THI N FI LM TRANSI STORS AND SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON
[Field of the Invention) This invention relates to thin filmtransistors
using a sem conductor filmof 5 crystals that are collected having vari ous
azinmuths (hereinafter referred to as crystalline sem conductor filn) as
represented by & HONYEN %8 tIat hNWESTichR S ot %m@mﬁm%@ﬁ%ﬁ%ﬂ%%ﬁ” devi ce
formed by using the above thin filmtransistor rticu , the
invention relates to a sem conductor filmformng a channel form ng '
region, a source region and a drain region of athin filmtransistor and to

a 10 sem conductor devi ce BMURUIRGUINE apoye it hpopkiHimtransi stors. In this
speci fication, the senmiconductor device refers to devices that work by

utilizing semi conduct or characteristics as a whol e inclusive of di spl ay
devices as represented by a liquid crystal display device and

sem conduct/breld ot elgs Btweghfjrjcuits (m croprocessors, signal processing
circuits and high-frequency circuits). 15 [Prior Art] There has been

devel oped a tedmolpayn dr rdi Akt kS ak h ansistors 4 (herei natter
abbrevi ated as TFTsI) b; for i ng (g@cfrd;gh% {{llnlrslfe51 ggqrhﬁ%l@n‘ghc Kohpu %591 @H t

gl ass substfigtfs QhaORr@ cQURE L8 §M§U@fhﬁjus:%?%m?ﬁ§ gﬂ[‘le%aftcg n,ftgx:rﬁ gtgvl ggyan

has been forwarded in a field of flat pan as repre

active nat iiintzﬂﬁu%lkcﬂ?%gngﬁ&’ﬁrq Im9i3 kb % (Qﬁg? (E)? ap(h_' Tc%ys Lfine belé(i(?l%{ﬂs 1\eM ing n‘ed

el enents in the pixels or as eerrents rrver

in the peri phefit@sd@fiol MR vRiXEhS, 1isap f naterj al of
a crystalline sem conquctor f1 (I)Im‘}(]z‘%r%s ggﬁf nL 12 ﬁlgg@hzlta%lﬁle 1?1}10?%1%@%9' s,

source regbaaigulAr Adnl &N SelMfes tQ%LIﬁ%&)?)@%@n&rfq:lh'@nnd rgg%ﬁq%m%}}ﬁgéiqupa

drain: LLD) regions in active regions o e ’si

crystal | i negity, UctbtiRe( heih naft gr 4Ll erted I)if’aaanﬁrflf% a{a%bsbsgm Z@l( 0(}:{302

film i s formed by subjecting an am)rphoﬁ ircon f
subst rat e sbyhidoRlaspp @@c@ﬁl@%ﬂt&r Fhb OMHRILSEUI eflI%/thrle%EQ%qs to Itnh%hhseat

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

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

15 [Prior Art]

There has been developed a rechnology for fabricating thin film transistors
(hereinafter abbreviated as TFTs) by forming a cryscalline semiconductor film on a
glass substrate or on a quartz substrate. Application of this téchnology has been
forwarded in a field of flar panel displays as represented by an active matrix liquid

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

Silicon is chiefly used as a material of a crystalline semiconductor film for

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



5 treatment or to the irradiation with a Laser beam (hereinafter referred
to as laser treatnent in this specification). In conducting the heat
treatment, however, the heating nust be effected at a tenperature of not
| ower than 600C for not less than 10 hours to crystalize the anorphous
silicon fiFancaheapodminréghilngopedperiat i.&)angdichben heeat iagohd sETATE 10
not necessarily suitable fromthe standpoint of productivity of the TI=Ts.
When a | i qlicdileropsilal havisgleay ydelince g tiakording e:censi dBiatd @hs@Bian
applied product using TFTs, a heating furnace of a large size is necessary
to cope witilican ﬁndrea&mnmd¥mheuna¢@ag@h thersiubst it finatdglsegansym ng
energy in large amounts in the steps of production but also making it

di fficult tubsobtabn ahplwgerevis rankisd alrs: bwepr@swiecde Vs nandad dond Rh& ﬁase
of the laser treatnment, it is difficult to obtain honbgeneous Crystal’

due to helrbaukersforstatid irtadiduon hettoutlpet befimt Herdiasfer eskikHabol. laser
Di spersion in the quality of crystals could becone a cause of dispersion

in the TFTreharautierhstdpesificaridn).deteriorates the quality of display of the
liquid crystal display devices and the FL display devices. 20 There has

al so been proposethductieghheltagy tfcatmbaf Midigea: Criyst@lddon@usi b @8l M
through the heat treatnent at a tenperature | ower than the t enper at ures

enpl oyed atteuspdrarurbyf inot lodecitag, 600TCO 0 et 3R TRAOUS Hidri %)E'r;fstd  pet al
el ements that assist the crystallization of silicon. According to, ftor

exanpl e, Japapéses RitentilmAphd gladicoited Kok ain pMasure Aind3063 2 ARG 8748329, a
crystalline silicon filmis 25 obtai ned by the heat treatment conducted at

550C flor Aohowrcsssbyilyi satitadlucbagsushndgoirebabrl RNt Ashaiakel wig, § he
anor phous silicon film 2 In the crystalline silicon filmfornmed by the

above conligntd analal daphgdk:vicdiewever inth kengHanes nofs 1@1@@31@[:1'}51 B@u@tzﬂismi’ct h
exist in a random fashion, and the ratio of orientation is

parti cul ai’kdr Syatl&latmgéuﬁidcmﬂfhls argdoezCi Yok 8dshiyn® &Idel @R b hmgdg@h@m@d by
the heat treatnment or the |laser treatnent permts plural crystalline .

parti cl esatea dfechprsediphteaned candcohientgd R inlkisd amEverR when: Likpd Ened to
t he pl ane
production but also making it difficult to obtain homogeneous crystals over a wide
15 area. Inthe case of the laser treatment, it is difficult to obrain homogeneous crysrals
due to the lack of stability in the output of the laser oscillator. Dispersion in the
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 crysealline silicon film
through the heat treatment at a temperature lower than the temperatures employed
thus far by introducing, into the amorphous silicon film, metal elements tha 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 obtained by the heat treatment conducted at 550°C for 4 hours by introducing such

a metal element as nickel into the amorphous silicon film.



azi muth, however, the ratio of orientation did not exceed 20% of the whole
film When the ratio of orientationis low, it is alnbst inpossible to
mai ntain continuity of lattice on the crystalline grain boundaries where
the crystals of different: azinuths abut to each other, and it is
estimated t hat!muHpar et enadican dilvg Gredred thuchovThenunpdonedmzohdds, on
the grai n boundaries could becone centers of trapping the carriers
(el ect roné”)’or\‘ﬁ?l"é‘»’é'u) thadelanet ofrgyftelling admopth exitthe ccamdoer (ashicanspdrhe piepert y.
That is, since the carriers are scattered and trapped, a TFT having a high
el ectri c- fOf ergnEpEM istlgwdannotichbrexpectiied sdespiltse e FFRlling sifabrfilgat ed
by using the above crystalline sem conductor film Besides, since the 15
crystal I i metgpad bybtunblari esatexirstod rhealasandemhashpemid plirst divkfilead t to
formthe channel-form ng region using crystalline particles having a
parti cal apagigjet 4l bd znlélcimtzﬁtanﬂnm odadreel @cl t 1 £} . chanaeher listitebicofhet g FT
tend to becone dispersed. SUMVARY OF THE INVENTION It is an object of this
i nvent i onaziglhobivdevemeahs rdor obotivingonhédaboveced 208 diredhelghhens,
and to provide TFTs using a crystalline sem conductor film which is
obt ai ned by cMybealubieziang ahosmraplous Beni candlieber iipbwidadoi suahighl y
oriented, as well as to provide a sem conductor device nounting the above
TFTs. Thi gotitiveiny idnlapriaybdesha cfiETaliavigrgina bohatnets how ne regial Hor med
of a crystalline sem conductor film obtained by heat-treating and
cryst al | i diffageramziBudnoriphovsasbrichendudtions éidnmaedntai nhpgired bbednaas a
mai n conponent. and germani um in an anmount of not smaller than 0.1 atomc %
but nt? |ferged mhah Idhcatgnired%ondpoef @eabhiy, bnotdasirakbeld bhamd cateni ¢ %
but not larger than 5 atomc % while adding a netal elenment thereto,
wher ei n ar orpemathonaratk oebftiche/Hded)i secpinaneg forl@Lrbpiin At chriseral | er
than 20% the lattice plane (101} having an angle of not |arger than 10
degrees wnsporeppastit oThhe is unfcacheofartibes senicaonduthod dddpad, anlFT
orientation ratio of the lattice plane {001} is not |arger than 3% the
lattice plaahe {2004gh dwitng-fatd angbgivpfcanmiot] lar gampecicladed@redelge €BETwist h
respect to the surface of the sem conductor film and an orientation
fabricated by using the above crystalline semiconductor film. Besides, since the

15  crystalline grain boundaries exist in a random fashion, it is difficult to form the
channel-forming region using crystalline particles having a particular crysealline

azimuth, and electric characteristics of the TFT tend o 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 semiconduccor film
which is obtained by crystallizing an amorphous semiconductor 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



ratio of the lattice plane {111} is not larger than 5% the lattice plane
{111} having an 10 angle of not larger than 10 degrees with respect to the
surface of the sem conductor film as detected by the el ectron backscatter
diffraction pattern method. The invention further provides a TFT having a
channel -form ng region formed of a crystalline sem conductor fil m obtained
by heat-treating and crystallizing an anorphous seniconductor fiIm

cont ai ni ng Samcbxpﬁdiusa@nﬁcdﬂiﬁhétoﬁﬁm@Bﬁt@ﬁuﬁg‘g119&{ é@ﬁ'rﬂéﬁ‘n'c@ kl %‘ﬁan%mmt
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provi des a for m | ly oriented
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1018/ cnB, contai %ng oxygen at a concentration of smaller than
1019/ cnB, aftidedehenthsic tfﬁﬁéa%ﬁf’aiefélf&ﬁémnI@ﬁlteal wethednt r at i on of smal | er
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havi ng a channel -formng regio M con

heat - t r eat | hgyartimersysi@niiaongnanbtamed bphoustrae con dustdizild heemphahdi ng
silicon as a main co nent and germanium 5 in an anmount of not snaller
than 0.1 atSHEOHUGEF 1 ?PBtconé’r“g‘év’r SIS DMALANE PN PrlecEn B, inno amswal | er
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el enent thereto, wherein an orientation tioo | ‘at |cep
not than 1 atomic % but not larger than 5 atomic %) while adding a metal e]ement 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} 1s not larger than 3%,

20 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 fo 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'%/em?,

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



smal l er than 20% the lattice plane {101} having an angle of not |arger
than 10 degrees wth respect to the surface of the sem conductor film an
orientation ratio of the lattice 10 plane {001} is not larger than 3% the
| atti ce plane {001} having an angle of not larger 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 arfyilengs toncldaelgment HarrongengegereSsmaleattiand t 40'hsr’sur f ace of

t he sem conduct orf i _ et ect ed. t he. el ectron backscatter diffraction
pattern met hod. 1’%1%%&% Il?tfﬁ}lentnithSranPﬁFlt%%@rsﬁP&?Pg OTdeyis es gL s glelprame
having a champeh-fooned RY a b@GceMiuR)r "@ith Qﬁtaﬁleaw ﬁ@eﬂgféﬁﬁ affu'Ti lCFT)]/S?EHI'lﬁ%] g by
heat-treating and crystallizing an anorphous sém conductor film contdining
silicon as @RHPBIUSCEHPOHEEEon it gentaming nilicom aga reaienmpofernand Spatigim

than 0. 1lzatqpig, % t Larger than.10 atom ¢ % referably, not snaller
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than 5 degr &&ZalwfieRent dhepries wheretthen swuichtation ahtit nd the rtuttion ghlezieo 1(Fli} | ) n@n
orientation ' : 4 ce.pla (0011 is not larger than 3% the
lattice pl ars}éfé %%tlgifl %g?‘?r%gé%ucgr%?[g gﬁ)ll}\&tavﬁnﬁ_ra&e?ng?%%#n%garg&é }aée@) %ﬁgf‘i’?s_
respect to wvhé supdcace tlef surlec $€ ML ondusiREE il ARcARLES kel af ﬂfér‘la{tﬁy 0

of 25 tg(@: Ia}ticg | ane {111} is not larger than 5% the lattice plane
{111} h&¥i nB'aaf Rgh Byt lagsk th!aaﬁ&erth@ Hratcellanie §P@ld shavaigaan aregle of nhielarger
i1 raction paters et o ons LSS RLESI G orbico G 86 278 e iesnaten or
devi ce havi rigiogoicthadatéte phnt dil hing negirger fhan wed 0 1atd ghhy éPIi}eﬂéﬁ’ an
crystalli ne s én fond ctor fi I(g\ having_a_ thickness of from20 nmto 100 nm
and cont ai nlrf’f’g i P%E‘égﬁr AR L dpgisentelativarie dhe pafacsrd the semisphéicterhim Bs x

10" s/ cnB,  CaiEANbPERAGRN HALkRaEQURALEAL b AR R Il'er than 1 x
10" "' /cnB, and con?ai ning the ne?a?@?enéﬁ%hgg&%%gg%ggntrati on 5 of

smal | er’@ han 1 xThoinveen®: fifther metvides el embnindtibtat divdcaida i sShaniel Gmimg e
of those Sq]egﬁ'ilegnilég rngzF ‘semcgbnductor film obtained by heat-treating and crystallizing an
amorphous semiconductor film containing silicon as a chief component and germanium
in an amount of not smaller than 0.1 atomic % buf not larger than 10 atomic %
(preferably, not smaller than 1 atomic % but not larger than 5 atomic %) while adding 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 oricntation 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 backscaiter diffraction pattern method.

