~~g 00 a pic uni t 8;06 The

i nventi on ‘éﬁ“ﬁﬁo PpFi Hap8nlh§ﬂaF§b a"HEV?EBa Tdia“ﬁiﬁ 560 shows a
nobi | e conputer or a portable data termnal which is constituted by a main
body 9201, a camera unit 920Z) a picture unit 9203, operation sw tches 9204
and a disp! L device 205. The sem conductor device of this 5 invention can
be applieﬁE%%(Fﬁ%mﬁléilay devi ce 9205. Fig. 20D shows a TV recei ver

constituted by.a mai 4 spea e 402 |spI y devi ce 9403 a
recelvef unltyaﬂéﬁngﬁﬁP %aﬁﬁP¥PW 3 I o#i?agcmw EPﬁV@§Vﬂ6ﬁH@éﬁ3

applied t ice 940 Fig. 20E s rtabl e notebook
constitutgﬁﬁﬁ diﬁgﬁﬁi% ‘§§T§V3$G“G§gfﬁe§m@ Ofékaﬁﬁageﬂﬁedium
9504, operat| ches 9505 and a antenna %fOG whi ¢ |s used for
displayln 1§F6 8 Prihe ?“Qﬁ (Ntf“@ﬁilﬁeaﬂEWD AHCP beogiapingyi ng

Sitv?céicg'rgé%%aﬁﬁl BB T8 07 et TR 6504 (O T EAPSHONEN D pBrgbal
conputer cpnstituted b body 9601, an 15 inmag put unit 9602, a
di spl ay it EEVS%BQC 5%08 Al et EeRs LamEiiRveHeT b t‘gaﬁn@éulap@qedeta to
~the di Isdal e doee\t/tle%%oggescr%ng 1tnOE1\1/1 [jldgtlljcsntl A e?n altlgdelgéo&g{etn% however, the
substrate must have a heat resistance of at least about 700 to 1000°C and, hence,
the quartz substrate 801 is employed.

An insulating film 803 on the germanium-containing crystalline silicon film

802 is formed of a material conraining silicon oxide as a chief component. For
15 example, a silicon oxide film or a silicon nitride oxide film is formed by the plasma
CVD method maintaining a thickness of 50 nm.

The heart treatment is effected in a state where the insulating film 803 is
formed in an aumosphere containing halogen (typically chlorine) and oxygen as
shown in Fig. 11B. In this embodiment, the heat treatment is effected at 950°C for

20 30 minures. The treating temperature may be selected in a range of from 700 to
1100°C, and the treating time can be selected in a range of from 10 minutes to 8
hours.

Due to the heat treatment, an oxide film 804 of about 20 nm is formed on the
interface between the germanium-containing crystalline silicon film 802 and the

25 insulating film 803, and a germanium-containing crvstalline silicon film 803 is
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contained therein. Fig. 21B shows a player using a recording 1%(&%2334
recording a program (hereinafter referred to as recording nedium, which is
constituted by a main body 20 9701, a display device 9702, a speaker unit
9703, a recording nedi ym 9704 noL operation sw tches 9705. This device uses
a DVD (di ¢Praed &%V@ézﬁ %Créﬂi?éi)&ﬁ*’r NESEDIHBUELY @smeatnapiranrtifylan e mevtli ch
the user can enj appreci at.i n? nmusic, novies, or playing games or _

i nrernet . lﬁiﬂ?élf‘ifwﬁ?r\w% ongaiped 4ppghe dastlating dilan 88F ayddavilvesopomiamd t o
various int egr,at ed ci rugt_n ts contai negqt herein. 25 Fig. 31C shows a digital
canera cofOPTHEd chptalingisHigsediilnsdds ia dicspleayodevideeiongoz,a hnlogyepi ece
uni t 9803, operation.swi tches 9804 and a pjcture unit (not 42 9 ~ EC 200
shown) . TREMORRAGTE GFMchFOBEC P IeEa¢iovithdaliiseplaay ey heacadeacamdedo
various integrated circui tﬁ contained therein. Fig. 22A shows a front-type
proj ect’or 1 ’%S%‘ﬂfdﬂ‘%?' 4 %FIHF@%@@OW%QQ thgeride §8T1§@ﬁl agg@he gasariinwent i on
can be applied to the projector 3601 and to other signal 5 control

circuits. Cﬁ%@lﬂ%@ﬁ@ﬁ@e&sﬂﬁ@aﬁlﬁy%@ phejieed throsshshe ahoedpmressimpilas body
3701, a prqj ect or 370§, aiégl rror 3703 and a screen 3704. The invention
canoe appkiled ingerfasdal Pl eEnaity 3B wird fataseblesi gnal control circuits. Fig.
22C is a diagramillustrating structures.of the projectors 3601 and 3702 in
10 Figs. 22A and 22B. The projectors 3601, 3702 are constituted by an

opti cal SryH%t m 3801 of a source of light, mrrors 3802, 3804 to 3806, a

di chroic ?&é’du’%@‘s‘?] a prism3807, a liquid crystal display device 3808, a
phase difference plate 3809 and a projection optical system 3810. The

proj ection optliialeniadimenggials yidodsearupbdobyirgnao M@&FW@?STEE by
inclusive of a projection | ens. Though this enbodi ment shows 15 an exanpl e
of thd0 heeebpningary ybanpplef & [P aal e ppthspe! IR BAk inh conelsinagtaey pl at e
type without being limted thereto. In the optical paths indicated by
arrows i nFEimger ¥ réferenge o figtel 98l ay suitably provide an opti cal
system such as an optical lens, a filmhaving a polarizing function, a film
for adjustinglm i pitsea antadliensidicon fidm qarepining goonmigm B2Dringd andiagr am
illustrating the structure.of the optical system 3801 of the source of

light in Filprrare@01) Ahehissieysdiliemt film henuptingak nsysiiemnsg0i afiy bhe a
source of light is constituted by a reflector 3811) a source of |ight 3812,
| ens arr afeynBgl 3y Ugsw4ps of pobadinzars donvier fdriodtiombnter §815s Andied wbewsi ng

| ens 3816. The optical system of the source of |ight shown in Fig. 22D is
only aa elamstbstraindlls inotgla® pdrtiacul afhy coysillied silhemretibnonbyairfiog
exanple, the user may suitably provid a the optical systemof the source of
i ght wi t Bemmripti salclyyboemedeterasnahsiopfarietahehenslatiod, andisgand-like 2004 a
filmhaving a polarizing function, a filmfor adjusting the phase

di f f er enceeraicoadut Rrflayems 9hong #0Aetre diragrdaned, the invention can be
further applied as a display device to navigation systens as well as to
refrigerat or sA fias hisnbprivedHim@e) isnitdcohavegovensularde film for che TFT, and

is formed mainrtaining a thickness of 30 to 200 nm. The first insulating film 905 is

20 asilicon nitride oxide film tormed of SiH, and N,O or is a silicon nitride oxide film
formed of TEOS and N-O by the plasma CVD method. This embodiment selecrts
the former film formed maintaining a thickness of 75 nm. Further, the first
insulating film 905 may be formed by the method of Embodiment 5.

On the first insulating film 903 are formed gare electrodes 906, 907 of an

t~
N

electrically conducting material containing one or plural kinds of elements selected
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5 fixed tel ephones. Thus, the invention finds a very w de ranpg BEL 2@&%
applications and can be applied to a variety of products. As describe
above, this invention nmakes it possible to obtain a crystalline
sem conductor filmby heat-treating and crystallizing an anorphous
seni condudfemn tfiPFfmJEbrﬁ't”égsﬁ@hgl@llltlmoﬁua‘énamnmidwm@br’mbnem and germani umin
an amount of not smaller than 10 0.1 atom c % but not |arger than 10 atom c
% (pr ef er abl y, Refetringmtteo tigakb B pdioopherusit domtd byahgeon thaimdmationd © %
whi |l e addi ng a netal elenent thereto, wherein an orientation ratio of the
lattice plfare an bPD regomaen theratdlemnchdi 263. Phesplant (BBl ptiands {i16kd}
havi ng an angle of not |arger than 10 degrees with respect to the surface
of the serfiEdAduEt are mmmﬁamuw antlat domngaps.o Toe ddyend avhdicenphdide{ 001 }
is not larger than 3% 15 the |attice plane {001 } having an angle of not
| ar ger  haitablydtageweined; tiercebpeevet che Asstsuphisceragort H0S femeabindisetor
film and an orientation ratio of the lattice plane {111} is not | arger
than 5% tah&he sarpicerdpetandayersi0B 4ndidA will kaveangiveragk cootehmugen offhan 10
degrees with respect tg the surface of the sem conductor film as detected
by the el dct A8n thdckdBatarer A titis avimon, pat tee rloretdued 208und$iigvddkersabove
crystalline sem conductor 20 film it is allowed to forma channel -form ng
regi on of maaskniagainist phospdwsiisthot.is TnpediEmsl theiimputioe rayiys 888 lis fiemed in
sem conductor film having a highly oriented lattice plane { 10l } can be
used for fasHialimiedgnaendve matrix |iquid crystal display devices and EL
di spl ay devices, and for realizing thin filmintegrated circuits to
subst i ﬁ/QJt e foRafSring hatt tarlég ptBduc edsbP0iss hgntederycosmventphoraksist, and
sem conduct or substrates. 44 10 Dec 2004 WHAT IS CLAIIWIED IS: 1. Athin
film trandi demd amimpwidi plipsphoglsdyshs ubstioatre; méthade Mysd al thindoping, the
sem conductor filmover the glass substrate; at |east a channel form ng
regi on i nsecand/istpritymesionnt €O add 81 dhaté hmacenge phosithsid (@arnmwhieneitn an
orientation ratio of a lattice plane {101} of the crystalline sem conductor
filmis néonsdek|l6F tchhn XU%cnt’héllay, the éirglianeu{ 0dgiohaMilngrardanghe 10 of
not larger than 10 degrees with respect to a surface of the crystalline
seni conduetwiconidurtordayariOsmeatdsan that Db ofgien, lattthe seqianen{i0Qd rdaiof t he
crystalline sem conductor filmis not larger than 3% the lattice pl ane
{00l }3haVilAgennms angbescofandairalraregernst han 10 degrees with respect to a
surface of the crystalline sem conductor filmand 15 an orientation ratio
of a lattice phémep{channe}Thl Hheaschystat FignedBemheoh8Us tsdorhid by isnmot
| arger than 5% the lattice plane {111} having an angle of not |arger than
10 degr ees pliathrasespaad the semsuridacecofhythe04iydoadd v Beminconduabes film
wherein the |lattice plane {101 }, {00l } and {111 } are detected by an
el ectron bBdRgcditured ididf §rlacti%mwipatt,as nsabishod; dR0nyber eAnhidlangnyst al | i ne
sem conductor filmconprises gernmaniumat a concentration not smaller than
0.1 atoni ced6bii4 hwmddangbe s¢thapndQcat daviee 904 is2ddA] thdbrbdeih M & amsiust or
conpri si n(I:|: a gl ass substrate; ’

20 1.5 to 3 rimes as much as the phosphorus concentration for being inverted from the

n-type into the p-type, and, hence, has an average concentration of from [.5 x 10°°
21 3 C oy . . . ) .

to 3 x 107 /cm”. Thus, the third impurity region 914 formed in the semiconductor

layer 904 serves as source and drain regions of the p-channel TET 921.

Then, an interlayer-insulating film 915 is formed by a silicon nitride film and

[B]
U

a silicon nitride oxide film formed by the plasma CVD method.  Further, the

impurity elements that are added must be heat-treated at 350 to 500°C for being
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25 a crystalline sem conductor filmover the glass substrate; at |east a
channel formng region in a crystalline sem conductor fil m]l o] gifq’ﬁg
silicon, wherein an orientation ratio of a lattice plane { 1?8 f e
crystalline sem conductor filmis not smaller than 5% the lattice plane {
101 } haviafgivaredanghehett (3o ument isafigetedfant!s: idegiaes imidhingdpedts haos a
surface of the crystalline sem conductor film 45 10 Dec 2004 an

ori ent at i drtenaforvedfloacicatt hydrqgeanmni@okd inahe shzoeoryistidd filmend in the

sem conductor filmis not larger than 3% the lattice plane {00l } having
an angl e oiligaat nitafdgerideh@m 10 agegbe deffwiet inrtbs pemicdnduataunfas 800 fartthe
crystalline sem conductor filmand an orientation ratio of a lattice pl ane
{ 111 } of%h® exgatealthi hedsegrneondutharbs td chbmpessaiotiot drgdefet saim §8% t he
| attice plane {111 } having an angle of not |arger than 10 degrees with
respect? t ceaisenduter afd fhehe frystfatd imeesie ffoondustore binlndrainhdeeirnd¢she
lattice plane { 10l }, {001 } and { 111 } are detected by an el ectron
backscat t étlédird P &é aroforpatltierobimet thedt Fwher ei n the crystal line

sem conductor filin conprises germaniumat a 10 concentration not snaller
4han 0.1 atomi(chasimitforroing aegens tH#n apd 8iDnmie %ornBd Aftthien gbirhamium-
“transistor according to claim11: wherein the crystalline sem conductor film
conpri ses anntziogen cepsthiiae sdicoealtim athieh do highly ratenon] besshet hatics plane
101%/cnB, and oxygen at a concentration less than 15 1 x 1019/cnB. 4. A

t hi n fil mitlldnsSstbichacodriiming mgainahay2gomhereifaetgrepertigs tedhtivae the

sem conductor filmconprises nitrogen and carbon each at a concentration

| ess t Han Grecistlgien@ilmarchvex ygdecradsed defacedensityi on dhessrytadling @rdinX
1019/cxn3. 5. Athin filmtransistor conprising: a glass substrate; a
crystal | i iwudaiicondddt ahe foirysmalbive pat dide glaagismakib st pasihle 25 obtaiheasizha
channel formng region in a crystalline sem conductor film wherein an

ori ent at i dield-atfecc mbbdithatti ce plane {101} of the crystalline sem conductor
filmis not smaller than 20% the lattice plane { 101 } having an angle of
not | arger tharhibdgHabe absvasteps,ribspeistobtanad sUEXE0® tpfe ThHE iorwkicl dhicne
sem conductor film 30 an orientation ratio of a lattice plane {001 } of

t he cryst al-thaendettdoflicar td broHasinebl Ha0ger atchanmB%edt herelladit irca pl ane
{001 } having an angle of not |arger than 10 degrees with respect to a

sur f ace ofcothemeystral hameers effiheondtehne! THIMARGa46n LDD region formed

between the channel-forming region and the drain region, and prevents the
concentration of electric field at the drain terminal. The above CMOS-type TFTs
make it possible to form a liquid crystal display device of the acrive matrix tvpe or
a drive circuit of the EL display device. It is furcher allowable to apply the n-
20 channel TFT or the p-channel TFT to the transistor tor forming pixel portions. It
is further possible to use the transistor as the TFT for realizing a chin film integrated
circuit to substitute for the LSIs that have heretofore been produced by using the

conventional semiconductor substrates.

[Embodiment 7]

25 Mertal elements used for the crystallization are remaining in the crystalline
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10 Dec 2004 an orientation ratio of a lattice plane {111} 3@ ﬂﬁg 2004
crystalline sem conductor filmis not larger than 5% the lattice pl ane
{111} having an angle of not larger than 10 degrees with respect to a
surface of the crystalline sem conductor film wherein the lattice plane {
101 }, {oaGiliorafilin fomad peandimgetediethelodneglleiobdan Embadiksaas tleto 3.
diffraction pattern nethod; wherein the crystalline sem conductor filmis
forned by heiatinypdancamdepdhoish sweilvshdietorvifg tin womprlesiag isilmaomnradded
with a netal elenent, wherein the anorphous sem conductor filmconprises
ger mani umdifferne broe phatatfionbnbteswel |Bre tlramdcdnsatroof @nloding daomekar ger
than 10 atomc % 10 6. A thin filmtransistor conprising: a glass

subst r at e;clemenyby ahd hae semivgondunhahe tirfsoalbuel silitten §lrassrisebbi nddie at

| east a channel forming region in a crystalline sem conductor film 15
wher ei > arthonnemt alenomurtgtustgfas a deateringssigel anem{calQilickordiint henamisg al | i ne
sem conductor filmis not smaller than 5% the |attice plane { 101 havi ng
an angl e afirengets dlamger ot haanicelyicenstilv téh wisshpeld rire sas slenfands afidéhe
crystalline sem conductor film an orientation ratio of a lattice plane
{001 } of themerlysd atill hne sediscahediotidr re?éreficd o FrsnD3AIZBIger than 3% the
| attice plane {001} having an angle of not larger than 10 degrees with
respect to a dumstaceryefallidesiicors filth Iwlieh sehighbndtieted dn ihe @ade an01] is
orientation ratio of a lattice plane {111} of the crystalline sem conductor
filin is mbtaihad gerartyhare 5f He tbehddtdfilebpdianed 11313.} Rbaving atmapgl e of
not larger than 10 degrees with respect to a surface of the crystalline

sem cordu0o0 féedares 25sulbseraet rhavivgs bat tisaRcplcana{{cel Ghd 20§ P nbc@ndn{ 111
} are detected by an el ectron backscatter diffraction pattern method;

wher ei n t hederlysicaihbiilnéng €itinconguesing af ihswlisnd Ghredcbys hBabd BgidRMilm,
anor phous sem conductor filmconprising silicon added with a netal el enent,

wher ei n t biticanotiphtusins emitemnduatide okidefileo(RO$ e . JeEFRALIUR atbsaadlis
concentration not smaller than 0.1 atomc % but not |larger than 10 atomc
% 7. A thised, farkdwbenankirsigr insclaondifitg 209 1ck ahenhe ofd two-layer structure of
a laminate of a first silicon nitride oxide film of a thickness of 50 to 100 nm formed
15 by using SiH,, NH; and N,O as reaction gases and a second silicon nitride oxide film
of a thickness of 100 to 150 nm formed by using SiH, and N,O as reaction gases.
[t is furcher desired to use a single laver of silicon nitride film as an underlying
insulating film 2001. Use of the silicon nitride film exhibits the effect as a blocking
fayer that prevenrs the alkali metal contained in the ¢lass substrare from diffusing
20 into the semiconductor film that will be formed later, as well as the effect of
enhancing the gertering effect in a getrering step that will be etfeceed later. At the
time of gettering, nickel tends to move into a region of a high oxyeen concentration.
Therefore, very great effect is obtained in using the underlying insulating film in
contact with the semiconductor film as the silicon nitride film. It is further

allowable to use a laminated layer structure in which che silicon nitide oxide film

t~J
n

and the silicon nitride film are successively laminated. Or, there may be used a




10 Dec 2004 wherein the crystalline sem conductor filn1conp2ﬁ§%g ni trogen
and carbon each at a concentration less than 5 x 10' $/ cn8, %m at a
concentration less than 1 x 10'9/cnB. 5 8. A thin filmtransistor according
to claim6: wherein the crystalline sem conductor film conprises nitrogen

and car bornheachyatsrauceonrcantiiahias fresdidonatudleo40: #laNthe RRERAXYQEA at a
concentration less than 1 x 10"$/cnB. 10 9. A transistor according to claim