T'he invention further provides a semiconductor device having a channel-



Ni, Ru, Rh, Pd, GCs, It, Pt, Cu and Au. The anorphous silicon filmto which
the netal elenent is added is heat-treated to thereby forma conpound

(silicide compound) of silicon with the netal elenment. This conpound then
diffuses to assist 10 the crystallization. Germaniumthat is added to the

anor phous dplinognregoesonoted gledahidriv Iﬂhdsn@QﬂﬁﬂyﬁﬁnQuhd§&@ﬂ$iﬁfh$ﬁ§na
peripheries thereof to build up local strain. The strain works to i ncrease

the criti cahidlagsus:fdiomhe0fonmat il00 of Audl ehn@ndng NerReen 4! Q%%&@Sl‘? the
density of the formation of nuclei. The strain further lints

or|entat|onootnnmysba$s£&ﬁ5lﬂﬁ-@hqﬁﬂ¢ébkﬁﬂ3QBQVQnﬂBQ%AOQQQL@%bh@ﬁauh&oﬂas
been | earned through exper| ment that gernmani um needs to be added in an

amount of nosmsihat tiermn  hal®'Och’, atbrberadiButhaateharigernt han c3Qcat oG, %
(preferably, not smaller than 1 atonic % But not larger than 5 atomc %

When geﬁnanfwmnHSIdddedxlﬁ)ahnﬁnts | arger than the above range, nuclei are
formed spontaneously and conspicuously (crystalline 20 nuclei that are not

dependent upon‘lifeenecipundahat hedadddedomed ahnoed 8MBIRLY s@Sc reaydh! ?WCPJ
silicon and germanium making it difficult to increase the ratio of

ori ent ati oNipoRuf Ré, ¢k, &gy éd [af yatahd inne SE@ﬁ@@q%tu@%i HcbhminWWhe R Hger pmni um
is added in too small anmounts, strain does not build up to a sufficient

degree makinegal elenghidfif iscadded & hogst-eased he datdip Q;‘mpr;il @(%1?5119@ (sﬁicrulﬂer
25 When the anorphous sem conductor filmis crystallized e vol une t he

film conte@npsuddeofliddiewiiRahe aRgsimatheff BLOFBmIphuMli eMEY diffuses to assist
macroscopically. As a result, 6 tensile stress occurs in the crystalline

sen conducther crfhdathiFaeiome d(J@ﬂnInh'ﬁ‘J nS YRSt fsafRled (HROR LROLAIIIsNY QRS MBI HF
having an atom c radius larger than that of silicon at a concentration of

0.1 to 10 rahonmvih%hisriophRnal] Hur stayk o ehAp QI LXELQ%F’L%%LHRQE NG LAGt 02

of volunme due to the crystallization is suppressed I nt er nal
stress occCls strhatwdrks BRORrCOAN L RE r@lﬂg:ag%cmg'dﬂrﬂ“@tfoﬁnq Bﬁf‘&t A0 RAS

contenpl ated by this invention, the strain in the crystalline semcon uct or
filmcan Hcept@d€dease the density of the formation of nuclei. The strain further limits
the orientation of crystals.

15 To produce the above-mentioned action, it has been learned through
experiment that germanium needs to be added in an amount of not smaller than 0.1
atomic % but not larger than 10 atomic % (preferably, not smaller chan 1 atomic %
butnot larger than 5 atomic %). When germanium is added in amounts larger than
the above range, nuclei are formed spontanecusly and conspicuously (crystalline

20 nuclei that are not dependent upon the compound of the added metal element) as

an alloy of silicon and germanium, making it difficult to increase the ratio of
orientation of the obtained crystalline semiconducror film. When germanium is
added in too small amounts, strain does not build up to a sufficient degree making
it difficult to increase the ratio of orientation, either.

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

contracts due to the rearrangement of atoms if viewed macroscopically. As aresult,



The distribution of crystalline azinmths can be found by using an el ectron
backscatter diffraction pattern (EBSP). The EBSP is a nethod of anal yzi ng
the 10 crystalline azinmuth fromthe backscattering of primary el ectrons by
provi ding a scanning el ectron mcroscope (SEM wth a special detector

(her ei naf t eepsilehitsess netthedh tlse cefatiedschacasd RBSPitmtibaded o tenveni-aace) .
Fig. 2 is a diagram illustrating the principle thereof. An electron gun
(Schottky fimhdeeidheadhggnisshom hebiagtmnanogudyaddlargemihanaha202sipash
sanpl e chanber 203 are constituted in the 15 sane manner as those of an
ordi nary saeammicngtrelieatafdnl md dHascope %, Tocfeeadsiur e 1b BeoEBSP:, ostwage 104 is
tilted at an angle of about 60 degrees, and a sanple 209 is instal led. In
thi s stat econaurscrieent 20mnof dac detlect95ca8061ibs is nggteddsods stellfiagenthe
sanpl e. Reference nuneral 207 indicates an el ectron beam 208, a

backscatt esieeks et@otr ohZ0isHeqmn Waeniiameletranns ay: falbscomrhhiensanpl e
having a crystalline structure, non-elastic scattering also takes place on
the back stslectdneafby ndntbenen,chpshgin ialthe ceRsAliMe s Bicdohdaaforlatt N
(generally called Kikuchi inmage) specific to the crystalline azinmuth due
to Bragg did fdlaedd.on in the-sanple. According to the EBSP nethod, the

Ki kuchi inmage reflected on the detector screen is analyzed to find the 25

crystalline azlhuthsebutide seapb@llidel Simdichd l:bzﬁtbrca&)@ﬁdabygﬁylﬁtyadﬂ ER@ron
sem conductor film 302 of a polycrystalline structure fornmed on a substrate

301. The olmc&_tscadd@rr@{fsm&pEﬂu@h@(u%mﬂ 302 RBSPAs aPhHEFIEAHbE LS ylzﬁhotmt
each crystalline particle therein has different crystalline azimuth

Upon r gpeatriangliiivappmngd fthe @el mdbadcrandl ¥6 bsini | @ehByhngy 5}3199@11"1& gn of
the sanple where the electron beamfalls, ‘the'data’related to

crystal | i Reafnigg 8ltfofr mi@obdifeoldrant at iR, %ﬁ&15’?(1@&%1”?HL1%@@H@&”'LHQ the
pl anar sanpl e. The thickness of the incident electron beam .303 varies

dependi ng ri@@iddt RerdiyRed ab 4hERSE! getEan f&ueo@a}eﬁlbﬁcécamm ng ;elLakienn,
m croscope. In the case of the Schottky electric-field enm ssion el"ectron

gun, an ehl@@itf'ﬁﬂvbﬁﬂﬁ%@ﬁa pfe MREYOLf IAE B& kb bon ¥Qc1'ik5‘@tk§3ﬁ@ IcPerrpradieslied- 1 n
t he mappi ng, nore h |y averaged data of crystal orientation
electron gun) 201, a mirror 202 and a sample chamber 203 are constituted in the

15  same manner as those of an ordinary scanning electron microscope. To measure the
EBSP, a stage 204 is tilted at an angle of about 60 degrees, and a sample 209 is
installed. In this state, a screen 205 of a detector 206 is inserted so as to face the
sample. Reference numeral 207 indicates an electron beam; 208, a backscatrered
electron.

20 Here, when an electron ray falls on the sample having a crystalline strucrure,
non-elastic scattering also takes place on the back side thereof, and there can be
also observed a linear pattern {(generally called Kikuchi image) specific to the
crystalline azimuth due to Bragg diffraction in the sample. 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 semiconductor film 302 of a polyerystalline

-



10 are obtained with an increase in the nunber of the nmeasuring points or
wth an increase in the area of the neasured region. In practice, about
10000 points (a gap of 1 nm to about 40000 points (0.5 gn) are neasured
over a region of 100 x 100 m . Reference nuneral 304 indicates a

backscat t eréth@hectormed omeslshaie 89 5t Alhiei avestaltineust: e @fducher lny 30 ahki ne
particles are all found by 15 mapping, the state.of crystal orientation
for the filifceanive axphessedh iayaal$ipat patict charierhas Fi diffdAnt sracdiiagr am
illustrating back poles found by the EBSP nmethod. The diagram of the back
pol es is fragueHt|ypuseddongdisphay) nhe bhienphef arentid ahile oivant apbonoef a
pol ycrystal | i ne substance and collectively represents which lattice plane
a particul af ppeaneys whaceahofeletieos iHemm FeiseYhoflatheclsanple chs ciiralline
agreement 20 with. A fan-shaped frame of Fig. 4Ais usually called a

st andar i t rizangiheoi w thhd @heraneon caclbodeédamlet] dondexeasg ohe ph@ae whplryst al
system The length in this diagram corresponds to an angle in the

crystal | i nehaXinasst df. thEoncidxangkeroahcang®@3 ofiridbicdediees)ds ddefined dhy
{001} and {101}, an angle of 35.26 degrees is defined by 25 { 101 } and { 1
| 1}, and akecangl gunfofSdie Zadegredscirsn defirogdpby K dHdcdscandiH08dhdely
Wiite dotted lines represent ranges of shearing angles of 5 degrees and 10
degrees 8cfecarn {itbl3misFiog.cldArdsgtiherosiecirbnWehghofalslvepasend MYtPDd ALS
(11655 points in this exanple) in the mapping are plotted within the
standar d t cauahglpeojet tedwilhlthbendppangedotehaiphiyherergenisidoy of srybigbrivaaltidhe
point { 101 }. Fig. 4B shows the concentration of such points 5 using

cont ourt0l i mesobheskwahean hecreadeugstlof nambaziofuhb GéStEhbYIHIRR Fraghion,
and the concentration (density of points of Fig. 4A) is represented by a
contour | iimeréase ithbe aasefwhemasuaademonr. i leniratiied absupt @AMBGintHer @p t he
val ues represent magnifications of when it is presuned that the )
crystal | i nef ban)i @l @swar@000ipented0ifmd quir&sardestassramnnef 100 xel00 when
t he points are evenly distributed in the standard 10 triangle, and are the
val ues wi t/paGt Reifarenst anmeral 304 indicates a backscartered 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 lattice
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 are
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 45
degrees is defined by {001} and {101}, an angle of 35.26 degrees is defined by

25 {101} and {111}, and an angle of 54.74 degrees is defined by {111} and {001}.

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



Wien it is learned that the crystalline particles are preferentially
oriented to a particular index (here, {101}), the ratio of the nunber of
crystalline particles collected near the index is indicated by a numeri cal
val ue, so that the degree of preferential orientation can be easily

i magi ned. | drarhe Iilagr am of back pol es shown 15 in Fig. 4A, for exanple,
the ratio of the nunber of points present in a range between a shearing
angle of 5 degréws4&hdLhusheatwhgraﬂgh@aﬂhniﬂxﬂﬁQH@Q6>ﬁb@ﬂh{ﬁpﬂﬁsc ample)
(indicated by white dotted lines in the dramnng) to the total nunber ‘of the
poi nts canibehexpppagedegdoacd atiflan ofic ofingAtEIALE N CEMAJ RAGR Lthbi[tl{pe
following formula. 20 [Fornmula 1] { 101 } Ratio of orientation = nunbe
measur ed podahsmwmhnymuﬁntaibomaﬁhe1?nﬁhﬁ49@hw@§ﬂmi@ﬁnﬁ@ﬁ&ﬁ&%(ﬁﬂh@9ﬁ0£%91}
and the filmsurface / total nunber of the measured points This ratlio can

be expl atnedsing cantenn@icsastldes ard Hedvabows . Vaam Jchglis:BihdbshriAutis o i 6
concentrated near { 101) as in Fig. 4A, the individual particles in a real

filmhave ath@zdmadin o0l thﬁgéf béﬁn@?bpﬁi@dk}%}|1§f<,ptl@sctnrf'&i sURST AL @S ﬁ.[‘lovvn
in Fig. 6 but are expected to be arranged being fluctuated thereabout.

al I owabl e vélcauesscolvhihea &@ﬂcﬂ@u%uuh‘d@fbﬂak' %séﬁﬁdseH&@ Re D.0egne 6?‘1"'6j 10
degrees, 5 and the ratio of those smal han t hese val ues are nu rlcal

expressed. mBRehgicaneas bRl i @q;resmqb%ﬁ@rszlﬁ éypéﬁﬁf%t ;@m@f&% ar@oﬁw?&%' ' ne
sem conductor film In Fig. 5 for exanple, thé azimith <10

gi ven crystatlitaerdalcss #hanks 180wl 1@1ﬂ¢ﬂc'~f%§’ts'a?e Al HBY@MI@d 1@519@% ﬂd"ﬁd

degrees 503 but is included in an all | e range of degr ees

t he dataoan@@@bld}gnﬁaﬂ@&habbﬁlcgwlﬂv&%'cﬁnﬁh@%ﬂ. ng angl eS are set 10 to be 5
degrees and 10 degrees as described above, and the ratio of crystalline

particles sati sfftiengitihicarici @¥RTES SO al Bﬁf: ‘?)"a?tr'&@s 5‘1‘&'}?1{?51@15@}1 3! B%&%UGL%
surface of a film 502, a perpendicular |ine of surface. di agr am of
back pol es aspawruldy hidgx #bye, t© 14T HEXESiALE the JﬂQHmBLr’of{a%ﬁst%p{}m 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 of 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 following

formula.

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

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

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



and {001}, and the other plane azinuth appears as the shearing val ue
increases 15 relative to {101}. As the shearing angle from {101} becones
30 degrees, then, {112} devel ops. Wien the ratio of existence of
crystalline azimuth is to be determned by the EBSP, therefore, the

al | owabl e dihedniciog i@nghecmustednear daver mk nedid ara tie isaystall ! )hﬂ‘?c P@H hcles
that are distributed in a fluctuated manner so as not to |nc ude ot her

i ndexes. The! finesant ahnvental s pve ﬁ"lﬁ?%\égﬁé‘ﬂh&hﬁi d AR ABshatd & Qfown
exi stence of crystalline particles oriented in a particular azimth can be

quant it atiinely. expuessed:pycea kedel Agabhel data Wklgsethinghbhe afjowabl e
shearing angle to be smaller than 10 degrees or smaller than 5 degrees.

BRI EF DES@RLRRLN, e sThi ] QRA&M(N@SHF&@MM%H'&G@UWO@QE@UL@ c_t' Gk 1@Q§ﬁ§u(%f a
crystal line sem conductor fil'mof the 10 invention fotnd by

met hod;5 Fiagd &hd Saﬂodd)ﬁgﬂi@m kb Hst rRAh NGebhe RSk ULkl a&ﬁ@%’% idew ce
of the present invention; Fig. 3 is a diagramillustrating Fhe concept of

measur i ng Ref&anpt Bulerilg ERIR 115 psfu&hemor@@%e@& g‘sﬁ\ﬂ‘ﬁﬂié gﬁc%ﬁl&%m %hand 4B

are diagranms of back pol es obtained fromthe EBSP data o present
i nventionin Fig@ 5, Byriekathdé ageamhbdiustinatl pgs %h?af\kﬂflnasggllhﬁé O {'rttxebﬁot{ 101}

orientation of the present invention; 10 is a |agr l'ustrating
the fluct yalid 1|1ﬂmtﬂﬁ)uﬁiﬂé?&l@%‘ﬁqu&rfﬁw 508 %%E alihinge AT 4d 5'1(?@& le range
preferentially oriented near {1 of the present I nvention; I'gs. "7A-7D
are di agr afie) dédrees 5@4.1 iR IRE ABH-Qind B AY: ALK I nguct or
filmof Enbodi nent 1; |g% L8 aﬁgC Bn are |agradr§13£y£l§ %ésh{rﬁﬁ 3‘%’3‘@aﬁ§e od of
form ng theberydealeks ned L (28 ORAUCEAbed by Of oML IR 12y Kl gFe 9A 9C
are di agrans |IIustrat|ng a méthod of formng the crysta |ne

particles satisfying this is expressed. Reference numeral 501 indicates surface of a
film; 502, a perpendicular line of surface.