5, wherei mitrhle cedatilgleaent sHasnamie@ncanh bat L RReSIRIY Binhhay. 1 x 101"/ cnB.
10. Atransistor according to claim5, wherein the netal elenent is at

| east one sel e¢hethf £ia0IHIRS 66AMR NERBRIrHIIGoPhed BnftBe ufQerlhe iﬂ?&[’atiﬁh’ Pd,
Gs, Ir, Pt, Cu and Au. 11. A transistor according to claimb, erei i the

crystal | i figmsgnhe@hduct OV hlethbaslod SlRk&OESS il B/ DAREG A ordPub@iihQ0 nm
20 12. A sem conductor device conprising: a glass substrate; a crystalline

sem condugi@hoflj FaNoRWEY bt Be A sallSHRSH ALEibA i Tasbodinfhannel o™ g
region in a crystalline sem conductor film 25 conprising silicon, vbnerel n

an ori ent akjsefllin@tilioRfil@ A0 d FRaPIANSe A AthmOfFid 8 O ystal Ii ne _
sem conductor filmis not smaller than 20% the l'attice plane {101 } having

an angl e 30 48 chi0RB6IRAN, Ofic BRI ROPEIERATIROIRGHERS MrkhrkgsRgct 10~ -

a surface of the crystalline semconductor film an orienfation ratio of a

lattice pkanedi@Odheln! 4 /oy, W LSONGHE ihdzn, i qt rger
than 3% the Ia[tg)y?ti cep g{néne {001%%%1%/%%?%%@ e g?ﬁtrld;%(b%g)?%%rsqi?hggﬁ@S 10

degrees WH,hs isfRebd ioAhS YEi@Em Harkhg Hééb}?ﬁ%%skh e gm&eﬁf&%aﬁmfgé' m and

an orientation ratio of a lattice plane {I11 thé“crystalli

sem cqodugh@ts déﬁo@i‘t@:& oR%he LAHGR ink R AT filhe Zd)@f.tbﬁeth@lsﬁﬁﬁcé ofit t%lu‘ aving

an angl e of not ‘larger than 10 degrees with respect to a surface o he

crystal | i pBr8&M &QRMGEALcdchMin M HEH L UsRBiLRLHIHGE f&h%’[faf &é‘rg ot 01901 3
and {111 } are detected by an el®ectron 10 backscatter diffraction pattern
met hod;  film by using an ozone-containing aqueous solution. The oxide film is then removed
by etching with a mixed solution of hydrofluoric acid and hydrogen peroxide water
to form a clean surface. Then, a very thin oxide film is formed again by the
15  treatment with the ozone-containing aqueous solution. Thereafter, a nickel acetate
solutioﬁ containing 10 ppm of nickel calculated on the basis of weight is applied
onto the whole surface thereof by using a spinner to thereby form a nickel-
containing layer. Next, the heat treatment is effecred at 500°C for one hour to
release hydrogen contained in the germanium-containing amorphous silicon film.
20 Then, the hear treatment is conducted in an annealing furnace at 550°C for 4 hours
to effect the crystallization.
The crystallizarion mav be effected by the irradiation with an intense light from
a l[amp source of light such as halogen lamp, metal halide lamp, xenon arc lamp,
carbon arc lamp, high-pressure sodium lamp or a high-pressure mercury lamp in

place of the heat trearment using the annealing furnace. When the lamyp source of

Q)
wh

light is used, the lamp source of light for heating is mainrained turned on for 60 to
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wherein the crystalline sem conductor film conprises germani Ma@{!}agﬂg%
concentration not smaller than 0.1 atom c % but not |arger than 10 atomc
% 13. A sem conductor device conprising: 15 a glass substrate; a
crystalline sem conductor filmover the glass substrate; at |east a channel
fornmi ng redtbrcondaaet ystiatdbindoserd eolfilueiconds id e enpfiins hn@Gid TR0
wherein an orientation ratio of a lattice plane {101} of the crystalline 20
seni conducdrel, préfemblg andi008@al | er than 5% the lattice plane { 101 } having
an angle of not larger than 5 degrees with respect to a surface of the
crystalline sehhognducianrglidus) silavrotiliendaatthiomng atiaoiindid afkiagiecd @ne
{001 } of the crystalline sem conductor filmis not larger than 3% the
lattice plenein{®Qtrysrdibive ngcanitngDel ebnniing ségemithamZhd@.degrags, W th
respect to a surface of the crystalline seni conductor fil mand an

ori ent af i amckeltieadofo midratd inee apkging Whekd the offgdh@denghabhii®Rich. It is

seni conductor filmis not | ar ger than 5% the lattice pl ane 11f} havi ng an
angl e of nbikrdfafegdesitediiarhadOcldegrees vwohdeesReCin the &re%lﬂbﬁﬁﬁﬁ-c@ﬁtélﬂﬁm
crystalline sem conductor film wherein the lattice plane { 101 }, {001 }
and { 111 dryatdindeiieenefinbf0dhiwek-eed homodlarbackssas ka0 diffraction pattern
nmet hod; wherein the crystalline sem conduct or film conpri ses germanium at a

concentrati on Afitr dredtoet chpedllithibratether, tadidordpated AL08EIdas Al yajon ¢
% 49 10 Dec 2004 14. A seniconductor device according to cl ai mf

wher ei n t henervyd ballkiresabrith andudiarn chhtdneemdissorm 169geph andileaubon
each at a concentration less than 5 x 101$/cn8, and oxygen at a

concent atliydfofl@sigc fdidorFPMXrliRe@bd1Adn of Biyd ARRMCRIHUSREcIEYr6 ide
according to claim13: wherein the crystalline sem conductor” film conpri ses

ni trogen angtetanbpureachedt Wieanteniur@te Med-Bed vhﬁ@'ﬂl@eith%%‘gbﬁmmu@nd
oxygen at a concentration |less than 10 1 x 10~9/cnB. 16. A sem conductor

devi ce comydirsilingtic &i8) RSthesURS daled 18 fAafotatchb kg SONRoRIUEtRMn §idhm over
t he gl ass substrate; 15 at |east a channel form ng region in a crystalline

sem conductoihtédseMghwiRieiche aPoR! laglP &furéof Bého of a lattice plane {101}
of the crystalline “sem conductor filin is not snaller than 20% the lattice

plane { 1 O }Afavingalbnangheliohibal flrdiaethd ﬁﬁﬂ 141 ' BROF @@ Wi LY g8pect
to a surface of the crystalline sem conductor fil O an orientation ratio

of a | g tiiserRt AndcsA0h & 18fcrtiRanc by S8l Hiohe aS%@ﬂ&QBQﬂé‘ét&rh(fﬁd feNfdrhdpot
| arger than 3% the lattice pl ane {OOT havi ng an angle of not |arger than

10 degr eesnipirbdr ffﬁﬁcﬁ?ﬁh[ﬂz@u@nsC[ﬂi‘cﬂﬁ@r%aﬁlhﬁa 'b}é%'haé)éc'uﬁ@r %@(W ondustieE film
and an orientation ratio of a lattice plane of the crystalline

seni condugt @EvElbhgH st ASE 1<L1areg%aﬁ h;@@ ™ of hBe s@édd&ﬁaﬂh@i@@b bt e khiavi ng
an angl e of not Iarger t han 25 degrees with respect to a surface of the

crystal | i ners@mQrdNeyaG iiskbm AW'E?EI?& RraddifidPblhcs 19'[@}{!5@ FERESNER z{1@01 }
and { 111 } are detected by -an electron backscatter diffraction pattern
method;  I[aser beam or light from the lamp source of light for i improving the crystallization,
20 the segregated metal element may be removed or decreased with the erchant
containing hydrofluoric acid. Or, the surface may be flattened by the irradiation
with an intense light from the lamp source of light.

Next, the gettering is effected 1o remove the metal elements contained in the

germanium-containing crystalline silicon film 2002. First, a barrier layer 2003 is

[-J
wn

formed on the crystalline silicon film containing germanium. As the barrier layer

2003, there is formed a porous film which permits the metal element (chiefly nickel
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wherein the crystalline sem conductor filmis formed by heat i $§ BEC g

anor phous' semi conductor film conprising silicon added with a netal enent,
30 wherein the anor phous sem conductor filmconprises germaniumat a
concentration not smaller than 0.1 atonmic %but not larger than 10 atomic
% 50  1QnDegs Q0% tébasftrﬁ@nbmactﬁ@to@&e%ws‘&% tﬁRrﬁ%’:’iﬂcﬁ'd&s rﬁat%m%& the

substrate; a crystalline sem éonductor filmover the glass substrate; at

| east a chaphgl SBRIE{BIMLGQQ'tH@sﬂeBcﬁr&ﬁ%§ﬁ1@|tﬂ @@tt&‘?m %{‘fiﬂg\mh&'th&ué
wherein an orientation ratio of a lattice plafe the crystalline

sem condugligfe, thdrBnh 5 MO seSBY Hd%ﬁlchhélﬂdé ?ﬁmtf&%é@tg}t {HeG Pl ARG 1&9%2 }nﬁh avi ng

an angl e of not | arger than 5 degrees wth respect’to a sur ace 0

crystal i ng,seahgondiet@bxidel fm a5 eyt a{lé ﬂflcff?cta'ngnoeraﬁin"f‘thﬁkfﬁgnﬁk&)net he

{001 } of the crystalline sem conductor mis not larger t

lattices plaBBedRks Jarbiduifng @&r%o%s%or@% il geﬁhtmpl %er@tﬁgsﬁﬁ%ocﬂbt h

respect to a surface of the cry e sem conduct or I'm an

ori ent at | gt B {0 Ghd kAl B PLaNRahedibly dyiale Rin GV, %Jdr?«%f feflp o

sem conductor filin I's not arger the attlce ane

an angl e Qfifotd IAf GehedbAR é%[%e%&eﬁﬁe Wi r%ﬁp‘?&ﬁh tu‘Ptr 1&@{ fﬂ%gl%} ah{ 001 }

crystalli ne sem conduct or fi wherein t e lattice

and {1 | |yehRpEedelnstiadthd n€l ectron backscatter di ffractl on pattern
met hod; whaer el %he crylstacl%!m??;g semi conductor filmis formed by heating an

anor phous Semr@@&dﬂ%mﬁcéddd&&ofm%{ z@(yﬂg Sihb&8R tﬁgﬂsﬁlewmr@o@@tta'mg&e”E”t

wherein the anDrphous sem conduct or m conpri ses ger manl um at

Concentd atj;on J@%erﬁ{mglt@rmt Qaihbge%ieg{tof%ﬁm@l?cu @%Etthﬁggﬁg%%b?‘ﬁ .10T"1’1teom ¢

% 18. sem conduct™or devi ce acc ng to c

crystal | i @@nﬁ 000Dk LML b 8RS0 ghtarnﬁgfgﬂo @bn&r&gc{dlpeof%r&%ﬁrbyaﬁu

concentratlon ess than 5 x 10 /txn3, an ncentrati'on | ess

25 than 1 &%@metﬁgd ByS 5 %9@%9@@ cﬁl%ﬁ%@&%? Hﬂ%@%&g sgugmﬂﬁ

wherein the crystalline sem conduct or m conpri ses troge carbon

each at a Qémentm' %ngaﬁhgcg{oig%p @gﬁ h%gjaggﬁgﬁ res@0 swgeﬁoaﬁmaan

concentrat|on 'ess than evi ce accordln to C

16, 51 preferably, 150 nm. In the subsequent treatment of gettering, nickel tends to

15  migrate into a region having a high oxygen concentration. It is therefore desired
that the semiconductor film 2004 contains oxygen (at a concentration of not lower
than 5 x 10%/cm?’ and, preferably, not lower than 1 x 10"/cm® as measured by the
SIMS analysis) to improve the gettering efficiency. There is further formed a -
semiconductor film containing a rare gas element at a concentracion of 1 x 10%/cm’.

20 The most preferred method of forming the semiconducror film is such that
silicon is used as the target by the sputtering method, and a rare gas is used as the
sputtering gas. According to the sputtering method, the pressure is decreased at the
time of forming the film so that the rare gas is easily trapped in the semiconductor
film. This makes it possible to form a semiconductor film containing the rare gas

25 element at a concentration of 1 x 10710 5 x 10 /cm’ and, preferably, 1 x [0t 1

2 3
x 107 /cm”.
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10 Dec 2004 wherein the netal elenent has a concentration an 1 x
101~/ cnB. 21. A device according to claiml| 6, wherein the ﬁmﬁgeﬁﬂ@?@ i's
at | east one selected fromthe group consisting of 5 Fe, Co, N,

Pd, Gs, Ir, Pt, Cu and Au. 22. A device according to claim 16, mhereln the

cryst al line 53%@9%%%%[61‘3&[‘16 LQOH@%r lﬁrP Igllﬁﬂ?éisth'oguﬂe @&Q@ﬁo‘ﬁ{ }-%OI\EOAJI’OO m.

10 23. A transistor according to claim wherein_t sta

d o I Ll
Shan K3 lapkd KB SOBB iAfRrify T AonPhAEDL 1fth B SRR GO OMETRIST

crystal | ngeaamheendugt okchid LA HmL|ISeedR f@m@@@h SRR SO

fromthe group consisting o and Au.

25. A trang éﬁélg{ RAERY ﬁungﬁic% SBHD . @%o%%ﬁt ghguﬁigg&% hg%m s

sem conduct or I ckness Tn a range o

transi sgor wﬁ?wlor Qh@%plgr%vﬁ [ Wf‘éwgz?t%{ﬁuﬁl@?agﬁ&ﬁﬁgldl\é NG $EM.oNdy 1t10r film

conprises hydrogen ogen fent ransi sf’or according to

claim 2, whereint he ginsi@ Iln'uﬂfie%? v%%%lﬂl(f n%%gggf L’k\_DtlgE Bl

el enent at '‘a concentration sma ransi‘st or

accordi ng ﬁﬁhck?f’ﬁé’@r&ratmerg Be LG ré@&%@eﬂﬁccﬁ%ﬂc?&ngﬂqt OrTIfI l CO (i ses

at | east a et el enment sel ecte roup consi st ing O . N,
Ru, Rh, Pdthrgﬁghﬂﬁt’ is E)Ltmlq%{yqﬂl%ré%d g@mpared with the gettering using phosphorus.

In addition to the rare gas element, there may be further added one or plural

10 kinds of elements selected from H, H,, O, O,, P and B. Upon adding plural kinds

of elements, the gettering effect is obtained in a synergistic way.

Thereafter, the gettering is effected by the heat treatment or by being
irradiated with an intense light from a lamp source of light. When the gettering is
to be effected by the heat treatment, the heat treatment may be execured in a
nitrogen atmosphere at 450 to 800°C for 1 to 24 hours, for example, at 5300°C for
4 hours. Further, when the gettering is to be effected by the irradiation with an
intense light from a lamp source of light, the lamp source of light for heating is
maintained turned on for 120 to 300 seconds and, preferably, for 180 seconds to
conduct the heat treatment at 650 to 750°C.

20 Due to the gettering, nickel migrates in the direction of arrows (vertical
direction) in Fig. 23D whereby the metal elements are removed from the
germanium’containing crystalline silicon film 2002 covered by the barrier laver 2003
or the concentration of the metal element decreases. Compared to the gettering
using phosphorus, the gettering by the addition of a rare gas clement is very

25 effective, enabling the addition to be effected at a hich concentration, e.o., 1 x 107

- 3 ' : - ;
to 5 x 107 /em”, and, hence, enabling the meral element to be added in an increased
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10 Dec 2004 29. A transistor according to claim2, wherein ﬁl@eﬂgﬁyzﬂw l i ne
sem conductor filmhas a thickness in a range of 20 to 100 nm. 5.30. A
transi stor according to claim2, wherein the crystalline sem conductor film
conpri ses hydrogen or a halogen elenment. 10 31. A transistor according to

claim 3, whgnfitTol BReGlss ald d@@caﬁﬁﬁ!x&&”% ufpbh' ﬁ&%{%ltﬁ@%lﬁmﬁﬁt&*

el ement at a concentration smaller than X A transi stor

according aﬁgltﬁir@bM@m Jiﬁille%l hd &?u%[ }Qﬁﬁéhl ﬂHlecr?%mlﬁQﬂ?(%'EﬁrQ be bbb

conprises at |least a metal elenment selected from the group consi'sting of

Fe, Co, Nin R shBdsenS, erod &F rinfd @@Hexﬁ‘tﬂle %§n¥ ’?ﬁnt E@Egﬂsﬁéﬁoﬁaﬁq{?{td' ng

to claim 3, wherein the crysta | 1 ne sem conduct or ckness in

a range of 1390&9 Q020 [ e i Sk atft {dd BDgh Siﬁ@ﬁa%ﬁfzé?ﬁh@hﬂg ntmﬂqght”‘:pg%s%nlg \prer ein

the crystallinhe seni conduct or m conpri ses drogen or a hafogen el enent.

25 35. A 13RS mrr tRE @&ﬁghﬁﬁﬂuﬁeofo? Icﬁ'sfﬁlﬁzat%er@b&l LAGiG hetallad Q[%1m1n|t

sem conductor film conpri ses a net al’ el enent COﬂC@ﬂt ration snm

than | x 10%r #ieasd adbud (bF 308 cHMILARKAT %ﬂaef L@ R Apo Bl 80! ne

crystalline sem conductor tilmconprises at |east a net enent I'ect ed

f5€gom ageDggﬁé’rBt&PH? U8t /A8 PhmbentCond N is didweRto Bm Favdrible Bryscingnd Au.

semiconductor film.
After the above gettering freatment, the gettering site 2005 which is the
10 semiconductor film is selectively removed by etching. The etching method may be
dry etching using CIF, but not using plasma, or wer etching using an alkali solution
such as an aqueous solution containing hydrazine or tetraethylammonium hydroxide
(chemical formula, (CH;) NOH)). Here, the barrier layer 2003 works as an etching
stopper. The barrier layer 2003 may then be removed with hydrofluoric acid.
] Thereafter, the germanium-containing crystalline silicon film is etched into a
desired shape to form a semiconductor layer 2006 isolated like an island (Fig. 23E).
Figs. 24 A and 24B show the results of measuring the concentration of a mertal
element (nickel here) before and after the gertering treatment (byv the total
reflection X-ray fluorescence spectroscopy (TXRF)). As shown in Fig. 24B, the
20 TXREF is a measuring method according to which an X-ray beam is permitted to be
incident on the surface of the film at a very shallow angle to detect the X-ray
fluorescence emitted by impurities such as metal elements. The TXRF gives data
chiefly from a depth of 3 to 5 nm from the surface, and makes it further possible to
estimate the concentration of nickel remaining in the crystalline silicon film. The
25  sensitivity of detecrion is nearly 10%cm®,

In Fig. 24A, the ordinare represents the concentration of nickel. The data of
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37. A transistor according to claim4, wherein the crystalli EC 200
sem conductor filmhas a thickness in a range of 20 to 100 nga % %Szﬂi .
transistor according to claimd4, wherein the crystalline sem conductor film
conprises hydrogen or a halogen elenent. 39. A transistor according to

claim5, 1%@%{15&&?&3@&fg\é%@atéﬂi@@t@ﬁmlgm gﬁ]ag f\,sﬂu@mfﬂojﬁ@rrggégﬁgg”

or a hal ogen el enent. 40 ransistor accor o cla

i Q. : : ~/cnB. (15.41.
T 5 oIl aH A SRS BIBLLER A0Sk AL NP AR il one

transi stor according to c alrmo, ereint _
sel ected f '(/9@@%2{?01% QURICANSI81HRY @k FRe n@kell g%){r}%%&%ﬁg} étlf gl‘ut %’%’sta{[[ihe P,

Cu and Au. 20 transistor according to c AR 100
crystalling,. ' ctog fi ajthickn in.a range ). L 0 nm
357t rangy SR OPAGEERT A o 1A TP ER O DL RESu TRl ARG s 168

Se m con @U c E’@tﬁie Ifullclf %QQHB{(‘ %@%ﬂ& \%ﬁg@ngg tlt%ﬁgglﬁlg[gggng lflgﬁrj?gnr%tt t‘ﬁg‘éé‘&@“res of

transi stor“according to claim rein

coneentrat 430 SHRlIRI0-ENR e @i ThaER (ch e Wi AU EROTRINE, L0

claim7, wherein the neta I's a east one s roup

consi sti ngcQhcdilracfdd is Mwe R mBb inhthe &Be of 500k, Cu and Au. 54 .

The germanium-containing crystalline silicon film obtained in this
embodiment is highly oriented on the plane [101] and conrains metal elements at
10 concentrations thart are sufficiently low in the film, and makes it possible to lower

the off current in the TFT characteristics.