In the diagram of back poles shown in Fig. 4A, the vertexes are {101}, {111}

and {001}, and the other plane azimuth appears as the shearing value increases

15 relative to {101}. As the shearing angle from {101} becomes 30 degrees, then,

{112} develops. When the ratio of existence of crystalline azimuth is to be

determined by the EBSP, therefore, the allowable shearing angle must be

determined for the crystalline particles that are distributed in a fluctuated manner

so as not to include other indexes. The present inventors have discovered that the

20 ratio of existence of crystalline particles oriented in a particular azimuth can be

quantitatively expressed by collecting the data while setting the allowable shearing

angle to be smaller than 10 degrees or smaller than 5 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a diagram of back poles of a crystalline semiconducror film of the

10



sem conductor filmof Enbodi ment 3; Figs. 10A-10C are diagrans illustrating
a nethod of formng the crystalline sem conductor film of Enbodi nent 4; 20
Figs. 11A and 11B are diagrans illustrating a step of fabricating a

sem conduct or device of Enbodinent 5; Figs. 12A-12C are di agrans

i | 1ustrati ngvansoepoefid babhe ¢@Singetihel;sem conductor devi ce of the present
invention; Fig. 13 shows SIM data expressing C, N and O concentrations of

sanpl es by 25 ligi 6igis Si HikgrGaHfuangihg the gases@fiod |’b¢ R ESEM (LAVERYT AP,
Fig. 14 is a graph show ng Ce concentrations of sanpl es (SGN5) and ( SGN10)

11 neasur edrbyenSliMeeofioh;ne present invention; Fig. 15 is a graph
illustrating a relationship between the anmount of addition of GeH4 and the

density of gendiiat] gm difgienyshalrhiing thuebsicRibf Eaﬂ%s@zﬁﬁ&@@&m' )TLVWEHLQE'Bb
Figs. 16A and 1613 show X-ray di ffraction patterns of Sanples (SN)

(SGN10) Dy df hkee Bresed0ieirhfagh; of the present invention; Fig. 17 is a d| agram
of back poles of the sanple (SN) found by the EBSP nethod of the present

i nvention; Fi gFid84iAsaral 4B agr @Ry @nRAckcPpbRS oBfaihhersaMMea: K SN} f1QumE: by
the EBSP nethod of the present invention; 10 Figs. 19A-19E are di agrans

iI'lustrati pgesehenstepsoQf fabricating TFTs of a CMOS structure of
Enbodi nent 6; Figs. 20A-20E are diagrans illustrating exanpl es of

el ectroni c deviFges @fa dibshedilmBat By HedSng %ilaAtc?,lﬁ%][ﬁrtﬁe 3'1@%%& ntation of
illustrating exanples of electronic devices of i ment 8; Figs.

22A- 22D ar eh@dbageantivehlidst rati ng an exanpl e of a pr 01 ector of Enbodi nent
8;
10 Fig. 6 is a diagram illustrating the fluctuation in the < 101> azimuth of
crystalline particles preferentially oriented near {101} of the present invention;
Figs. 7TA-7D are diagrams illustrating a method of forming a crystalline
semiconductor film of Embodiment 1; |
Figs. 8A and 8B are diagrams illustrating a method of forming the crystalline
15  semiconductor film of Embodiment 2;
Figs. 9A-9C are diagrams illustrating a method of forming the crystalline
semiconductor film of Embodiment 3;
Figs. 10A-10C are diagrams illustrating a method of forming the crystalline
semiconductor film of Embodiment 4;
20 Figs. 11A and 11B are diagrams illustrating a step of fabricating a
semiconductor device of Embodiment 5;
Figs. 1ZA-12Care diagrams illustrating a step of fabricating the semiconducror
device of the present invention;
Fig. 13 shows SIMS data expressing C, N and O concentrations of samples by

25 using SiH,, GelH, and H, gases of the present invention;

Fg. 14 is a graph showing Ge concentrations of samples (SGN5) and (SGN10)

11



Figs. 23A-23E are diagrans illustrating a nethod of formng a crystalline
sem conductor filmof Enbodinent 8, 20 Fig. 24A is a graph illustrating the
concentrations of nmetal elenents nmeasured by TXRF (Total Reflection X-ray
Fl uor escene Spectroscopy) before and after the gettering treatnent and
Fig. 24B ascaudidby aivExpf dienpmgera imeaswei;ng nmet hod of TXRF of Enbodi nent
7. DESCRI PTI ON OF THE PREFERRED EMBOD| MENTS 12 [ Enbodi ment Mode] This

i nvention has Rigfléat ureeaplnilhBattinhe ehyshahip ewsenilcomtoonont dddimmuséd as
the channel -form ngg region of a TFT is the one containing, as a nain
conponent Geldj khd ohe dbhsity bSgdicghliyn of bentéiinonutkec{ delprebattingenpbane.
According to a 5 representative enbodi nent for obtaining the crystalline
seni conduct or Higd moA et dbB dicenettay sliffntrioducadeinnta sdreplsur(Gadeand an
anor phous sem conductor filmforned by a plasma CVD nethod or a | ow
pressure CQYONEdhedhyOusithgeahgdsf dic preshydinivdesion; f | uori de or a chloride
of silicon atons and germanium atons in order to assist the i

crystal | i zati ¢ho.of 7 1he danmuophofibasie potandudicosarfplen{Stdndand by shal B 10
sem conductor filmis formed by the heat-treatnment by utilizing the netal

el enent. Agethbe guhstpradea fiorerftanyi ng the crystalline seniconductor film
there can be suitably used an alkali-free glass substrate such as an

al umi na bor ositid.ci8 & gldasgant of back pridiasfodicl sacaple (1Ml sourky piy chb 3SR
#7059 gl ass substrate or a#1737 gl ass 15 substrate of Coning Co. is used.

There canphehbdrdfhBe prused: av@uafdg substrate or a sapphire substrate. O,
an insulating filmmay be forned on the surface of a sem conductor

subst gt e of $idsi qom,. 198r srenitmangallldsumringrher sepi of tabriseig Tad saof a
substrate. Wen the above gl ass substrate is used, a blocking | ayer of
silicon nCOERsru@@irs bl Fadidaxmedecor silicon nitride oxide is forned
bet ween t he anor phous )
Figs. 20A-20E are diagrams illustrating examples of electronic devices of
Embodiment 8;
Figs. 21A-21C are diagrams illustrating examples of electronic devices of
15  Embodiment 8;
Figs. 22A-22D are diagrams illustrating an example of a projecror of
Embodiment 8;
Figs. 23A-23E are diagrams illustrating a method of forming a crystalline
semiconductor film of Embodiment &;
20 Fig. 24 A is a graph illustrating the concentrations of metal eJements measured
by TXRE (Total Reflecrion X-ray Fluorescene Spectroscopy) before and after the

gettering treatment and Fig. 24B os a diagram explaining a measuring method of

TXRFE of Embodiment 7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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sem conductor filmand the glass substrate. This prevents inpurity elenments
such as alkali netal elenents contained in the glass substrate from
diffusing into the sem conductor film For exanple, SiH4, NH3 and N, are
used as reaction gases in the plasma CVD nethod to forma silicon nitride
film O, db#MhodNaOrandolM3 are 25 used as reaction gases to forma silicon
nitride oxide film The blocking layer is formed maintaining a thickness
of 20 to 200 r uhhis13viFheraherphauscsethaahduetesnlibicskomic ke mdiignidtes
substrate by the plasma CVD nethod, |ow pressure CVD nethod or by any

ot her suit abkebaenthbthrnMhgnegidhef plldshe VR wethadiiiseappl inath cdgoheact i on
gas of SiH and GeH4 or the reaction gas of GeH4 diluted with Si and H,
is added andidomt nbdticed Highle éientedr@aahiofil Chanberccapdnis deeonpased By a
hi gh-frequency electric discharge of | to 200 Miz to deposit an anor phous
seni conductroprebihmrxion chittedsubsat foatBrailine cheeastdline asnivBMdeant A, .Shete or
SiF4 instead of SiH 14, or may contain GeF, instead of GeH4. Even when the
| ow pr essurtniMD ireidoduds] iaaptiayRaiaca of hifahasrpheactd@RondasoneymiierHegd.
Preferably, the reaction gas is diluted with He, and an anor phous 10

sem conductgra pidsma E\deOpesilicebopn Ihe psetbstd aheDadcehd®mparaidiheyRf o490 to
500C. In any way, the gas used in this invention is the one that is hi ghl y
purified tayddeeredseriiber aehdendd af dilgash oforhymsd btymahiarEM SHCHJRS to
oxygen, nitrogen, carbon that may be trapped by the anorphous

sem conductaistfihbraryhatlizhGogdegasict:8dorpHigs RADEGROUSOS B CORFUCE 8 Allihn
that is deposited has a thickness in a range of from 15 20 to 100 nm The
anor phaos seficeadduetrofilhi lsmfsieed! iy thé ShéVeaid@hCont AiRangi tHCoRe@s a
mai n conponent and germani umin an amount of not smaller than 0.1 atomc %
but not | agigaferithan 10 atomc % (preferably, not smaller than | atomc %
but not Ilarger than 5 atomc % . The content of gernmani um can be adjusted
relying upon 2@sthe sibxing hafdrtind (S HsanthCek#idsadcas yRikale &gastion
gases. The anor phous sem conductor contains nitrogen and carbon at

concent r atdanbipfisehmh hefalt fad ghsXsubstrate such as an alumina borosilicate glass or

barium borosilicate glass. Typically, a #7059 glass substrate or a #1737 glass

15 substrate of Coning Co. is used. There can be further used a quartz substrate or a

sapphire substrate. Or, an insulating film may be formed on the surface of a

semiconductor substrate of silicon, germanium, gallium, or arsenic to use it as a
substrate.

When the above glass substrate is used, a blocking layer of silicon nirride,

20 silicon oxide or silicon nitride oxide is formed between the amorphous

semiconducror film and the glass substrate. This prevents impurity elements such

as alkali metal elements contained in the glass substrate from diffusing into the

semiconductor film. For example, SiH,, NH; and N, are used as reaction gases in

the plasma CVID method to form a silicon nitride film. Or, Sit,, N,O and NH, are

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

formed maintaining a thickness of 20 o 200 nm.

-
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1013/ cm and oxygen at a concentration of smaller than I x 1019/cnB, so
that the anorphous sem conductor filmw |l not be adversely affected in
the step of crystallization and that electric properties of the
crystalline sem conductor filmthat 25 is fornmed will not be adversely

af fected. A ndilad arebgrents sksidmtchadockoh isfoonthenstickabarat byhbe thassif or med
anor phous 14 sem conductor filmto assist: the crystallization of the

anmor phous (S8épircordulcf@r prédssim CVhene thah obéy usedteneuanbomettkichds/lafn et al
el ements selected fromiron (Fe), nickel (N), cobalt (Co), ruthenium
(Ru), rhodiaumlssRh) Ch\pal adiadnis( Be)lied, abairumd@®s pas iof iSdiHymnd GkJ-, pbratlicnum
(Pt), copper (Cu) and gold (Au). These netal 5 elenents can be used for
assi st i ngrdsheioor ystat] GeZatdlilon:dividhi Famip hbus addedicdnduetiored ihm ilk any
one of the inventions disclosed in this specification. The sane and equal
ef f ect 5 careabeioalthainted doyl isdeagnpoyeddne: bight hegahoveldrtialliscBhgreiftisio
Typically, however, nickel is used. The portions into which the netal

el ement s 20@ Nihlzr aduegdsimay haotgiewhehtcoddisur faeeonfhthedhamrphdis

sem conductor film slit-like surfaces or dot-like surfaces at suitable

pl aces onrchbdosynf ace hriinesigipshidyssseri G onEciahad tdmaid Gethstdadr mer
case, the place nay be either the surface on the substrate side of the

anmor phousofSeste oRdete dterf dhleb@préRarsUMaae dand ihan sioded apposiat e dceiohhe
substrate. In the latter case, an insulating filmis preferably fornmed on

t he anor pheusaylbe s, cdorfieblr el demt tigingdad b dilnridakic@lleaed drsambtlasyced
t hrough openings forned in the insulating film There is no particular

lim tesi cannBotdecst 26maf déheielen igsubsdale dheewdihourayf hed 19500°0 m
The length in the I engthwi se direction may be arbitrarily determned to

be, say, Ihrom sewerbé diensedfinnihes aieni@nSEV@lcabnd @Rst of highgnbumgtérs. 20
There is no particular limtation on the nethod of introducing these netal

el ement s (RogkRBYhEebhath CaoRe-EMph ey edleptams dath idofy@eABnidrdiehatubbhm on
the surface of the anorphous sem conductor filmor inside thereof. There
can be that may be trapped by the amorphous semiconductor film that is deposited. The
amorphous semiconductor film thar 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
amain component and germanium in an amount of not smaller than 0.1 atomic %
but not larger than 10 atomic % (preferably, not smaller than 1 atomic % burt 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 oxygen at a concentration of smailer than [ x IOlg/cm‘;, 5o that the
amorphous semiconductor film will not be adversely affected in the step of
crystallization and that electric properties of the crystalline semiconductor film that
25 s formed will not be adversely affecred.