[Embodiment 8]
The semiconductor device of this invention can be applied to the circuits to
substitute for the display devices and integrared circuits of a variety of electronic
15 devices and to substitute for the conventional integrated circuits. Such
semiconductor devices include porrable data terminals (electronic notebook, mobile
computer, cell phone, etc.), video camera, still camera, personal computer, TV and
projector. Their examples are shown in Figs. 20A to 22D.
Fig. 20A shows a cell phone which comprises a display panel 2701, an
20 operation panel 2702 and a connection portion 2703, the displav panel 2701
including a display device 2704, a voice output unit 2705 and an antenna 2709.
The operation panel 2702 includes operation keys 2706, a power source switch
2707, a voice input unit 2708, etc. This inventdion forms the display device 2704.
Fig. 20B shows a video camera which comprises a main body 9101, a display

15 device 9102, a voice input unit 9103, operation switches 9104, a barrery 9105 and
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10 Dec 2004 46. A transistor according to claim7, wherein thq %r&ﬁ ?QM ne
sem conductor filmhas a thickness in a range of 20 to 100 mm. :

transi stor according to claim7, wherein the crystalline sem conductor film
conprises hydrogen or a hal ogen elenent. 10 48. A transistor according to

cl aim 8, wheteira uhled 1. al heherenionhas Be soslcenty @kl R sadJies othan | x
101~/ cnB. 49. A transistor according to claim8, wherein the netal el enent

is at |east oy sEd@ched st 1 anvtile corpupeconsi sdiciifle Afacd Seh8indPavhith, isRU,
Rh, Pd, Gs, Ir, Pt, Cu and Au. 50. A transistor according to claimS8,

wher ei n t henstitysedby i neis boil eI atcamets LMc9a82 & pibh Gk nasS 208, ﬁptﬁ@ﬂgﬁ of 20

to 100 nm 20 51. A transistor according to claim8, wherein the

crystal | i geiished €204duaidn Hishiap ¢angy 9965, hytkogen-okd@ halrega sf engnt. 25
52. A device according to claim 12, wherein the crystalline sem conductor

film conpineesion oet b apbl%@ﬁitlﬁtdiﬁ)lﬁfﬂéﬁﬂé vapson smaller than 1 x
101~/ cnB. 53. A device according to claim12, 30 wherein the crystalline

sem conduct or Fid. 120 Qhpw SE€FVateckRas bodsdmtal belemait heg egdbed, kholR.the
group consisting of Fe, Co, Ni, Ru, Rh, Pd, Gs, Ir, Pt, Cu and Au. 54. A
devi ce ac90d] ndisbRyedidd M3, BIeceiver unit 9404 and an amplifier unit $4G5. The
invention can be applied to the display device 9403.
Fig. 20E shows a portable notebook constituted by a main body 9501, display
10 devices 9503, a storage medium 9504, operation switches 9505 and an antenna
9506, which is used for displaying data stored in a mini-disk (MD) or in a DVD and
for displaying data received by the antenna. The invention can be applied to the
display devices 9503 and to the storage medium 9504.
Fig. 21A shows a personal computer constituted by a main body 9601, an
15 image inpurt unit 9602, a display device 9603 and a keyboard 9604. The invention
can be applied to the display device 9603 and to various integrared circuits
contained therein.
Fig. 21B shows a player using a recording medium recording a program
(hereinafter referred to as recording medium), which is constityted by a main body
20 9701, a display device 9702, a speaker unit 9703, a recording medium 9704 and
operation switches 9705. This device uses a DVD (digital versatile disc) or a CD
as a recording medium, with which the user can enjoy appreciating music, movies,
or playing games or internet. The invention can be applied to the display device

9702 and to various integrated circuits contained therein.

t~J
i

Fig. 21C shows a digital camera constituted by a main body 9801, a displav

device 9802, an evepiece unit 9803, operation switches 9804 and a picture unit (not

12




10 Dec 2004 wherein the crystalline sem conductor filin has agbmﬂgtgﬁﬁ
a range of 20 to 100 nm 55. A device according to claim12, the
crystalline sem conductor filin conprises hydrogen or a hal ogen el enent.
56. A device according to claim 13, wherein the crystalline sem conductor

film conpeises) aTrhetiale@lisneah tﬁtap?piéa (BARE I AL QR STBH} @ﬁd&B%ﬁbﬁ
101~/ cnB. 57. A device according to claim 13, wherein the crystalline

sem condugd@brakdd thcﬁmgﬁtggﬁdatql&tqgst a netal elenent selected fromthe
group consisting of Fe, Co, N\, Ru, Rh, Pd, Gs, Ir, Pt, Cu and Au. 15 58. A

devi ce accor dEpg oo, %&w& ¥§3nt\é\gﬁé %kc?eéﬁa@ ceﬁM&ha!d wff ] RELERMHGtL £i 1 m

has a thickness in a range of evi ce according to
claim 13, suhgh g6 Hrrﬁt ﬁ{\yé{tﬁh{dqﬁm 1&@&si&f‘ct&&]&tdus%oq%ﬂ&b%ﬂiﬁm{a@gen or
a hal ogen el enent. A device according to claimi4, 25 whereinthe
crystagl|g§n§@p1§aﬂgyctor filmconprises a netal element at a concentration
smaller than 1 x 10" ~/cnB. 61. A device according to claim14, wherein the

crystal line sef conductof of id.m %g¢}§§§r%gokﬁﬁﬁéd TP Rhin S A0 R

sel ected from tthe group consi st

| Cu and Aup,§éeof398Y1 £RiABE 705 B8d LAchled! 7044 THROnve doesn 28 Uplied to

Pt,

the projector 3702 and other signal control circuits.
Fig. 22C is a diagram illustrating structures of the projectors 3601 and 3702 in

10 Figs. 22A and 22B. The projectors 3601, 3702 are constituted by an optical system
3801 of a source of light, mirrors 3802, 3804 to 3806, a dichroic mirror 3803, a
prism 3807, a liquid crystal display device 3808, a phase difference plate 3809 and
a projection optical system 3810. The projection optical system 3810 is constituted
by an optical system inclusive of a projection lens. Though this embodiment shows

15 an example of the three-plate type, there may be employed the one of the single-
plate type without being limited thereto. In the optical pachs indicated by arrows
in Fig. 22C, further, the user may suitably provide an optical system such as an
optical lens, a film having a polarizing function, a film for adjusting the phase
difference or an IR film.

20 Fig. 22D is adiagram illustrating the structure of the optiéal system 3801 of the
source of light in Fig. 22C. In chis embodiment, the optical system 3801 of the
source of light is constituted by a reflector 3811, a source of light 3812, lens arrays
3813, 3814, a polarizer/converter element 3815 and a tocusing lens 3816, The

optical system of the source of licht shown in Fig. 22D is only an example, and is not

[~
n

particularly limited therero only. For example, the user mav suitably provide the

optical system of the source of light with an optical system such as an optical lens,
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wherein, the crystalline senm conductor filmhas a thickness in %m f 20
to 100 mm. 63. A device according to claim14, 5 wherein the crys al ﬂ

sem conductor filmconprises hydrogen or a hal ogen el enent. 64. A deVIce
according to claim15, wherein the crystalline sem conductor film conprises
a nmetal elenment at a 10 concentration smaller than 1 x 101~/cnB8. 65. A

devi ce according to claim 15, wherein the crystalline sem conductor film

conprises ai fll@agdvimy mpb&hzﬂl|gefﬂﬁéﬂon5§|fﬂﬁlt £ dhRih A PRANRLISARSISS! AP of
Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au. 15 66. A device according to

cl aim 15, whbRein the crystalllne sem conductor filmhas a thickness in a

range of 20 to 1 evi ce..accor to c ein the
crystalline sen1ggﬁgﬁkpggmgrnﬁ@bgmlnw?ggnﬁ € §§WEBWHQEH§F83€W ‘%Wgﬁﬁo 68.
A devi ce acapsighting syQe@k at Wellbas t8 56%@5&@%@ v&eﬂﬁmgrrﬁ&ﬂﬁ{e!s' PSRN CORAY GhOT
f|In1cog?r|ses h% rogen or a hal ogen el enent A device according to

P

claim1 horesndibys, the wvertonhinds & veonwade 1angs ohapphightians anfaan be x

10" ~/cnB. 3 ing to claim 17, wherein the netal el enent
is at |east Ygduf?9£¥%g8¥ %Sgtﬁe group consisting of Fe, Co, N, Ru, Rh,

Pd, Gs, Ir, Pt, & dasetibdd. ath¥e, this invention makes it possible to obtain a crystalline
| semiconductor film by heat-treating and crystallizing an amorphous semiconductor film
containing silicon as a main component and germanium in an amount of not smaller than
10 0.1 atomic % but not larger than 10 atomic % (preferably, not smaller than 1 atomic %
but not larger than 5 atomic %) while adding a metal élement thereto, wherein an
orientation ratio of the lattice plane {101} is not smaller than 20%, the lattice plane {101}
having an angle of not larger than 10 degrees with respect to the surface of the
semiconductor film, an orientation ratio of the lattice pléne {001} is not larger than 3%,
15 the lattice plane {001} having an angle of not larger than 10 degrees with respect to the
surface of the semiconductor film, and an orientation ratio of the lattice plane {111} is
not larger than 5%, the lattice plane {111} having an angle of not larger than 10 degrees
with respect to the surface of the semiconductor film as detected by the electron
backscatter diffraction pattern method. By using the above crystalline semiconductor

20 film, it is allowed to form a channel-forming region of a thin film transistor.
The TFTs using the crystalline semiconductor film having a highly oriented lattice
. plane {101} can be used for fabricating active matrix liquid crystal display devices and
EL display devices, and for realizing thin film integrated circuits to substitute for LSls

that are produced by using the conventional semiconductor substrates.
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10 Dec 2004 71. A device according to claim117, wherein the crystalline

sem conductor filmhas a thickness in a range of 20 to 100 mm. 5 72. A

devi ce according to claim 17, wherein the crystalline sem conductor filin
conprises hydrogen or a halogen elenent. 10 73. A device according to claim
18, wherein the netal elenent has a concentration smaller than 1 x