A metal element is introduced into the surface of the thus formed amorphous

4



enpl oyed, for exanple, sputtering nethod, vaporization nethod, plasnma
processing nethod (inclusive of plasnma CVD net hod), adsorption nethod or a
nmet hod of 25 applying a solution of a netal salt. The plasma processing

met hod utilizes the nmetal elenment sputtered froma cathode in a

gl ow di schaegecatdmsphéhe of asair tinettysgalzatiolboTie: aelheld-@f scappbtil ngica
solution of j netal salt is useful since it is easy facilitating the

adj ust ment fibfa. coheantamtbicanedforthe wetakinegl efenttal Aenidigs Reibadeds@bib, irbher e
can be used various salts. As the solvent, there can be used water,

al cohol s, dFeehyides|, (l‘ét)hebb(llm((}@r)lyrtﬁﬁﬂaﬁﬁu@r@hm chs@uvieRh) Opaldadrist Up®, 5
of water and the organic solvents. Further, the solution is not necessarily

the one inowhiwh (e, netah $8| blatisuao() Eﬁd:?:lp)h dssohvedid hergi Thoutnomy he
the one in which part or whole of the metal salt is present in the state

of a suspeskinames Whhghéyersedrefdnodssigirgmhey edystdinga it abi elhemRiohBous
i ntroduced bei ng dispersed on the surface or inside of the anorphous

sem conduct@nichindine tdiGilAf themytdie dehalnehemmptiidcfstats adygadify @y pRe of
t he above net hods, the anorphous sem conductor filmis crystallized by

utilizing ghec rmidak:qahleerﬂ’@@r cdih®e Shivsial Ibyzagmemysoﬁ& f&fcmda!@dvé hﬁ‘uﬁﬁat
treatnent, or the irradiation with an intense Tlg t such as | aser beam

ul travi ol e@ler@mpr“ﬂypfd&apeﬂow@‘y@l iReehgakedreatment only is enough for
obtaining the crystalline silicon filmwhich is preferentially oriented in

15 { 101}. Pref ﬁ[@@lM@nh@%\ﬁﬂﬁaﬂﬂellllé@aﬂtelélﬁ@ﬁ@srﬁ@@ﬁmrd)&:&fdf 1884 B RN Ghothen,
an intense light such as |aser beamis projected. The | aser treatnent

after the feflcetofeht MR phHEPRINk S oARG @X il YL SHRS s eyt @k ddefigetsrheld in
the crystalline particles, and is effective in inproving the quality of

the cryst alissdibdfle & zﬁ:cfsQflmi‘l‘iie suigchefthd raﬁﬁhp’ﬁ@hs GaRikendugted vele a
range of 450 to [O OC The 20 upper |limt of tenperature is considered as

an upper |fbfinkr @hisd efMepicdr @aWHCRichbe ths ubstikats Trh@tsubﬁlék%egdé'qgt
wi t hstand. For exarrple a quartz substrate can withstand the heat

treat nent aahoMRREseh@m ke dliass: gubslk h@& &nl GeURRApHIANB S the bRIG (RRET
limt of tenperature nust not be higher than a distortion point thereof.
When, for In the larter case, an insulating film is preferably formed on the amorphous

15 semiconductor film, and the mertal element is introduced through openings formed
in the insulating film. There is no particular limitation on the size of the openings,
but the width may be 10 to 40 um. The length in the lengrhwise direction may be
arbitrarily determined to be, say, from several tens of microns to several tens of
centimeters.

20 There is no particular limitation on the method of introducing these metal
elements and any method can be employed provided it forms a meral film on the
surface of the amorphous semiconductor film or inside thereof. There can be
employed, for example, sputtering method, vaporization method, plasma processing
method (inclusive of plasma CVD method), adsorption method or a method of

25 applying a solution of a metal salt. The plasma processing method utitizes the metal

element sputtered from a cathode in a glow-discharge armosphere of an inert gas.

-
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exanpl e, the glass substrate has a distortion point of 667C, the upper
limt should 25 be set to be about 660C. The required tinme is suitably set
dependi ng upon the heating tenperature and the subsequent treating

condi ti ons (e , Whether the 16 treatnent is effected being irradiated
with a | aserl’ ttaa&nj hodSof 4patyiyig aRoleuer of A hetal heiats dseaatmeat: i Sasonelet et at
550 to 600C for 4 to 24 hours. \Wen the laser treatnent follows, the heat
treatment i sheodguahed: af c&0QntoBSAE hormdat olhaurs.  The hear treat ment
may be conducted in the air or in a hydrogen atnosphere. 5 Preferably,
however, the hedts threacrgntli ehecordudiadel vanibls 088N AL (hd s@Reh N8Rt 935

at m)sphere The |l aser treatnent is effected by using; as a source of |ight,
an exci mer basefrd woferpalvalel endthydt, shert®untRane 349@&1@1@5()9[{,11@Qﬁoﬂﬁwmm
har moni cs (wavel ength of 532 nn) to fourth harmonics (wavel ength of 266
nm of YAG of wiMhrldederergdhie sodsels. 10uheam s shpaused dontlﬁc@ssahgﬁ Hlorfe
spot through an opti cal system and i s proj ected with an energy density of

100 to 700 mdwbd; chieBesal theisl-oalsied]) asailvheamssans ﬁ‘\hﬁbt, Rreget f?lr\ﬂh%d
region of the substrate to execute the processing. It is further allowable

to use, inspgadrefhdloerlBsaletal 35’1%%8?}9@5’&11|L%th§1}(e@95 sLgMRsicR. nW‘PLHﬁé(vua”p
or a netal halide lanp as a source of light. 15 The mechani sm of form ng

t he cryst alihifAgodErhGAREUE HIRF nictd I NAM G 18 bdl zgﬁgc%uz‘?(f &1@;@&@5{1 Bh @i@@ sifrbQd} of
this invention through the above steps has not yet been clarified but is

estimated tg 1521@1(1@&)(&&5Qiﬁ]h&gﬁoﬁﬂ&ﬂkoﬁti[@&n fike crystallization is effected
by the heat treatment at 400 to 500C whereby the netal elenent reacts with

siliconiao fortafiarshe hesleWRkaPisSBENLISCAS by %QnydeS(Sﬁth'qu»%v@% Blodt ek
contribute to growing the crystals. For exanple, when nickel is used as a

repr esent ataiverpieiglse eh@iRR tort Mgk & él%Stfqﬁ[z@'ﬁq)yaqul'lz%lﬁe IheSHc6418ement. The

(hereinafter witten as NiSi,). The structure of NS, is that of fluorite
in which acrydcglkiehtiah Wﬂf@ct@d [79‘”9@@105’@&‘6@61?015{'%1 $hé '1199('1‘1”3[{@:{1 ifﬁ?%nqltuﬂ@
di anond structure. Wien the nickel atonms are renoved fromN Si,, there

remai ns théighk yatlaht [R€r beam, ultraviolet ray or infrared ray. The heat treatment only is

enough for obtaining the crystalline silicon film which is preferencially oriented in

15 {101}. Preferably, however, the heat trearment is effecred and, then, an intense

light such as laser beam is projected. The laser treatment after the heat trearment

repairs and exringuishes crystal defects left in the crystalline particles, and is
effective in improving the quality of the crystals that are formed.

The heat treatment can be conducted over a range of 450 o 1000°C. The

20 upper limit of cemperature is considered as an upper limit of temperature which the

substrate that is used can withstand, For example, a quartz substrare can withstand

the hear trearmentat 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 about 660°C. The required time is suitably set depending upon the

heating temperature and the subsequent treating conditions (c.¢.. whether the

16



25 structure of silicon. It has been known from extensive experinental
results that the nickel atons mgrate toward the side of anorphous silicon
presunably due to that 17 the degree of solid solution in the anorphous
silicon is higher than that in the crystalline silicon. Therefore, there

can be est abtatshed ia cffodeld bainyhirefianidckeh a fRemeanyssalhbrel 1§llecb@!0r!h¥\/m le
mgrating in the amorphous silicon. NiSi, is not particularly oriented

When the aromphousnsemiiconddetion Hiid50 (BEORE fort hics krass, of \%cﬁ%w@“mm
however, the NNSi, is permtted to growonly in a direction in parallel

with the surd‘ﬂn"@nmﬂfolﬂdm% shibdtratenlam ihicndeRse) o 918 ©Nengy. i 1}&9@ 10ugs.
smal | est on the interface where the NiSi,-cones in contact wth the plane

(111) of clrlysthaht imensihi aoy. hd h@h@ﬂ‘l&[@unt@x@ At @E‘Qn'{' g@ro@Umelem}& ]Ihut(_h_e
surface of the crystalline silicon filmis a plane ( and this lattice

pl ane i $ pretfereliylabbyvarilented.crdberniQ &mu@l&?ﬁtﬁi@p}g@;{& :9‘541 meL gas
crystals is in parallel with the surface of the substrate, and

crystal s gaowobplkgepol es, there exists the degree of freedomin the
rotational direction mﬁth the pole-like crystal as an axis, and the plane

(110) is not n&teslaar hyan@irirenéfetced by ginkhes §EQUI%LQ§?'I‘1%hge(ﬁle&ctulﬂ@¥ Ea@{:lher
lattice planes nmay precipitate. In order t6 enhance the“orientation o

lattice plahewal@lknjgthbftherer Haahdo AR, of 2e &S BRANGEOWE I oSS 37
i nvention has contrived neans for containing gernanium at a coﬁcentratlon

of 0.1 to ﬂ.ﬁh)at)Qidﬁlillx¢h%aaﬁl(ﬁi€@f’($vaf\r@f011krﬂp@§7(ﬂﬂmln')@fw&%nm)t PRer. dineekion of
rotation of the pole-like crystals and for decreasi ng th Hegree 0

freedoid Fhazst js fotub@binbeanineksersyed Hrbat 1%1h%p@1%ﬂ§éy%é’cn‘?5n& %de M ek
crystalline nuclei 20 decreases when gefmaniumis contalne he

amor phous ®i kheaty dendrcongentHard®n,)/ @k’ 0.d, EQ_%91%E@W%%L%deian%@hihows
the results thereof wherein the density of crystalline nuclel decreases

with an i noedaseniined hegmounthokubeiM: added e t:he pﬂi)k@%‘%n%f F]Loﬁsmlﬂ%the

anor phous silicon film i.e., decreases with an increase

concent r atdllowadie gensmmdd sRapRed P | h%&m%&h%tﬁn%h L6PN, fld- My, \Mﬁﬁg
Ni Si, 25 that is a crystalllne nucl eus is formed I's consi erea that the
cr yst al s are geeMildide lamp as a source of light.

15 The mechanism of forming the crystalline semiconductor film having a highly
oriented plane {101} of this invention through the above steps, has not yer been
clarified but is estimated to be as described below.

First, the crystallization is effected by the heat treatment at 400 to 500°C

whereby the meral element reacts with silicon ro 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, cthere 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 lattices of the diamond structure.
When the nickel atoms are removed from NiSi,, there remains the crystalline

25 structure of siticon. It has been known from extensive experimental results that the

nickel atoms migrate roward the side of amorphous silicon presumably due to that
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whi |l e expelling germaniumdue to a difference in the interatom c distance.
18 Accordingly, germanium segregates on the outer side of the pole-like
crystals and it is considered that its presence decreases the freedomin
the direction of rotation wth the pole-like crystals as axes. As a
resul t, it Ubedsses posdichidutiongpt dicnmordrystalifine Bishicomiuthar s tm
having a highly oriented plane (110). 5 Next, described belowis a
rel at i onshFpyshelineenicone Ebadiiviconkeist caoprasiconshand whdelorn whict neRcbf
crystals observed by the EBSP nethod using the crystalline sem conductor
filmfor rreﬂn‘aésccowiiﬁgwt&ylutch‘euﬁindvewwmw%dm puarplbovelicpabl e 1 shows the
conditions for_ form ng the anorphous sen conductor filmby the plasma CVD
met hod. The hi §hot ieqoenpeyicellasbt piienigowel hes Weasaanpagus garicnpA)cigtiidm 10
is nodul ated into a pul se discharge of a recurring frequency of 10 kHz
(duty réatibas othigbogssaid i © F&inme howe veattheddiSef is paenplekvagiovDodevnce of
the flat plate type. Oher comon conditions include a reaction pressure
of 33.25 Pairecigupsparatiel witbrpesatfaseoihczobaraid la thisspanche betigeénthe
el ectrodes of 35 mm Table 1 15 Item SGN30 SGN10 SG\N5 SN SiH flow rate
[scan] 70 @o0alhst poghe Gerrfaceyhdsaske Nifyomaun cansqiscdnihapane (115 o -
R T RF Power chm] 0.35 Pulse frequency (KHt] 10 20 Duty
[%4 30 Pragsateqsdiorg3lkecigabdendte: ingrppallaisubly UfaurBoe of dal orypetingen
el ectrodes (GAP?_ [m 35 In order to change the content of germani um
rel ative toliit ibors a pheend Chgnd 2bisrlatiice plene frepfefow raleonen @eHAVGas
diluted into 10%wth SiH4 and 11, is changed in

10 the direction of growth of crystals is in parailel with the surface of the substrate, and

the crystals gr;w like poles, there exists the degree of freedom in the rorational
direction with the pole-like crystal as an axis, and the plane {110) is not necessarily
oriented. [t is therefore considered that other lattice planes may precipitate.
Inorder to enhance rhe orientation of the lactice plane {101} of the crystailine
15 semiconductor fitm, this invention has contrived 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
freedom.
First, it has been observed that the density of formation of crystalline nuclei
20 decreases when germanium is contained in the amorphous silicon at a concentration
of 0.1 to 10 atomic %. Fig. 15 shows the results thereof wherein the density of
crystalline nuclei decreases with an increase in the amount of Gel, added at the
time of forming the amorphous silicon film, i.e., decreases with an increase in the
concentration of germanium trapped by the amorphous silicon film. When Ni5i,
25 that is a crystalline nucleus is formed, it is considered that the crystals are growing

while expelling germanium due to a difference in the interatomic distance.
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a manner that the total flowrate is constant. Under the conditions
described in Table I, the flowrate of GeHt diluted into 10%with 1-1, is
changed to 30, 10 and 19 5 seemunder the filmform ng conditions #SG\30,
#SAN10 and #SAG\N5. The SiH4 has a purity of not |ower than 99.9999% and

Cel 14 cont®imsdinigly, egemaandn sbydpoeanbamecameuAds iRe AIRURALS - B H' bnd
llarger than 1 ppmand COL in an anmount of not larger than 2 ppm GeH4

i s added umdierohbigleoohdiaiiepr#dNce dedhasdhiiekhassnels tihel 1@@@[&91‘@1‘&%[&101}
sem conductor filmthat is deposited is set to he 50 nmfor all sanples.