101' /cnB. 74. A device according to claim 18, wherein the n¥ti88c20%nent is
at | east one selected fromthe group consisting of 15 Fe, Co, N, Ru, Rh,

Pd, GCs, | ., 75. A device according to claim 18, wherein the
crystalli{NHﬂisgﬂ “filmhas a thickness in a range of 20 to 100 nm

20 76. A device according to claim 18, wherein the crystalline

sem conductor film ri.ses, hydrogen or .a hal ogen el enent. 25 77. A device
according to cf'ai még%v\ﬁzyetﬁ{x{%oé TP ement has a concentration

smal | er than lagladubstxate;, 78. A device according to claim19, wherein the

net al §I enent is tallj east . on elected fromthe group consisting of 30 Fe,
Co, N° Ru, Rh?crﬁ%, 1BE SepeongclofdifuLeNer Mg glass SUpSUELs; ce according to claim
19, 58 at least a channel forming region in a crystalline semiconductor film

comprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 20%, the lattice plane {101} having an angle
10 of not larger than 10 degrees with respect to a surface of the crystalline semiconductor
film,
an orientation ratio of a lattice plane {001} of the crystalline semiconductor
film is not larger than 3%, the lattice plane {001} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film and
15 an orientation ratio of a lattice plane {111} of the crystalline semiconductor
film is not larger than 5%, the lattice plane {111} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film; }
wherein the lattice plane {101}, {001} and {111} arc detected by an electron
backscatter diffraction pattern method;
20 wherein the crystalline semiconductor film comprises germanium at a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

2. A thin film transistor comprising:
a glass substrate;
25 a crystalline semiconductor film over the glass substrate;
at least a channel forming region in a crystalline semiconductor film
comprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 5%, the lattice plane {101} having an angle of

30 not larger than 5 degrees with respect to a surface of the crystalline semiconductor
film,
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10 Dec 2004 wherein the crystalline sem conductor filmhas a thickness in a
range of 20 to 100 nmm. 80. A device according to claim19, 5 wherein the
crystalline sem conductor filmconprises hydrogen or a hal ogen el enent. 81.
A device according to claim 12, wherein the sem conductor device conprises
one selected fromthe group 10 consisting of a cell phone, a video canera,
a nobile conputer, a portable data termnal, a TV recei ver,maD‘iib?f 4bl e

not ebook, a personal conputer, a player using a recording nmedi umrecordi ng

a program a d Lont - r tor a _rear

proj ect or . Aégogl%ltzggo\%ngag%a%@ao; AP lf%epg?@i }né ]ﬁ Z"irdgp% S?Iﬂlgog‘é’#ocfonduct or
devi ce coﬂbm lSSl&E lm'gerl theh 824, ¢lak ]fattmm;ilzhie @gi})phzﬁﬂg\snahglagafﬁbt darged thaphone, a
bor tabi o KbpepBmentkreses O disSisaariart e Pl i iR nged di ng- medi um
recor di ng a praigcsrmiitat@ndt@btcﬂ‘la Iawiﬂ%rpﬂanea{fl’ 1QNbf §510ine eéicordifbtct

rear-t roj.ect or devi ce according to claim 14, wherein the
sem ¢ E&‘bi‘ \}prcggr g’é‘ﬂér’fh '@E Hhiee B@P‘é&!@g having amangle efipotdarest §ianng of a

cel | phonmd@gryésdﬂqlfeaﬁma)aazrfaeelomecc@mhﬁésenﬁcmukt%ﬁakiﬁndata termnal, a
25 TV receiver,_ a portable no {)er sonal nputer, a player using a

recordi ng nedi Wheteacbe dathier Hlaﬁ? dé‘P]a}m{Oﬁ Jopmgt {b]ll}cﬂéi%éﬁf&ﬁeé byragrrlcatsppe

pr oj ectorbﬁgkghaﬁelrgfﬁa&mg%aﬁéﬂjr@&ﬁ&{ 84. A device according to claim15, 30
wherein the sen conductor device conprises one selected fromthe group

consi sting of whesein thehowgstalingi sheeicendvstoa, fitm nogsiprises o gerotasium aatper t abl e
data {@r i dbntrdtion Yiof ﬁﬁﬁ'lf%gﬁan @1 BRIHiBY) By iRk £ROGna P PEERRNG] cOMPULer, 2

pl ayer using a recordin mrecor |ng a program a
digital canera, a front-type projector and a rear-type projector. 85. A

devi ce accordifuig to i conductor device conprises
one sel ected f3‘r1om t%glgﬁgﬁ&é“%%‘%"gté’fég O%m % algéin phone, a video canera, a

nobi | e conput ewhermnpﬂret atybtellohat amlecmmmk film EEanﬁsneiMﬁbgera apd rdaetione

not ebook, _a, personal , conput e ye u5| n ordi ng medi um.recordi ng
a progr anfal g?ﬁf’?‘é@“@%ﬁﬁﬁs {hﬁ“?’r’gmﬁ %I‘a wREe raF‘@BIrlesP
proj etd or1 x10Y¥&mn>, A devi ce according to cI al m 17

4. A thin film transistor according to claim 2:
wherein the crystalline semiconductor film comprises nitrogen and carbon
each at a concentration less than 5 x 10'%cm’, and oxygen at a concentration less than
20 1x10%/cn?’,

5. A thin film transistor comprisihg:
a glass substrate;
a crystalline semiconductor film over the glass substrate;
25 at least a channel forming region in a crystalline semiconductor film,
wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 20%, the lattice plane {101} having an angle
of not larger than 10 degrees with respect to a surface of the crystalline semiconductor
film,
30 an orientation ratio of a lattice plane {001} of the crystalline semiconductor
film is not larger than 3%, the lattice plane {001} having an angle of not larger than

10 degrees with respect to a surface of the crystalline semiconductor film and
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wherein the sem conductor device conprises one selected fromthe group
consisting of a cell phone, a video canera, a nobile conputer, a portable
data termnal, a TV receiver, a portable notebook, a personal conmputer, a
pl ayer using a recording 15 nediumrecording a program a digital canmera, a
front-type projector and a rear-type projector. 87. A devi ce according to
claim 18, wherein the sem conductor device conprises one selPHaP% r om t he
group 20 consisting of a cell phone, a video canera a nobile conmputer, a
portabl e data te e r e no ook a onal
conputer, a pI%lyBeI?anqu@drﬁlglaaggr et{:ao?agmegplﬁ%%h{?% r'ec Pcf%gﬁ WS YayF 31%1%0 di gi t al
carer a, afilm onottlynger manji%,tthe latick planeat}lt}y}mmgrm aloof nddaker thindevi ce

accordi ng 19 rein.the m c uct or, vi ce_conprises one

sel ected dgerﬁr?fﬁ; nﬂ}f %ecﬁgon%ngfaicﬁ@fﬁ'F C&’Sgagtj ﬁ@%“ﬁoﬁfﬁ'@’o canera, a

mobi | e corrput ewherainfthe ﬂz&ﬁd:eepldﬁé 410Ky, {00B) anda{ﬂi\r} ra€ Qété€ted b ap@ldodiBh e

not eb Eerso(?g{_lr nput er, ahquayer using a recording nmedi um recording
a p_rogan]? ck ach F‘téeménq‘t t-type projector and a rear- type 30
proj ector. 89. Wl'?erélhltﬂe f:fylsmtrreas@ﬁﬁ&)haﬁcta@ﬁmﬁ 1] ﬂaﬂn&cpbﬁh@dﬁi‘i%]an aymg t he
gl ass substrate i n alkali-free glass substrate 004 90. A

thin fil nsegr}lgqu,ugtpg)% il comprising silisor pddadh with mﬁ@ﬁaéle}?meﬁb gl ass substrate is
on ol kal I 1 ecwakape uetlipinphts Sduichdled RTRAfoRS: oL8inaRee dl 00 Lo

claim5, wherein the glass substrate 1s 5 an ass substrate.
92. A t hi poeentiation aeksmallar thancdbl aiomjc Vobuinst hmr tlmelr(batnmm% gl ass
substypte is an al kali-&ee glass substrate. 10 93. A thin filmtransistor
according to claim 12, wherein the glass substrate is an al kali-free gl ass
substrate. 94.6.A t A this filinfransistos cemprisiag:cor di ng to claim13, wherein the
gl ass substratg, h&ﬁg plhkali-free glass substrate. 15 95. A thin filin
transi stor accordi ng 0 Claim 16, wherein the glass substrate is an
alkali-free glmystsllhbsswmicendlﬁﬁor At dvien tHel dlasstsulsstiatest or according to claim

17, wherein t ha? 1&% £ ehani blsftorrn{illlng régsion in a crystalline semiconductor film,
15 wherein an orientation ratio of a lattice plane {101} of the crystalline

semiconductor film is not smaller than 5%, the lattice plane {101} having an angle of
not larger than 5 degrees with respect to a surface of the crystalline semiconductor
film,
an orientation ratio of a lattice plane {001} of the crystalline semiconductor
20  film is not larger than 3%, the lattice plane {001} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film and
an orientation ratio of a lattice plané {111} of the crystalline semiconductor
film is not larger than 5%, the lattice plane {111} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film;
25 wherein the lattice plane {101}, {001} and {111} are detected by an electron
backscatter diffraction pattern method;
wherein the crystalline semiconductor film is formed by heating an amorphous
semiconductor film comprising silicon added with a metal element,
wherein the amorphous semiconductor film comprises germanium at a