The cont enwstlothaipuiobke,creanlbon Bnd. Qxygﬂ@sﬁﬁnhﬂkﬂ%ﬂqux%Q%<ﬂ@?%ﬁh%%5a
sem conductor filmfornmed under such conditions are neasured by t

secondary chronlingassicpRELt@NEL hevimetnedh(ShMI) ed Fi {Sne @.ﬁl(ghows t he
results thereof. 10 Sanpl es used for the neasurenent have filnms | am nated

on the $iliconhaysdeti®et el des rcthridShipHoENben ﬁﬁcﬂn%@mogqg?'f’oﬁ“[1(9{
these filmformng conditions, the contents of nitrogen and carbon are

sl | er t hand Sh oli@B e ofngstheolsententy gfe EPEPIRR LI S {[%cztyg'@‘lﬂuiln X
1019/ cm . The thus formed anorphous sem conductor filns are crystallized by

using 15 sunckehdastca fifet &rmeldesmotdtBriough ﬁib@nh@ﬁtdnl&ﬂﬁftdnﬁﬂ}vcatT%:{Qq ina
nitrogen atnosphere for 4 hours and throug the | aser treatnent. N ckel

was added dhowisihe@onaitiGeiieedsmeak Uhé MGG RinlidoAdcdket ﬁﬁﬁ%sf"%ﬁ@ Bsnd
concentration of 10 ppm and by appl ying it using a spinner he I[aser

treat ment @& eantlud! Ethoighsh gy X&Clric P¥HTRS 0. 3§S@Vc1{1§"82’ﬂvﬁq toned, 308

tanm), adjusting the irradiation energy, density to he 20 00 mJ/cm ,
and at 1@n iovesddpRidnig b at i dsOflisIa sl 9% c[hed ﬁ‘@&‘uu{cyq 1 (1§ ﬁlf agct ed
for crystallizing the uncrystallizéd portions of the filmsu jectg to the

crystal | i z4t3096) an@ugledtbenbeathddesatmeniiand Cf\Q’D d&pal (Iw g el )%{S%@ the

crystalline particles. Defects remaining in the crystalline s m conduct or

filmcan Wedehfeahinsl YondRifRGheRsR RYadhig: hydkogenation preatight, 4.0

contain hydr ogen at a concentration
temperature of 300°C and a distance between electrodes of 35 mm.

Table 1

15 frem SGN30 | SGNI0 [ SGN3 | SN
SiH, flow rate [sccm) 70 90 95 100
GeH, (H, base 10%) flow rate Iscom] 30 10 5 0
RF power [W/em'] 0.35 o . -
Pulse frequency {KHz) 10 o e —

20 Duty [%) 30 e — —
Pressure {Pa] 33.25 — o e
Substrate temp (Tsub) [°C] 300 — .
Gap between electrodes (GAP) fmm] 35 . o N

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

Table 1, the flow rate of GeH, diluted into 10% with H, is changed to 30, 10 and
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of about 0.01 to 1 atomc % The hydrogenation can he effected by the heat
20 treatnment at 350 to 500C i n an atnosphere containing hydrogen. It is

al so possible to effect the hydrogenati on by using hydrogen formed by

pl asma. The filmfornmed by the deposition of a fluoride such as Si P4 or
GeF4 permit$ sctmonndie the fllemirmihg cbh@ivichis [ ASEIN D, GanGeNDratd gs@is0.001 to
1 atomc %to conpensate for the defects. 5 Fig. 14 shows the results of
eval uating SHd, es mgnirin fanaeoticatchom 00f9ad9es, $hHs; ¢l Yetahldszag #SENE] and
#SAN30 by the SINB The content of germani um for silicon is 3.5 atomc %
in #SGN10 ahgdicgailiorD cah@mued%ih mi#SENS QG Mhemreeation atgdnf iamctde if lew
rare ratio of GeH4 relative to SiHi, gernanlun1|s trappe inthe filmat a
ratio 3 to dmbuesfas:llapgedas 3idieoMNo @’HI@ ik S J088 Awsiey (I koddiih HELN.
deconposed by the glom1d|scharge requiring energy smal | er than the energy
requi reds fohethekfetd & .chétinicsphbed @horeng@nst e @&1{*15‘@&1}(’9@%3 ALY
germaniumat a concentration of about 1.0 atomc % Fig. 16 shows the
results of mmabuktnepipled a diffraction peak (220) of the sane sanple by
the 0 - 20 nethod. The peak position is 47.466 in the sanple #SN 15 and

47.41.7 in the'§hﬁﬁbﬁﬂﬁ§§Nﬂrhﬁ@b§ﬁttﬂgoﬁzﬁﬂi5&wﬁﬂw&hﬁu@@ﬁKnQ@§J&h@ﬂﬂQH% to
the addition of germani um Details of the crystalline azinmuth are Tound by

the EBSP methotondrk@or i¥mifSrded @hﬁl@[’%@I@f:o%@l%n@%l@ﬁm‘ﬁturﬁﬂ% r(arb‘%l‘.@n#“ﬁl\"

and Fig. 1 is a diagramof back poles of the sanple Fromt he
di agranms ofiohrRCkiROIspscrrbinel:Sc QRSGIMEdSINISS. the. Q|Ba§lﬁ)\%0 tl{l(, 11@411 ts kBereof,
strongly oriented in the sanple #SGN 10 shown i'n 1. In the sanple

shown i 10 FiSgundZs ueni fohehOhhaEuhand %%qrnﬁl@ulﬁﬁm&i éﬁ@ﬂc, Qﬂacah%ugém% if
101) and on a plane {311 } m dway between the plane {001} and the plane {

111 }. As orééesenssl dasand, L#$@NL0 Rijgded 81 bt ﬁb@iﬁﬁﬂr@mlmﬂ &ﬁﬁi&tleﬁé ‘%ﬁeof

the crystalline silicon filmformed on a quartz substrate by th

treat ment @bn@&ﬁ@oﬁf%trg&lh‘?ﬁkﬂ Sardh '11%%11”]1@? tﬁ@ﬁ% X 'lbisvccl'nmﬁ%ﬂ‘(@goﬁ{@ﬁ dehe
plane {111} has been stfongly oriented Table hows the results o

ori entati oBxy@dd RSufllct 1 1 { 00%}om{ 111} and

The thus formed amorphous semiconductor films are crystallized by using

15 mnickel as a metal element through the heat trearmenr at 550°C in a nitrogen

atmosphere for 4 hours and through the taser weatmenr. Nickel was added by using

an aqueous solution conraining nickel acetate ar a concencration 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 bo

20 300 to 600 mJ/cm’, and at an overtapping ratio of 90 to 95%. The laser treatment

is effected for crystallizing the unuysmlhmd portions of the {ilm subjected to the

crystallization through the heat treatment and for repairing defects in the crystalline
particles.

Defects remaining in the crystalline semiconductor film can be effectively

25 decreased by the hydrogenation treatment to contain hydrogen at a concentration

of about 0.0 to 1 atomic %. The hydrogenation can be effected by the heat
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21 {311} of the sanples in a range where the angles of the lattice planes
to the surface of the filmare not larger than 5 degrees and in a range
where the angles of the lattice planes to the surface of the film are not

| arger than 10 degrees based on the diagramof back poles. In Table 2, #HS

is the data gentrespondisngotsO0R g ol J
and {111} are highly ori egt ed, |T” atmg&) ?ﬂ(t)t%oﬁ%iﬁﬁg% ]]Sh“g wlgL ”é’&é}lﬁgﬁnd

1. 2% (not | argstect han hi@ ;
pl anoe( {101} Oggdw{ 311}ﬂialr(§’@ﬁ§§§§§/”’ é{blﬁ\lsﬁﬁg WFAKIH & Lﬁeﬁ sm I?% ﬁ}n {Ot“ﬁ}ée{

nunber of the @gulcyakient dratd] er n ha of ot her anes
fromthe stgndpmo‘ﬁ? of 1sym"neltdr%{l; LRIU@He@SF}é pf)tftgc* j3}sl'tﬁa ]”Hémédﬁé(tlaﬁ]@em A

oriented in fdnf angdephcdo t occur ce | creases
cor r espondi ngi]y Tabll(éL2151?(%8)2%01“?1[0%@?30%} ﬂﬁwﬂl Oi TgdglsCy 1o ao~

SG N30 75 1 8 2470 #EGN1G31hd ( 0,
150 7 HHS 4 1 105 SO Tt feshl®yode 2%@%5 EERnor R astaiipen %‘f
ger mani um | shaddedkalli00x SEN KGk m%’sma‘éﬁ{}) s | R Cat 0 & enangs "

the orientation of crystals eenlng

ger mani um céit alingdid Nsthenfid b/(mn ﬁ@GN?O Q]pltselsi 6%%\1%2:(3% ml%§$%%0 \A%H@ y

draws a particular attention is that the i'ce

ori ented coppar 0 sanpl e  #SGN .10, th
orientation r atlﬁggélqmsﬁt(%i?/léé\?\n%xﬁll iﬁP(‘%L (Eegrﬁ?i j© a“VFéO éﬁﬁl’d&(ﬁ‘@@fqé@% 1%ﬁﬂlapp‘r

14% even W {hike $ileg 86Srio! e t he or ent ion r
20% 25 within the sheari naoaﬂ tﬁgq Uit ‘HOSG\E SHIFEY s Gr‘naH“Ba(é’elaﬂ és.

Such vern h t 1) are not
acconpl i ghe%@v?\zlﬁﬁb&mg tht@%awgecgﬁtI Lg{f\?ﬂ’}lj&lﬁn‘%@(ﬁgﬁlﬂﬁﬁl Isﬁlﬁéttpba’d‘e‘@m(ﬁ“f%ie
sanpl e #SGN3P, ] 1@0‘3#{(;5 Jr WheR:iDe: EBH&SdeWhaQ%%N%‘ rgoln?ai%p %efw{lgmum ar a

concentration of about 1.0 aromic %.

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 47.460 in the sample #SN
15 and 47.417 in the sample #SGN, indicating a shift in the peak position due to the
addition of germanium.

Details of the crystalline azimurth are found by the EBSP method. Fig. 17 is a
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, ivis observed chat the plane

20 {101} is strongly oriented in the sample #SGN10 shown in Fig. [. In the sample
#5N shown in Fig. 17, on the other hand, orientation is seen on the plane {101}
and on a plane {311} midway berween the plane {001} and the plane {111}, As
reference data, further, Fig. 18 is a diagram of back poles of the crystalline silicon
film formed on a quartz substrate by the heat treatment ar 600°C for 20 hours. In

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

Table 2 shows the results of orientation ratios of { {101}, {001}, {111} and
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increases to 11 atomc % the orientation ratio on the plane {101.}
decreases. 5 Therefore, what these results nmean is that there exists a
suitabl e range for- the concentration of germani umcontained in the

anor phous silicon filmfor enhancing the orientation ratio of the plane {
101 }, and t{Hild trdnbesafphoneenin@ibarcidbe bnos Of de | @EIW@[Q&P(@SUQ) 4@ satm ¢
% The crystalline sem conductor film exhi bi ti ng a high orientation
property onof1betifie bat b carphaten 5 Hodleck Snabhai pathendhe QNN RyJ1addf 'E‘lgn
germaniumat a concentration in a range of from0.1 to 10 atom'¢ % but

al so by suppaessiphgidshe theangent pedlicaiis Ok 0960 (N1 109eRRDE,&arhop,in
the filmto be smaller than I x 1019/cn8B, preferably car bon and nltrogen

to be small diagrharfhaxk $0ts/ GmMTank 2, gxMGEN ulQhQ@c@ﬁ@Jdo% Iuﬂ(héﬁl i& X6 1QL%han’
and by selectlng the filmthickness in a 15 range of 20 100°nm'so as to

produce suckarapkyvles giasiei ¢3ef f el {tihat JtheitlystiahSd, 9.0 Lk a
direction in parallel with thfa sur{f ac}éaotf }he"yslljbst(fa%e Y\Sr(%ce)m((:}r@ﬁgt’a%/ H|h'lrrillle

sen conduct 09 dtplces awd NP nbl Bho@rhent BlleOR b LB Ofvdihe; I '
{101} can be favorably usgd as #he 8hanne| fgr‘ﬁlr;%Lreglgnn Eq %'gn as

t he channel efophinkg §18gi}0mmd qmqiftﬂmﬂhm}gmwrﬁ%rtk@ffop hd Reu! egpnt spsuch
20 as photo-electric conversion [ayer of photo-electronotive devi ces. Xt ,

descri bed beloWwei sf et @xammla, bfiif APLneak!] ﬁﬁ%cirﬁjﬁﬁl B¥ar ylomgcih@neﬁ%é{&t | 1 ne
silicon filmcontaining gernmanium Figs. 12 2C are diagra ratlng

the steps oftahi@psineal b@infint hivgi HY@E%EV@’I@SLJ 'fhé:‘h%stc Borfhy &Yﬁ{ ‘Pi‘lril gcicgm

silicon film@812 containing germaniumis forned a su st r at
Here, the dustal Hiderdtabilnon bibiBl2: fRiche: @6&3& %%ﬁdﬁ%h‘& nose f abri cat ed
t hrough the steps of the follow ng Enbodi nents To fabricate 23

TFTs, the substrate is etched to a predeternlned size for elenent isolation
and is divided into islands- Wen the substrate 810 is a ;lass substrate,
a bl ocking Tayer- 824)is formed. The insulating film813 is used as a
gate-insulating filmin the TFTs and is

Sample g{mi}l{om}[{uu {311}

10°] 5% 110°]5° 1 10°] 5° 1 10°] 57

#SON301 7 F1 8|27 13]19]5
#SGNI10 31 [14] 1 O] 3 (111073

15 #SGN5 12016 | 1 10{3 (0123
#SN 1231110l 712]15]3

#1S 41111003l 12]6!118]4

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

too, a tendency is exhibited, indicaring 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 scrongly oriented compared with other lattice planes. In the sample
#SGNIG, the orientation ratio is 31% within the shearing angle of 10 degrees and

s 14% even within 5 degrees. In the sample #SGNS5, the orientation ratio is 20%

[g]
WPy

within the shearing angle of 10 degrees and is 6% within 5 degrees. Such very high
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5 formed in a thickness of 30 to 200 nm The insulating film813 is a
silicon nitride oxide filmformed fromSiH and N, O by the plasma CVD
method or is a silicon nitride oxide filmformed fromTECS or NyO In this
enbodi nent, the fornmer one is selected and is forned naintaining a

thi ckness oforf@mrivnTheicsneulibt ilngidei P83 0 1exrcbeo f Q{ﬂ'ﬁﬂpﬁl}m@ ‘m% hod,.;
described in Enbodinent 5. 10 On the insulating film813 is forned a gate

el ectrode 8léngflean ehedt géwaldiyn €ondudléng material containing one or
plural kinds of elements selected from tantalum tungsten, titanium

al um num and ol lyhtie Bumy | REEENNBOGoRext, whéh Fideonk2By o'<%‘r’1r1'[ﬁ1}{n ueglmoﬂ%816
are fornmed for formng source and drain region of the TF T. The inpurity

regions 816 iatieafor ned Ibyidnhie %19h Rrdepidg (ABS hed L, Mhen, t l{'?OTJF-ﬁe&ﬁ 20f; the
n- channel type, an el enent of the G oup 15 of periodic table as represented

by phospttor ushaefoae sehiac thescagdeds Wenis the e ksisefa t)thz‘?a Hcczt!ﬁg ¢he H){(pe
an elenment of the G oup 13 of periodic table as represented Bor on

added. Ther eaht@tira@n bis@hl ayefrdopssihallinehd AhH ﬁ&%xkﬁc&H%‘I‘iﬁ‘#oﬁMa 11%‘11“0(”]
nitride film 20 or a silTicon nitride oxide filmTrel ying u

CVD net hod. tITd‘l@ulzmldfdntdlquJfQH@EIanU‘{amI SafdRd AL P 1&%&2{& JifR z%%het 350

to 500C for being activated e heat treatment is effecte ter

i nterl ayer - hagstlca®i gl J hidgma83L4. has been forned to rel ease hydrogen
contained in the silicon nitride filmor in the silicon nitride oxide fi I m

so as to be difflleedyinliikecaliySi@ldibPRIg kh@d LN ?y&ﬁhﬁ&m ;%L?x%z@%

ger mani um t hereby to conpensate defects in the crystalline sili'co

wi th hydrogen.lafher eahter { 1GIOUrig e @athdr i Cl4,0d8%:,,818 d.to
obtain the 24 TFT. SGIE}E;e]t ch};mnce}lu 1f orm ngL reél oﬁlfﬁ%o:bl;r;eﬂgéltn ﬁgﬁéﬁ%l i e

silicon filomentaidimg - Gersmaf #A1a0d is1hhahhy @r o]
pl ane {101} obtained by the i nventll on, t(ex |g| tissé goggp?ﬁgéﬁgé@gﬁs"b%ﬁer ti es

to the gat ecdmsubaliong dﬂdﬁgm@qml@aeﬁ aaddcejre&ﬁ%n 3he T1dECT €ASGHdENSIL Y ©ON
the crystalli ne gral n boundaries and insid
10%/cny’, preferably, carbon and nitrogen to bt smaller than 5 x 10"%/cm’ and
oxygen to be smaller than 1 x 10%/cm’, and by selecting the film rhickness in a
15 range of 20 to 100 nm so as to produce such a synergistic effect that the crystals
grow dominantly in a direction in parallel with the surface of the substrate.

The crysialline 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 properties of the e¢lements such

20 as photo-electric conversion layer of photo-electromaotive 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 fabrication of this invention.

In Fig. 12ZA, a crystalline silicon film 812 containing sermanium is formed on

25 a substrate 810. Here, the crystalline silicon film 812 mav be any one of those

fabricated through the steps of the following Embodiments 1 1o 4. To fabricate
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crystalline particles, and exhibits an electric-field effect nobility.
Though the TFT described above possessed a single-drain structure, the TFT
may be formed having a |owconcentration drain (LDD) structure or having a
structure in which the LDD is overlapped on the gate el ectrode. The TFTs
formed by tlels nventlhsomiean:hecdsed LQdas rlsd tor (Habemeat g am acd ive
matrix liquid crystal display device and EL display device, and as TFTs

for realizilingdal trhbrislhndlm Vritegriat adsciat€ 810 i hatass wistid ot €6icdk@mot hger LSI s
fabricated by using conventional sem conduct or substrates. [Enbodlnents]
The i nvent Bohigfokinede described in further detail by way of Enbodi nents to
15 which only, however, the inventionis in no way |limted, as a matter of

course. [ Enbomxﬁﬁﬁ‘siulilmﬂfﬁmﬂmTIQ;du@;ﬂ dso1 mhgirtshéneloyskakh e T9eni sanguct or
filmdescribed with reference to Figs. 7A-7D are the one that executes the

crystal bi z@trired iby: ddekingsaf 30ebalooalamente imyutdheiiwhel & isytitiase nofridehe
anor phous silicon filmcontaining 20 gernaniumto assi st the

crystal | i zgtitlemil®f (o$irledcoom Ref.afiid NGt by Bh@plabhha EMISnethbe @liagsilicon
substrate 701 is the one represented by the # 1773 gl ass substrate of

Coni ng Co.nide bRkleSUn @eclirdREEUBSNAI®. 79 Lhis theodihsnd, @R RFm AR
bl ocking layer 702, a silicon nitride oxide filmby using SiH4 and N, O by

the pl asnsgs W&iﬁﬁk}h@ds Rk RirSini®y 4 bhieknessrad Iﬂtﬂo“lwmmﬂlﬂﬁnbhgﬁ li1ng
layer 702 is forned so that alkali netals 25 contained in the giass

substrat e by be fetmel b usgeibatialdshehe&em eatidhiethenchi I mformed thereon. The
anor phous silicon film 703 containing germaniumis fornmed by the plasm

CVD nethod, amOnidhedap@stihedilOn3tne SuRsUr alfe/ObcR¥iE Be4alfom diesahai] ge 5
deconposi tion while |ntrodUC|ng the GeH4 gas diluted into 1.0%with SiH4

and H, i ntontihedngaahionl chaibeing The deipiiuledis@ndf tlQRsn GO e Mitdm Tabl e
1. However, the conditions enpl oyed here are those of #SG\5 or #SGN10 or

i nt er medi aﬁﬁtalmndﬂuﬁds@m dianesf aluthguaMiPRUSHE&d ddrgon film 703 contai ning
ger mani umis
Referring, nexrt, to Fig. 12B, impurity regions 816 are formed for forming
source and drain region of the TFT. The impurity regions 816 are formed by the
15 ion-doping method. When the TFT is of the n-channe!l tvpe, an elemens of the
Group 15 of periodic table as represented by phosphorus or arsenic is 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 interfayer-insulating film 817 is formed by a silicon nitride film
20 or asilicon nitride oxide fitm relying upon the plasma CVD method. The impurity
element that is added must be heat-treated at 350 to 500°C for being activated.
The heat wearment is effected after the interlayer-insulating film 817 has been
formed to release hydrogen contained in the silicon nitride film or in the silicon
nitride oxide film so as to be diffused in the crystalline silicon film 812 that contains
25  germanium the-feby to compensate defects in the crystalline silicon film with

hydrogen. Thereafter, source and drain electrodes 818 are formed to obtain the
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formed maintaining a thickness of 50 nm In order to mnimze the contents
of 10 inpurities such as oxygen, nitrogen and carbon in the
germani um cont ai ning anor phous silicon film 703, use is made of the SiH4
gas having a purity of not |ower than 99.9999% and the GeH4 gas having a
purity of mgtTlower than 99.99% The specifications of the plasm CVD
device are such that the reaction chanber has a volune of 13 liters, a

conposi te nol ethCa(Eh'cﬂH{m fgﬂc‘mﬁrr% RURFURALIEA Jr 36 E B m‘?l’f?zQe 1';/1;3@8 rir%lfl cio%tﬁ)ﬁi%w ded

inthe first stage, a dry pu of ‘an ‘evacuation ra

provided i Ucﬁlﬁﬁli%ﬁ?oinﬂ st H‘%iy bﬁaﬁ[&{"‘éﬂt ﬁhlelu\{@é)?raﬂf {?OQ?Q )?ax?@t tbﬁr B,d rom

reversely “diffusing fromthe side of the exhaust ‘system hahce

the degr ee1r9ful\(ﬁ)?1u‘é§hlgll&a30( PH}LQI‘%&@Q%&?U {'Lot P‘ﬁ1 s faghlon ﬁbq‘ln?le c()ng(i)n;[ hat

impurity el ements not e trapp fh'as muen

whi | e farmjpg fhe ‘9@1@1’:%‘3&?c%ﬁmycgﬂ%%tc%fsmﬁl%t,uwm b&%{uﬂﬂésngu f”“}fzfgf a

ni ckel acetate solution contalning nick concentrat

cal cul at ed. 08111 bag c?cs,?éﬁ%kgmm'ﬁ (g(p(ﬂdlc%lg)}éﬂu(sij 1@8%@1& Sﬂlg[]@r“ a?ﬂ qr ma

ni ckel -contai ning Tayer er to | bilTity for

the sol utign.ipg. ageeé fsesscgéedtmna%rmm um d&apclt ?m 'mng ﬂ{ngebghg%eami |4 con

film703 is treate y“thin oXi y usin

ozone- conf @vpkggc&gtggﬁb'@r g;?l HLD@} 5tﬁ5kgu}ch(g( ﬁzwdlqﬁatu W2 iif %ﬁl&% hVé‘IE R

m xed sol ution oric rogen ero 0 form

a clean suyg B@&?epgé? (%19%@0 Y el de tﬁf(‘)h%r 99 :"T;Iqi‘ w fnr?édaby ;;%g"{'ﬁ‘ (H‘ﬁl(%ﬁoé(Hi Olsed

cont ai ni ng ozon orm @ very I n OX he "si ICOI’] surtaces ar

nydr opoDl & 1T 36hbrialithe A6y KOG ARINGLO0) A1 ATBGEET 1 ROSS ib!j

to uniformy apply the nickel “acetate so tre

ef fected af. 500G figt mesrfgﬁou 1 ehaARE ICLgeD. i SRDHAKNSELLNLADS. i

ger mani um cont ai ni ng ano sFlicon cry F°28t5°%6n i s

effected QVSIQ@J}QR%]E{: 26 @&t\rgku%?itipferﬁtucgggg t%?sL m&pours Thus, there

is formed a cryst Seri conductor as s i'n Fig. 7C Then
in order to increase the ratio of crystallization (ratlo of crystalline

[Embodiments]
The invention will be described in further detail by way of Fmbodiments to

15 which only, however, the invention is in no way limited, as a matter of course.

[Embodiment 1]
The method of forming the crystalline semiconductor film described with
- reference to Figs. 7TA-7D are the one that executes the crystallization by adding a
metal element into the whole surface of the amorphous silicon film conraining
20 germanium to assist the crystallization of silicon. Referring to Fig. 7A, first, the glass
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 layer 702, a silicon
nitride oxide film by using SilH, and N,O by the plasma CVD method maintaining

a thickness of 100 nm. The blocking layer 702 is formed so thar alkali metals
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10 conponents in the whole volune of the filn) and to repair defects
remaining in the crystalline particles, the |aser treatnent is conducted,
i.e., the crystalline sem conductor film705 is irradiated with a |aser
beam 706. An excinmer |aser beam is used having a wavel ength of 308 run and
osci | | ati ngoataided He chéThlesd sabera kesitlatotidsffufeaausda dehriovtghian: Oph feahed
systeminto 400 to 600 mi/cm, and the laser treatnent 15 is effected at an
over | appi nghgrata. of 90 to 95% Thus, there is obtained a crystalline

sem conductor film 707 shown in Fig. 7D. [ Enbodi nent 21 Germani um can be
added to the affircphosphsib iitam filhh P hotn@nhivigbyrbheunietdrad dafy hepisag t he
filmby using gases containing elenents as represented by 20 SiH4 and GeH4
by the pl aSDCchet haddbist dabsaclyoa et hoskiafic atl ng der wani-umddyréhe
ion injection nethod or the ion-doping nethod (or is also called

pl asma- dopilagmpbdicadh vatidemndtdircanDitehOus], shd itondfikion trasvideenf ended, In
the plasma CVD nethod, GeH4 is preferentially deconposed with the sane

hi gh- freguenele eleiohichapiwer Thudctaled cintif@igreelpwidel shls $otiatdven,
energy between SiH4 25 and Gel-14. In this case, unless the filmformng
condi t i onsthar eopdi€ions ehyplopnt hotd 8d thdfe schS@s! eoplBHERI 0P B thstihar ge,
a cluster of germaniumis forned in the anorphous silicon filmmaking it.
di fficult d¢andinbhorbkyedd sPaEsangghmsislmorFigs. 78AcanthiBBdasandiraghans
illustrating the steps of adding germaniumby the ion injection method or
t he i on- dapimgdnabiindinih® aRiHgeki®es cA50IaaKIi Indoldey €6 n{®2mig the Jeleed &h a
gl ass substrate 701 in t he same manner as in Enbodi ment 1, and an anorphous
silicomo fiihipufQes sudlonprekbber aqpodmi Bhal dirben ant HiCkBgssniofn-88nAthing

Ger mani um ions are pbtalnea by deconposing GeH4, and are injected into the
anor phous gghbipdRuskilldmatinal0 Beselahadd oM hedil Be8s Bividl atiRirk00f keViowldhe
anount  of addition of germaniumis fromO0.1 to 10 atomc % In the ion

i nj ection (ARHIBHIADBrarihehd ORHIQRL REviiBtNOGhi ryt dfeh@MOweE c19fh adgibti omlef
germaniumis correctly controlled by controlling the acceleration voltage
and the depadéicakibafof Meshkng CVD device are such thart the reaction chamber has a

volume of 13 liters, a composite molecular pump of an evacuation rate of 300 l/sec
15 is provided in the first stage, a dry pump of an evacuation rate of 40 m’/ hr is

provided in the second stage, to prevent the vapor of organic matters from reversely

diffusing {rom the side of the exhaust system, and to enhance the degree of vacuum

that can be reached in the reaction chamber, so that impurity elements will not be

trapped in the film as much as possible while forming the amorphous semiconductor
20 film.