30  concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

7. A thin film transistor according to claim 5:
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20 an al kali-free glass substrate. 97. Athin filmtransistor according to
claim1, wherein the glass substrate is selected froman al um na
borosilicate glass and a barium borosilicate glass. 25 98. Athin film
transi stor according to claim2, wherein the glass substrate is selected
froman alum na borosilicate glass and a bariumborosilicate glass. 99. A
thin filmtransistor according to claimb5, wherein the gl aslé flate is
selected froman alum na borosilicate glass and a barium borosilicate

glass. 30 100. A thin fil mltl.ransi st or acc?ﬁ;di ng to claim G,Qé\ﬁer in the

gl ass subst r at B8NS By Egling ericpndpetay dUmyomrases duiresey caR8a barium

bor osi | i cedch agh @68cenftftion Wsd fhiaf 574 101 /EmBARSH Dk PEentd @VOHERMEration Fs@ihih 12,
wherein the lglg?s% substrate is 35 selected froman alum na borosilicate
a

gl ass and* & G™ym borosilicate glass. 61 10 Dec 2004 102. A thin film

transi stor according to claim 13, wherein the glass substrate is selected
froman al um na borosilicate glass and a barium borosilicate glass. 5 103.
A thirPfilmtr&nsi st 8Hn fikmdreassigr aesording fa deim Gherei n the gl ass substrate

is selected fr ; (f el bar0sy: ki S ]ﬁ@qs i r.osi.l.i cate
gl ass. 104. A‘?]riﬁrﬁiﬂfi Ibm lerlllglgssggirlédélgg%trg{j?ir@ ;é% Ié??nl? ?%éﬁ%lg(?&g%b%he gl ass

subst r at eedch atacergentratiorolessathan b wni hicho rod ok gent 2 agloasmtration kespthanum

borosilicpiqosaes. 10 105. A method for manufacturing a sem conductor
devi ce conprising: fornming a blocking |ayer over a glass substrate; formng
an anor phous sem conductor film containing gernmani umover the bl ocking

| ayer;n 15 applyi ng Ut on nt ai ni.ng. ni ckel over the anorphous
Ssen C%OHdUCt or %(i I mﬁg%(géléf&l accox%‘i)ngf'ci)clalmgS,

wherein the metal element has a concentration smaller than 1 x 10"/cm?.

10. A transistor according to claim 5,

wherein the metal element is at least one selected from the group consisting of
15 Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

11. A transistor according to claim 5,
wherein the crystalline semiconductor film has a thickness in a range of 20 to
160 nm.

20

12. A semiconductor device comprising:

a glasé substrate; |

a crystalline semiconductor film over the glass substrate;

at least a channel forming region in a crystalline semiconductor film
25 comprising silicon,

wherein an orientation ratio of a lattice plane {101} of the crystalline

semiconductor film is not smaller than 20%, the lattice plane {101} having an angle

30
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crystallizing the anorphous sem conductor filmto a crystalline

sem conductor film wherein an orientation ratio of a lattice plane {Il01}
of the crystalline 20 sem conductor filin is not smaller than 20% the
lattice plane { 101 } having an angle of not larger than 10 degrees with
respect to a surface of the crystalline sem conductor film an orientation
ratio of a lattice plane {001 } of the crystalline sem cond@d?ex2008 | mis
not larger than 3% the lattice plane {001} having an angle of not |arger

than 10 degrees with respect to a surface of the crystalline senjconductor
1T n andS BEOGIaer dhih [regiies oWah Hopet s 0 SHERE ot 116h0) capol e

crystal | i fgnictive@adugr or fi l m Is not larger than 5% the |lattice plane {
111 } having an angl e, of not larger than 10 de rees with respect to a

surface of theMcPEtation;ialo 9&% s {9913 Wﬁtﬂllﬂﬁé@%@@d"&@fpl ane {
101 }, {Offn}s ﬁé’t%ﬂgeﬂ-ﬂlﬁanb"/@rtﬁe qleﬁﬁ@&f)l‘é‘ﬂe ?UOI%%aQ/lirfgcﬁrf RAL1OBE RSB deE than
diffraction pattern nmeth wherein the ‘crystalline semconductor filin

conpr i S esQdegreasivith @ﬁp%t Ebh%lﬁfﬂcﬁaf thererystallispeanieendulion fibm andt ori ¢ % but
not |larger thap &%n?attﬂﬁ‘ Fatil of 10 Battide oﬂ%érjrgﬂl chﬁ)@n st&lﬂf%%%ﬁbn%%éo Wher e' n

the netal elenent has a concentrati
Dec 2004 filyyis gotdenghothan Sortle tajticoplerai{ M 10mvingher aigle bfisottetgat thahement i's
o, POt foGge SRl L R RE Y MeCONRIRhY AbiBlndufror By OL- 0 B P

ccordrn aimto05, wherelnthe
cryst aI l'ine sewhaemdbe faticd plane {baig, {001 mid\{alslsl}lane deteend®yain 2etioa 100 M.

10 10 ordln to.cl | 05, wherein the crystalline
sem cﬁondﬁba?ﬁgcaﬁgﬁ m C%Ctlon gté (ﬁ% en or a hal ogen el enent. 110. A nethod
according to C\keramlﬁ)Ee cm:nlhnél tchdicgldas®r Sihat t@ahprides gé@mahitmhiat a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

13. A semiconductor device comprising:
15 a glass substrate;
a crystalline semiconductor film over the glass substrate;
at least a channel forming region in a crystalline semiconductor film
comprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline
20  semiconductor film is not smaller than 5%, the lattice plane {101} having an angle of
not larger than 5 degrees with respect to a surface of the crystalline semiconductor
film, |
an orientation ratio of a lattice plane {001} of the crystalline semiconductor
film is not larger than 3%, the lattice plane {001} having an angle of not larger than
25 10 degrees with respect to a surface of the crystalline semiconductor film and
an orientation ratio of a lattice plane {111} of the crystalline semiconductor
film is not larger than 5%, the lattice plane {111} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film;
wherein the lattice plane {101}, {001} and {111} are detected by an electron
30 backscatter diffraction pattern method;
wherein the crystalline semiconductor film comprises germanium at a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.
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15 free gl ass substrate. 111. A method according to claim105, wherein the
gl ass substrate is selected froman alum na borosilicate glass and a barium
borosilicate glass. 20 112. A nethod according to claim105, wherein an
anor phous seni conductor filin containing germaniumis fornmed by a neans
selected froma plasma CVD, an ion injection nmethod and an ion-doping

met hod. 113. A method for manufacturing a seniconductor deviodecc®8pri sing:
25 form ng a blocking | ayer over a glass substrate; form ng an anor phous
sem conductor filmcontaining germani umover the blocking |ayer; applying a
sol ution containing nickel over the anmorphous sem conductor film and 30

crystallizing I4he axr@g@la@mc&ﬁmemeqmghgfw Llafin 12 @ crystalline
sen conduct or f ?3 10, Dec 2004 wherein an orientation ratio of a

lattice plane ‘f eofrystaling rspateandpeer Jdmi RRKIRSE JHirpgNNARE CABONS Al | er

than 5% &RB at beﬁc‘éﬁtrﬁluﬁﬂ%sithwg 2 108¥%hN 3ndBx PR £ aQonfikralish 88§ tahan 5
degrees vmth [espect to a surface of thé crystalline sem conductor film an

ori entat i b pafqnb of alattice plane {001 } of the crystalline

sem conductor filmb5 is not larger than 3% the lattice plane {00l } having
an angle of not larger than 10 degrees with respect to a surface of the
crystalline sekd condsrmigenductondawige acconding te elainom3r ati o of a lattice plane

Catiich O anneyRi! d) bea060) s%%%%har G

| attice plane an an ert egrees with
respect teach aSanc‘bmatratiort Iless thary §b<al() {/one’, sdiog pgwali vt taonéénttration 1Bs waar ei n t he
I attlﬁ)e p Q §19 Ol }, {001} and { 111 } are detected by an el ectron
backscatter actl on pattern method; wherein the crystalline
sem conductor filmconprises gernmaniumat a concentration not smaller than
0.1 atomc % bl%t not sé&%gnéuchr%eV%gcgl%grrpslﬁg% 15 114. A nmethod according to
claim 113,
a glass substrate;
a crystalline semiconductor film over the glass substrate;
15 - at least a channel forming region in a crystalline semiconductor film,
wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 20%, the lattice plane {101} having an angle
of not larger than 10 degrees with respect to a surface of the crystalline
semiconductor film,
20 an orientation ratio of a lattice plane {001} of the crystalline semiconductor
film is not larger than 3%, the lattice plane {001} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film and
an orientation ratio of a lattice plane {111} of the crystalline semiconductor
film is not larger than 5%, the lattice plane {111} having an angle of not larger than
25 10 degrees with respect to a surface of the crystalline semiconductor film;
wherein the lattice plane {101}, {001} and {111} are detected by an electron
backscatter diffraction pattern method;
wherein the crystalline semiconductor film is formed by heating én amorphous
semiconductor film comprising silicon added with a metal element,
30 wherein the amorphous semiconductor film comprises germanium at a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.
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wherein the netal elenent has a concentration smaller than 1 x 10~~/cn8B.
115. A nethod according to claim 113, wherein the netal elenent is at |east
one selected fromthe group consisting of Fe, 20 Co, Ni, Ru, Rh, Pd, OCs,
lr, Pt, C- and Au. 116. A nethod according to claim 113, wherein the
crystal |l i ne sem conductor filin has a thickness in a range of_ 20 to 100 nm
25 117. A method according to claim 113, wherein the crystaldPer2004

sem conductor filmconprises hydrogen or a hal ogen el enent. 30 118. A

met hod accordigg to claim&ufgd%/nereln t.he glass substrate is an al kal i
free glass substrat’® SCTRYON ENEGBWPH% A nethod according to claim
113, wherein tdglagl bsiraetbst rat e is selected froman alum na borosilicate
gl ass and a barium ﬁor05| [ i c ass. 120. A nethod according to claim

11 3, wherein ah“XNArHHSERICoB ‘“6‘5 Tee6r the glassspbsiataii ni ng ger mani um i s

formed by a ne@m@ss@bmmmohﬁm@r@g@h%%q@mme%emh&adﬁabﬁﬁﬁﬁ on nethod and
an i on-dopi ng thod. 65 ..

b. A<b.R<?. A, A YEeTREE ap| %er)&atm}E rmp Afqp. lattiseaplang) {148 } A0E the arystalling<E. A, g<2
A AfS) seﬁﬁceﬁ)du%r %Yl)ls ﬁbﬁmzﬁﬁr than 5% the Iattlce plane {101} having an angle of

. AY. Ab. A% Ay @. A ALY, A AI'<AL A
2.AA A AgotAyrg&uﬂlauyS AygrAgeyWAhAespeAy toAg. sA;fawwotAshemwalhyc Agmigphdictori | v o
film,

an orientation ratio of a lattice plane {001} of the crystalline semiconductor
10 film is not larger than 3%, the lattice plane {001} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film and
an orientation ratio of a lattice plane {111} of the crystalline semiconductor
film is not larger than 5%, the lattice plane {111} having an angle of not larger than
10 degrees with respect to a surface of the crystalline semiconductor film;
15 wherein the lattice plane {101}, {001} and {111} are detected by an electron
backscatter diffraction pattern method; _
wherein the crystalline semiconductor film is formed by heating an amorphous
semiconductor film comprising silicon added with a metal element,
wherein the amorphous semiconductor film comprises germanium at a

20 concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

18. A semiconductor device according to claim 16:
wherein the crystalline semiconductor film comprises nitrogen and carbon
each at a concentration less than 5 x 10"*/cm®, and oxygen at a concentration less
25 than1x 10"%cm’.