Referring 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 form a nickel-containing layer 704. Here, in order to improve
compatibility for the solution, the surface of the germanium-containing amorphous

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

containing aqueous solution, and the oxide film is etched with a mixed solution of

20



germani um having a mass |larger than that of silicon, fine crystalline
nucl ei present in the anorphous silicon filmare destroyed naking it
possible to obtain an anorphous sem conductor filmwhich is nore favorable
in formng the crystalline 15 sem conductor film Thus, there is fornmed an

anor phous  shydrodnoti laid74Q] hed MﬂatﬁULQ@JIH@W&WFL’osrronﬁqdﬁgin?‘ﬁn?@“ﬂ) Lo :ﬁ'&
8B. Thereafter, a nickel acetate soI ution containing 10 ppm of ni ckel

the basis aﬂlavm(ghtcms»maipphIa@da@&s %ﬁiﬂ@@n@oﬁﬁhﬁnﬁbzﬁﬁaﬁ(‘?'ﬂmd"?‘d 0l ikt%lrn o><1d<
contai ning |ayer 704. Then, the sane steps as t ose of ~Enbodi

effected 2ntoTobtstlidorasGryst atd | BELROBAUCT Cnd THIN-£OF, /S, $ own. i
Fig. 7D. [Enbodi nent 3] Descri beLdTﬂel(%w \7Mth refer%ncemt% E}ﬁﬁn glity\gﬁd{“s a

net hod of dahestikveltposkidididgn ibien ety ﬁ{@HERE Sch‘%[t%%ﬁ'z SN the
crystallization of the anorphous sem conductor fil FL

substrat®e 720 itdcthécabonarmeat ioned gk - .
substrate. Wien the gl ass Eubst rba(fe |Ls %EEO@EC S{Hlbghﬁ%t&”% Ighqazgy(ﬁm £ or

in the sanmeonedined as che @?ﬁ@‘i’iuﬁﬁf@oﬁmnﬁ% aﬂﬁ{) %h!:éxgﬁfgdi' '%Z%l the

cont ai ni ng ger mani um nmay ‘be forned by the” plasma

Enbodi ment ciystaltizgesirani (o edyy ke niintfiad opnethod
or by the |%Yn dopi ng net hod asyl nnEnbtg)1 |E§§?lt9?lu&hﬁthg% Fso aF ﬂkli“geiéb to

enpl oy a n@thedidafre fOforBledoN: BY H8GomesHA g
tenperature of 450 to 500C b(;/it?’t ﬁe | ow prgsgﬂggﬁ@b nmet hogﬁ VLaI‘f'\lenn?gl"aF/g”l licon

oxi de film 7227Tihenf ah MBdcrBLNRFHAGHR Ly gpgﬁlf%tzq’.lﬁza%é}% ?ﬂ"tﬁnof ERr 1"1[ ine

anor phous silicon film 721 containi ng ger mani u here

parti cubarcdinpbheh#san (RO wiHag: U&hhﬁdoiqfhcffg 2"{%@ LEQ%‘)’E{ ét%?ﬂ Lgiﬂﬁg%p%lm M, the

silicon 10 oxide filmis formed by, for ex X1 ng

orthosi | i cateu( T@ar@i@ﬁs, Gshet @OBE h%agﬂgﬁmge&)ﬁd‘[ﬁu (anllé ?]?E ﬁ‘é’bté ine

reacti on pressure of Pa, a substrat erature of

g:c Sghgr ?lomgng&oﬁdﬁ'ﬁt%h ﬁixﬁeﬁl}ﬁ@ﬁYac(x%%cﬁ.@nMﬁ'zl?mc?'EgﬂﬁnméelRﬁt g('cﬁ:n(plq%u bg,%qSI ty

is used having a wavelength of 308 nm and oscillating at 30 Hz. The laser bean i

med

focused through an optical system into 400 to 600 mJ/cm”, and the laser treatment
15 iseffected at an overlapping rate of 90 to 95%. Thus, there is obtained a crystalline

semiconductor film 707 shown in Fig. 7D.

[Embodiment 2]
Germanium can be added to the amorphous silicon film not only by the
method of forming the film by using gases containing clements 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-
frequ;mcy electric power due to a difference in the dissociation encrgy berween SiH s

25 and GeH,. In this case, unless the film-forming conditions are precisely controlled
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Next, an opening portion 723 is fornmed in the silicon oxide film 722, and a
15 nickel acetate solution containing-10 ppm of nickel on the weight basis
is applied. Then, a nickel-containing |layer 724 is fornmed and conmes in
contact with the germani um containing anorphous silicon film721 on only
t he bott omsotht e criggepinagpypler tdiama?23. a Thesier yst adrhiaation (snelf ectied by
the heat treatnent at a tenperature of 500 20 to 650C for 4 to 24 hours,
e.g., at 57o0fboutdilivourfdm tmkih s difise)r whenifenygtiapkizatioantakes pl ace
first at a portion of the anorphous silicon filmwth which nickel is
brought in contlags 8dnayd EBen; dspreadsusmaandiieat pon dddipagahlelumwilihihthe
surface of the substrate. The thus forned crystalline silicon film725 is
consti t ut edon byjcaricohi@bbilan thé iorodepirkanerhaeddl gl 4 Kea By &irdl 18yere@Ehs
crystal growng in a particular 25 direction if viewed macroscopi cal ly.
Ther eaf toer fotrhed shld glams adisdard 70 mi? 2Re ksme neamyvacsio obbaiiindthel, and an
crystalline silicon film725. 29 [Enbodi nent 41 The netal el enent used for
the cryst abhirahoonsiisondifai M@ fornidlerteryst aldihngningi 4 tgeRndss|gnsiosmed
according to nethods described in Enbodinents | to 3. If expressed in
terms of aeawermrdge cencestslatined, by Hecorepadingl®@mEtarih afegedibAdnat (Be @
concentration in excess of | x 1019/cnB though it may not be uniformy
di st ri but edmarphdinesificbmyilfhe 81 hd@@rativhmdlihgs W 0a oSt Be'¢ankeamsad, as
t he channel -form ng region of various sen conductor devices inclusive of
TFTs. Mor eopzdiienabifipermbhanen & froirt 0.1 SodEsi dadc 00, [eRY & R dTRrAheeharent :
by gettering. This enbodinent deals with a gettering nmethod wth reference
to Fig$l 10AthdQodQfopihg ikkthod]lGAe @nsuhstof afRlidSA dfSedienBlASS substdat e
of Enbodiment 1 or 2, or is the quartz substrate of Enbodi nent 3. When the
gl ass substdratelléidbusedirollitd gekidaglerhayeholisgd andele Hbkeel UkNbagidman 1.
A crystalline silicon film731 may be formed by any one of the nethods of
Enbodi mentgrindroud. havisg kit @R [@skdehdd tHac632ilkcen, finaskistdlihs nhiSleiBbsent
mai ntai ning a thickness of 150 nmon the surface of the

in the amorphous silicon film are destroyed making it possible to obtain an

amorphous semiconductor film which is more favorable in forming the crystalline
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 acetate solution containing 10 ppm
of nickel on the basis of weight 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 mertal element thar assists the crystallization of the amorphous

semiconductor film. In Fig. 9A, a substrate 720 is the above-mentioned olass

25 substrate or the quartz substrate. When the glass substrace is used, a blocking layer

28



15 crystalline silicon film 731, and an opening portion 733 is forned
therein so that the crystalline silicon filmis exposed. In the case of
Enbodi ment 3, the silicon oxide film722 shown in Fig. 9A can be just
utilized, and a step of Fig. 9B and the subsequent step may be just

transf er r eds fondikinsthe epsinof nhinsr Exanphéodithem; | phosphorus is added by the
i on-doping nethod to forma phosphorus-added region 20 735 having a
concentration ofnimorpbeds sibcdn xilib022/ comBiniRefremiimgnnaxt Hedohihed 0By the
heat treatment is effected in a nitrogen atnosphere at 550 to 800C for 5
to 24 hour gvlat@hg(,\/iatm@(mﬁ lar irl Prabodirsen Them; gertheifegihan bé3autdunhl Bl
phosphorus is added works as a gettering site, and the catal ytic el enent
remai ni ng ithe idreigeysoalhdched ity tdmnofmﬁcm;ﬁaln&abdhs isdgnBgahethdm 1:25 the
phosphorus added region 735. Then, referring to Fig. 10C, the silicon oxide

film 732 fatsomdlokiabg: andnplg a2 B36¢ Tcﬁigbf(f@uﬂ@@oﬁ by Wbt G ppHas Bl usd ScBdded
are renoved by etching, to obtain the crystalline silicon fi I'm 736 in

whi ch the eonocgetitatd 0on48d (b BEOTRbAlkhelempatssusedVID mdhedst ep of
crystallization is decreased down to smaller than I x 101'/cni.

[ Ernbodi ment  S[THenThisicemoadiatint 722alfsrikd bhanmethed dhidinecans ltﬁ) hAvR ably
utilized for the. TFTs and the |ike by decreasing Eefects in the

crystal | i nehpantirphess atlidoy: Kibwey 2 DG ohgnih@velmehiunit eThacsht @ctd8s no
insulating film A crystalline silicon film 801 cont ai ni ng “ger mani um shown

in Fig. llpamiylddimhecione:f didvedthad bifedh mentheIsiliddil bRR, filnt,N&e silicon
crystalline silicon film801 containing germanl um may be the one subj ect ed

to 10 the getlt élibrigldeasctbhed: émompogiinmata diraethihi:therhadi gPEOS)hmeﬁvef
the substrate nust have a heat resistance of at |east about 700 to 1000C

and, henceQ, ifehquant Zinglubshe abadBQhsi & £rpkoyadtreArd BEYH L A b k-H803
on the germani umcontaining crystalline silicon film 802 is fornmed of a

mat eri al contmiraiung o BOO @@IZ}OO?C,Clﬂscélﬁnam@hit%flngﬁffﬁ@]ﬁh@ﬂh (FpRo Mﬁlz xamlke, a
silicon oxide filmor a silicon nitride OXIde filmis forned he pl asm
electric power density of 0.5 to 0.8 W/em™.

Next, an opening portion 723 is formed in the silicon oxide film 722, and a

15 nickel acetate solution containing 10 ppm of nickel on the weight basis is applied.

Then, a nickel-containing layer 724 is formed and comes in conract wich the

germanium-containing amorphous silicon film 721 on only the bottom of the

opening portion 723.

The crystallization is effected by the heat treatment at a remperature of 500

20 to 650°C for 4 to 24 hours, e.g., at 570°C for 14 hours. In this case, the

crystallization takes place first at a portion of the amorphous silicon film with which

nickel is brought in contact and, then, spreads in a direction in parallel with the

surface of the substrate. The thus formed crystalline silicon film 725 is constitured

by a collection of rod-like or needle-like crystals, each crystal growing in a particular

25 direction if viewed macroscopically.  Thereafter, the silicon oxide film 722 is

removed to obrain the crystalline silicon film 725.
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CVD net hod mai ntai ning a thickness of 50, nm The heat treatnent is
effected in a state where the insulating film803 is fornmed in an
at nosphere cont ai ni ng hal ogen (typically chlorine) and oxygen as shown in
Fig. 11B. In this enbodi ment, the heat treatnment is effected at 950C for 20
30 ninuteslﬁ¢ﬂéth§§tﬁhg tenperature may be selected in a range of from 700
to 1100C, and_the treating tinme can be selected in a range of from 10
mnutes to 8 HJur BetPydement hedheatrhe ceatadntiondn roxpdeng it thao4sollimbout
20 nmis fornmed on the interface between the germani um contai ning _
crystal | i néligpnifden (oined socordimg thencdsdi desdrateidnig Eilbmdgosprsahdoad. If
germani umcontaining crystalline silicon film805 is 31 formed having a
decreased EHPIEkitesiE. termpf pnyvelasyents cand|ioparii roatad e leypenmes atmainmpuai ty
el ements contained in the insulating film803 and in the germanium- -
cont ai nPnga epystira g isgxdasonl fx 1o 802 thoughée stepoohe oxifaat fyolstihuad
hal ogen atnosphere, form a conpound together w th hal ogen and can, hence,
be renovedinstlinfitihe Jasediwnphlasé sTHeaisntterdhadee betdweemd Hearaxil derfirlgm 804
and the germani um containing crystalline silicon film 805 obtained through
t he above mwEovessi vgjotsasmachduciontdniasi alclusexebl ddriBd.t yMane [irsfevery,
favorabl e. [Enbodi nent 61 This enbodi nent deals with a case of formng a
CMOS- t ype [TRFebyr, it1i@ deondsd ni ngnave rhechanmeleT&ET 920:tantha p- channel TFT 921
in a conplenentary manner with reference to Figs. 19A- 19E. In Fig. 19A a
crystal li ne siThsombodimaantealsniing agermeiniune thedfit medfeomea todtlipstiHdt-e
901. The crystalline silicon filmcontaining germani um may he any one
for redlby tKe bt Es 10 Enbddiraent 30 isthe glads subshbiaoe ki Bolicdyeen802ri2sof or med
when 15 the substrate 901 is a glass substrate. The crystalline silicon
fi | m cont ahniqugrtzgebsamicurhlirsbeficked 3t 6Vacprledelher milnedsiszeed arbletlement
isolation, and island-like sem conductor |ayers 903 and 904 are forned.
layer is formed like in Embodiment 1. A crystalline silicon film 731 may be formed

by any one of the methods of Embodiments 1 to 3. A silicon oxide film 732 for

masking is formed maintaining a thickness of 150 nm on the surface of the
15 crystalline silicon film 731, and an opening portion 733 is formed therein so that the

crystalline silicon f{ilm is exposed. In the case of Embodiment 3, rhe silicon oxide

film 722 shown in Fig. 9A can be just utilized, and a step of Fig. 9B and the

subsequent step may be just transferred to the steps of this Example. Then,

phosphorus is added by the ion-doping method to form a phosphorus-added region
20 735 having a concentration of 1 x 10" to 1 x 10%/cm’.

Referring next to Fig. 10B, the heat treatment is effected in a nitrogen
atmosphere at 550 to 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 gettering site, and the
catalytic element remaining in the crystallized silicon film 731 can be segregated in

25 the phosphorus added region 735.

Then, referring to Fig. 10C, the silicon oxide film 732 for masking and the
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Afirst insulating film905 is utilized as a gate-insulating filmfor the
TFT, and 1is formed nmaintaining a thickness of 30 to 200 nm The first
insulating film905 is 20 a silicon nitride oxide filmformed of SiFl4 and
N,Oor is a silicon nitride oxide filmforned of TECS and N20O by the plasm
CVD net hod. reEhirs 7 éfrhodi/hieht plsghRots is e d QEMmf)bumﬁ QR o MR ﬂb?‘hﬂhﬂg a

t hi ckness of 75 nm Further the first insulating film 905 may be fornmed

by t he net hagstaflirEndlodineing 756 1O hicherHel dogiech REHLALI AG: fieh NeAQR: &' i?\,{‘t o med
gate el ectrodes 906, 907 of an 25 electrically conducting materi al

cont ai ni ng beetqr optyesallikiindss décehamemtsn sekeglied 321 framtant al um
tungsten, titanium alum num and nol ybdenum Referring next to Fig. 1913,
phosphorus is doped by the ion-doping nethod to forman LDD region in the
n- channel TFT 920. Phosphine (PH3) that is diluted into 0. 1 to 5%wth H
i s used as [Ehthddidpicag 5gas. The doping conditions will be 5 suitably

determ ned. Here, however, the first inpurity region 908 fornmed in each of

t he semsconductTdiis bﬁﬂﬁfcﬁm%@@ amd w904 2 Whiédhollaye 88n %\é%@(ﬁl‘%bgﬂnﬁlﬁ%ﬁ C@P Ly n of

from 1 x 101-1 to 1 x 1019/cnB. At this nonent, the gate €electro
and 907 V\DW”B@QHJ@}%H&G&E@]@@%%%Q&@&% Hlsthtc@'f‘ytsté ﬁnggﬁﬁ% le 1B AP Y l t y
region 908 is formed in a self-aligned manner. ef erring next to

19C, a nask:209f iscctaeard LH&’ NS IlNg afiRRot ’Qrcﬁsétﬁqmc%ﬂ‘ijcoﬂ §nq@@?(%o%9§1 rfh(W th
phosphorus by the ion-doping neth hod. Due 't his doping, the secon c}

Lmpurity regirensuBilohang i9F%. Navenan RYEE J
from1l x 1026 toul x1 102f/c ns. Tﬁug xhé%ﬁﬁr@gﬁ?%ﬁz‘ﬁ?@ggﬁg% gqﬂaﬁo? med

in the setficopdudin siliayer 19@15&{11\{@1??111?{50&%%&% 89 3nd %ﬁﬂﬁcﬁﬁpﬁpd
inpurity region 15 910 serves as source and drain regions.

p- chanpel THelcO2driag &hembed rinﬁfzﬁboél-%%nta“r magk t@l%:g(lh%()(ﬁlﬂ{n%d h@ﬁ/d&'f%l ngi
phot or esi st and the seni conduct or | ayer 904 is doped bor'on. or ane

(B, H6) di luiiectaidimusOhbvt @ [R%Wediftabbe bBalSRE A%k W@O%pﬂm@@%nf{%t{téﬁ
inmpurity region 914 fornmed in the sem conductor layer 904 is a W th
boron in ahea@utt substrate 801 is employed.