19. A semiconductor device according to claim 17:
wherein the crystalline semiconductor film comprises nitrogen and carbon each at

a concentration smaller than 5 x 10'%/cm®, and oxygen at a concentration less than 1 x
30  10%/em’.

20. A device according to claim 16,
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& ()-8 10% 31. A transistor according to claim 3,

wherein the crystalline semiconductor film comprises a metal element at a

concentration smaller than 1 x 10'/em’,

32. A transistor according to claim 3,
15 wherein the crystalline semiconductor film comprises at least a metal element

selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

33. A transistor according to claim 3,

wherein the crystalline semiconductor film has a thickness in a range of 20 to 100

20 nm.
.34, Atransistor according to claim 3,
wherein the crystalline semiconductor film comprises hydrogen or a halogen
element.
25

35. A transistor according to claim 4,
wherein the crystalline semiconductor film comprises a metal element at a

concentration smaller than 1 x 10"/cm®.
30 36. A transistor according to claim 4,

wherein the crystalline semiconductor film comprises at least a metal element

selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.
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38. A transistor according to claim 4,
wherein the crystalline semiconductor film comprises hydrogen or a halogen

clement.

39. A transistor according to claim 5,
wherein the crystalline semiconductor film comprises hydrogen or a halogen

element.

40. A transistor according to claim 6,

wherein the metal element has a concentration smaller than 1 x 107/em’,

41. A transistor according to claim 6,
wherein the metal element is at least one selected from the group consisting of
Fe, Co, Ni, Ru, Rh, Pd, Os, I, Pt, Cu and Au.

42. A transistor according to claim 6,

wherein the crystalline semiconductor film has a thickness in a range of 20 to 100

43. A transistor according to claim 6,
wherein the crystalline semiconductor film comprises hydrogen or a halogen

element,

44, A transistor according to claim 7,

wherein the metal element has a concentration smaller than 1 x 107/cm?®.
45. A transistor according to claim 7,

wherein the metal element is at least one selected from the group consisting of
Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.
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47. A transistor according to claim 7,

wherein the crystalline semiconductor film comprises hydrogen or a halogen

element.

10 48. A transistor according to claim &,

wherein the metal element has a concentration smaller than 1 x 10"7/cm’.

49. A transistor according to claim 8,
wherein the metal element is at least one selected from the group consisting of
15  Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

50. A transistor according to claim §,

wherein the crystalline semiconductor film has a thickness in a range of 20 to 100

20
51. A transistor according to claim 8,
wherein the crystalline semiconductor film comprises hydrogen or a halogen

element.
25 52. A device according to claim 12,
wherein the crystalline semiconductor film comprises a metal element at a
concentration smaller than 1 x 10"/cm?®.
53.  Adevice according to claim 12,
30 wherein the crystalline semiconductor film comprises at least a metal element

selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

54. A device according to claim 12,
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108 4 wherein the crystalline semiconductor film comprises hydrogen or a halogen
element.

56. A device according to claim 13,
wherein the crystalline semiconductor film comprises a metal clement at a

10  concentration smaller than 1 x 10'/em’.

57. A device according to claim 13,
wherein the crystalline semiconductor film comprises at least a metal element
selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

15
58. A device according to claim 13,
wherein the crystalline semiconductor film has a thickness in a range of 20 to 100
nm.
20 59. A device according to claim 13,
wherein the crystalline semiconductor film comprises hydrogen or a halogen
element.
60. A device according to claim 14,
25 wherein the crystalline semiconductor film comprises a metal element at a

concentration smaller than 1 x 10'/cm®.
61. A device according to claim 14,
wherein the crystalline semiconductor film comprises at least a metal element

30  selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

62. A device according to claim 14,
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69. A device according to claim 17,

wherein the metal element has a concentration smaller than 1 x 10'/cm?®.
30

70. A device according to claim 17,

wherein the metal element is at least one selected from the group consisting of
Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.
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wherein the semiconductor device comprises one selected from the group

consisting of a cell phone, a video camera, a mobile computer, a portable data terminal, a

TV receiver, a portable notebook, a personal computer, a player using a recording

15 medium recording a program, a digital camera, a front-type projector and a rear-type

projector.

87. A device according to claim 18,
wherein the semiconductor device comprises one selected from the group
20  consisting of a cell phone, a video camera, a mobile computer, a portable data terminal, a
TV receiver, a portable notebook, a personal computer, a player using a recording
medium recording a program, a digital camera, a front-type projector and a rear-type

projector.

25 88. A device according to claim 19,
wherein the semiconductor device comprises one selected from the group
consisting of a cell phone, a video camera, a mobile computer, a portable data terminal, a
TV receiver, a portable notebook, a personal computer, a player using a recording
medium recording a program, a digital camera, a front-type projector and a rear-type

30 projector.

89. A thin film transistor according to claim 1, wherein the glass substrate is

an alkali-free glass substrate.
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15
95. A thin film transistor according to claim 16, wherein the glass substrate is

an alkali-free glass substrate.

96. A thin film transistor according to claim 17, wherein the glass substrate is
20  an alkali-free glass substrate.

97. A thin film transistor according to claim 1, wherein the glass substrate is

selected from an alumina borosilicate glass and a barium borosilicate glass.

25 98. A thin film transistor according to claim 2, wherein the glass substrate is

selected from an alumina borosilicate glass and a barium borosilicate glass.

99. A thin film transistor according to claim 5, wherein the glass substrate is

selected from an alumina borosilicate glass and a barium borosilicate glass.
30

100. A thin film transistor according to claim 6, wherein the glass substrate is

sclected from an alumina borosilicate glass and a barium borosilicate glass.

101. A thin film transistor according to claim 12, wherein the glass substrate is

35  selected from an alumina borosilicate glass and a barium borosilicate glass.
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104. A thin film transistor according to claim 17, wherein the glass substrate is

selected from an alumina borosilicate glass and a barium borosilicate glass.

105. A method for manufacturing a semiconductor device comprising;
forming a blocking layer over a glass substrate;

forming an amorphous semiconductor film containing germanium over the

blocking layer;

applying a solution containing nickel over the amorphous semiconductor film;
and

crystallizing the amorphous semiconductor film to a crystalline semiconductor
film;

wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 20%, the lattice plane {101} having an angle of
not larger than 10 degrees with respect to a surface of the crystalline semiconductor film,

an orientation ratio of a lattice plane {001} of the crystalline semiconductor film
is not larger than 3%, the lattice plane {001} having an angle of not larger than 10
degrees with respect to a surface of the crystalline semiconductor film and

an orienfation ratio of a lattice plane {111} of the crystalline semiconductor film
is not larger than 5%, the lattice plane {111} having an angle of not larger than 10
degrees with respect to a surface of the crystalline semiconductor film;

wherein the lattice plane {101}, {001} and {111} are detected by an electron
backscatter diffraction pattern method;

wherein the crystalline semiconductor film comprises germanium at a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

106. A method according to claim 105,

wherein the metal element has a concentration smailer than 1 x 10" /e’
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2. A method accordmg to claim 105, wherein an amorphous semiconductor

film containing germanium is formed by a means selected from a plasma CVD, an ion

injection method and an ion-doping method.

113. A method for manufacturing a semiconductor device comprising:
25 forming a blocking layer over a glass substrate;
forming an amorphous semiconductor film containing germanium over the
blocking layer;
applying a solution containing nickel over the amorphous semiconductor film;

and

30 crystallizing the amorphous semiconductor film to a crystalline semiconductor
film;
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wherein an orientation ratio of a lattice plane {101} of the crystalline

semiconductor film is not smaller than 5%, the lattice plane {101} having an angle of not
larger than 5 degrees with respect to a surface of the crystalline semiconductor film,

an orientation ratio of a lattice plane {001} of the crystalline semiconductor film
is not larger than 3%, the lattice plane {001} having an angle of not larger than 10
degrees with respect to a surface of the crystalline semiconductor film and

an orientation ratio of a laftice plane {111} of the crystalline semiconductor film
is not larger than 5%, the lattice plane {111} having an angle of not larger than 10
degrees with respect to a surface of the crystalline semiconductor film;

wherein the lattice plane {101}, {001} and {111} are detected by an electron
backscatter diffraction pattern method;

wherein the crystalline semiconductor film comprises germanium at a

concentration not smaller than 0.1 atomic % but not larger than 10 atomic %.

114. A method according to claim 113,

wherein the metal element has a concentration smaller than 1 x 10'7/em®.

115. A method according to claim 113,
wherein the metal element is at least one selected from the group consisting of Fe,
Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.

116. A method according to claim 113, | A
wherein the crystalline semiconductor film has a thickness in a range of 20 to 100

nm,
117. A method according to claim 113,
wherein the crystalline semiconductor film comprises hydrogen or a halogen
clement.

118. A method according fo claim 113, wherein the glass substrate is an alkali-

free glass substrate.
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119. A method according to claim 113, wherein the glass substrate is selected

from an alumina borosilicate glass and a barium borosilicate glass.

120. A method according to claim 113, wherein an amorphous semiconductor
5 film containing germanium is formed by a means selected from a plasma CVD, an ion
injection method and an ion-doping method.
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