An insulating film 803 on the germanium-conraining crystalline silicon film
802 is formed of a material containing 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 heat treatment is effected in a state where the insulating film 803 is
formed in an atmosphere 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 minutes. The treating temperature may be selected in a range of from 700 to
[100°C, and the treating time can be selecred 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 crystalline silicon film 805 is
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20 1.5 to 3 tines as nmuch as the phosphorus concentration for being
inverted fromthe n-type into the p-type, and, hence, has an average
concentration of from15 x 1020 to 3 x 1071/cnB. Thus, the third inpurity
region 914 formed in the sem conductor |ayer 904 serves as source and
drain regi dosmed Havéngpachannetd THTkAZL, [Mamic %fIL;h{hﬁ{Qrah@N Shrdingsl 3at1h@t91 (film
915 is forned by a silicon nitride film and 5 asilicon nitride oxid

fil mformedupyurithelahas e GMDLREL foethe FULiR8ly RSO3 ARG L8 L@Hﬁm@n‘; hat
are added nust be heat-treated at 350 to 500C for being 33 activated. The

heat treat mentainmetteeilédeafitain the BoLerl ajyeradmsil @Liagod 1ihm 94, has
been fornmed to rel ease hydrogen contained in the SI licon nitride filt and

in the sihigomptitsicds oxba@olhlimsahaswh@ odid iMgedh I ddhehe remov
sem conductor |ayers 903 and 904 to execute the hydrogenatlon %eréby to

conpensat eid die gReodgflest sThe itlefade BeRi candbekol. fﬂﬁf@@“lnn{d‘ﬁm omi RLHAGS.
thereof. Further, source and drain el ectrodes 916 and arée formed to

obtain t hecﬁﬁtﬁlnﬁ&mﬁhf HfrQr i ddgh ﬁﬂgﬁgﬂ%b%ﬁuénﬁuﬁi}@% ﬁ‘lneabfo‘?f[ Hﬁgc&tmtv fas
germani um containing crystalline silicon fil iI's 'y oriénted on

t he Iattlcgl@waﬂﬁmﬁkrﬂQ@v&<k§M@@qﬁ@@ﬁﬂ§@1§@ﬁﬁbng reglons have good
interface properties relative to the 10 gate-insulating film have a

decreased defect density in the crystalline grain boundaries and in the
crystalline particles, and nmake it possible to obtain a high field-effect
mobi lity. [Mhnbodimdhesjabove steps, there is obtained a CMOS-type TFT in
whi ch the n-channel TFT 920 and the p-channel TFT 921 are conbi ned

together in a Thi eafdldement alorlsmanner,. «Jhe op-Bhagnel, S%Z flag n (f;bD
regi on formed between the channel -formng region and th rai regl on,  and

prevenis tdwenb@oReentd-ahh@RelOf FEl Bt 4L il @}lxﬂuﬁ?tl [t}hP9g'1%'1re‘1 ctd?arl A¥ear §he
above CMOS-type TETs make it possible to forma liquid crysta |sp?l

device of hfignachiveciBbhbX 4 ¥Re. 0JA poidrive circuit of the EL display
device. It is further allowabl € to apply the n 20 channel TFT or the
p- channel TFT IhoFfhe o ansiystfimnd Qﬁc&?'ﬁ'[%%rﬁaﬁﬁhg %@fﬁ}hﬁ 1 id formed on a
substrate 901. The crystalline silicon film containing germanium may be any one
formed by the steps of Embodiments 1 to 4. A blocking layer 902 is formed when
15 the substrate 901 is a glass substrate. The crystailine silicon film containing
germanium is etched to a predetermined size for element isolation, and island-like
semiconductor layers 903 and 904 are formed.
A first insulating film 905 is utilized as a gate-insulating film for the TET, and
is formed maintaining a thickness of 30 to 200 nm. The first insulating film 905 is
20 asilicon nitride oxide film formed 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 seleces
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 905 are formed gate electrodes 906, 907 of an

25 electrically conducting material containing one or plural kinds of elements selecred

32



is further possible to use the transistor as the TFT for realizing a thin
filmintegrated circuit to substitute for the LSIs that have heretofore
been produced by using the conventional sem conductor substrates.

[ Embodi nent 71 25 Metal elenents used for the crystallization are renaining
in the crydtahltaneludd tshgsreonifkiimf oumeduacged dhaghddqnt he met hods
explained in Enbodinents | to 3. This enbodi nent deals with a nethod of

removing the metdbrraleneat o Fip. B anephodisfi§ @6?& At b ¢ ‘lmohk@éplmr nfETRodisent

4. The method consists of renoving the netal ement by the héat treatnent
fromthe crystahl LRedrgiidh 0onhd blandorared: by2eddingphiln@rmetah, glangay by
using, as a gettering site, a sem conductor f|In1conta|n|ng a rare gas

el enment or imcs@i @ohtuetdr H, iid mdcbaMichopie d-ar er Qa§c>§1i1@m?ﬂﬁlt'mﬁnsaxgﬁllegu

The method will now be described with reference to Figs. 23A-23E. First, a
crystal Ibi nguisalbli clenerfmhihmiwiiel, hewbi-@hhe ﬂ'idtqm&ﬁiuﬂiﬁ‘( <t1bﬁ 9@'8@8@11([4@4&@1%

obt ai ned by any one of the net hods of Enbodi nent s Ref erence nuner al

10 2000 deobtlesemisohdtdiat BiybaviongrMGNsHl &tidg, Mm%m@ﬂgq%@%f%ﬂpt es
an underlying insulating filmconprising an insulating filmsuch as silicon

oxi de filnm x K'Ttson fihde Ai iR Slomsédd, @1«9@@%@@1@;&@@%'9@% qn'd'%7(\§l>ﬁ%<h\5’)
Here, a glass substrate is wused, and t he under| l ying insulating fi 001

i's the onemebkaagaosd ﬁy@ph@mm@uﬁ@d@%d amuammafﬁﬁu% @uiah@%% @ﬁhﬁmﬁm
nitride oxide filmof a thickness of 50 to 100 nm f of med by using SIH4,
NH3 and N1Os@dfatigaed hyhrgases and a second silicon nitri de oxide film of a
t hi ckness of 100 to 150 rimformed by using Sil 1, and N20O as reaction.

gases. (01t is Refekhes rdesis & tl@(y%emﬁsl@909'1@&!1%&@@3&&1%H';ﬁ%@o{%‘sﬁs{' ‘iln]%i film
|

as an underlying |nsulat|ngt?|lm 2001. Use of the silicon nitride'f
exhi bi ts tihdopéd eedinasith phlosid g by |tﬁé'§5n HB@&WHB@M@F SDE@@) gHikabpingByRl
contained in the gI ass substrate fromdiffusing into the sem coﬁductor

filmthat satbhd baphatrRGidatBn arRbo l’&?hﬁvé@n %b& 1@2 3%6% QTms @(F\tf@nl(iiﬂ%ntche
gettering effect in a gettering step that wil Be e ater t the

tinme of gétdmari ral0MikgKek 10EMAs’.t THRYELd Nt 1ﬁ11ft§Q%/Q@<719f1 B 1N OXKABD
concentration.
semiconductor layer 903 serves as the LDD region, and the second impurity region
15 910 serves as source and drain regions.

In the p-channel TFT 921 as shown in Fig. 19D, a mask 913 is formed by using
a photoresist, and the semiconductor layer 904 is doped with boron. Diborane
(B,He) diluted into 0.1 to 5% with H, is used as the doping-gas. A third impurity
region 914 formed in the semiconducror layer 904 is added with boron in an amount
20 1.5 to 3 times as much as the phosphorus concentration for heing inverted from the
n-type into the p-type, and, hence, has an average concentration of from 1.5 x 107
to 3 x 10*/em’. Thus, the third impurity region 914 formed in the semiconductor

layer 904 serves as source and drain regions of the p-channel TFT 921.
Then, an interlayer-insulating film 915 is formed by a silicon nitride film and
25 a silicon nitride oxide film formed by the plasma CVD method. Further, the

impurity elements thar are added must be heat-treaced at 350 to 500°C for being
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Therefore, very great effect is obtained in using the underlying insulating
filmin contact with the sem conductor filmas the silicon nitride film
It is further 25 allowable to use a | am nated | ayer structure in which the
silicon nitride oxide film and the silicon nitride film are successively

| ami nat ed. Qry,4b@re; 1%&11}"@*(4 %’?c %‘tfﬁé Lhrees 1%3(1%{,1 S%}{ IUE‘LtSPL\i%d‘lIé{r}B%Bdlﬁ]?%SP%

first silicon nitride OXI secon SI|ICO

and the silpGancphfi ded «@Aﬁ&ﬁog%%&% duyed MIL% LEsS nétnl%t b & APIITE s phous

semnm conduct or lthis

| CvD h tt
1I‘O o??g\?\/ed bysr? (gpglrti/ig'? rgz'ﬁ 1:{on ‘gegg)rl Bhﬁv )Etrjg Ei’nﬁ%HPH#C[tog Ef"’é??n)as TR
crystal lineys |4 QQ&L bl 10 21%?]%098{]1& Lpgr er gaa%l 1315%‘&'9%%} UL% )%Lﬂ“(f%r

enbodi ment, the anDrp ous s |%on n1co alnl kby

the plasym VD). me t?]mgr 2h 8% %M}t% 5o eu§ gm%g%&\flm%\tmﬂ ‘EQE}IP'@@C&(%&HM ge

i ntroduced 1nto e reaction er

10 and is @q%o%{at 9@7 gpe ﬁn%cdnz%éﬂﬁ n el ﬁg,{fl atl ng film2001. On the surface

of the thu tai ne oﬁialnlng anor phous silicon filmis forned

a very thin OX'Cﬁ’?am{dl th’R byf’e chllggz %qgt al nlégg}é%ﬂguefoéﬁ 35%1%“11%‘1}1 The

oxide filmis then re
hydr of | uori.g,, an surf

Then, a very ? ﬁll n Oggl pM LHQQSQQRT fgﬁ ?ré” 118 ﬁ“%]y‘yt(ﬂéwfgdtorlbéﬁ‘?réﬁll‘tuc\‘m R ﬂ“i“he
cont ai ﬁ?ﬂg?igﬁg%ﬁﬂ ﬁ?@ Sl ilieatah Bae b ng?fgé:%ﬁx%zctzasﬁ%ﬁéwzggwaga“
i cicel LCconti B Ty AP NERE, MR P BLy Ao dhef ot i B8 f or
anor phous S EHRAE Fr T S8R RM il rebe PR e Pe TR dBetuai & high
anneal i ng f Lnage. 5?20 for 4 hours to effect the crystallization. The
crystal | i zati on{ﬁﬁﬁn%gl ¥fected by the irradiation with an intense |ight

LM ool P SHESEPtndhBNe SES SR CDARRCA AT Ghe T3 B WD 2 e 0"

n-channel TFT 920 and the p-channel TFT 921 are combined together in a
15  complemenrary manner. The n-channel TFT 920 has an 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 active matrix type or
a drive circuit of the EL display device. It is further allowable to apply the n-
20 channel TFT or the p-channel TFT to the transistor for forming pixel portions. It
is further possible to use the transistor as the TFT for realizing a thin film integraced
circuit to substitute for the LSIs that have heretofore been produced by using the

conventional semiconductor substrares.

[Embodiment 7]

25 Meral elements used for the crystallization are remaining in the crystalline
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carbon arc | anp, high-pressure sodiumlanp or a high-pressure nercury |anp
in 25 place of the heat treatnent using the annealing furnace. Wen the
| anp source of light is used, the | anp source of light for heating is
mai ntai ned turned on for 60 to 36 240 seconds and, preferably, for 110 to

150 Secondssﬁ@mh?ﬁltn thedi MP@?&:H@QQ} 4R hielldsangd q&H[@flﬁrlarQB&fdm | Zeg ?0

Thus, the anorphous silicon film'containing germaniumis cry sta

obtain the T’E'I}Yss&ﬁb& ﬂ?‘uﬁ'dLaEQ%EHllﬂltglgg%i’?&m)@h{y e {a'mrun [[mrdlnlgnthe
gettering, 5 nickel tends to mgrate into a redion where the oxyge

concentrati @H‘ﬁ&&nﬂh&'ﬂ chht of Bndheneler 8, desifed, ignﬁmk ?()P%%Qﬁﬂw L].Ile 11%(562 s

concentration in the ger mani umcont al ni ng cryst Ine silicon i

set to be ngt,J.ax ggrthtzg'ﬁ%qne u%??f{ ﬁ”ﬁn My &%[%Ldti R aslﬂﬁ)é{gm ﬁfn){ $h.ahdd E\?éd& g

further, the segregate enment renove decreade

t chant I f d
etehan (%oxqtg nm%t{%ﬁ&g bﬁagpglr%ﬁ% gf%&ggﬁ@é&é AL délec%ﬂduéé?nwgJ&&gg% Saac'

pure water). Wen.f. ﬁnﬁ%faa&‘?m(,én& &%‘f% lto%bp_ﬁf} @EHP@Q%C&QM N ggclg%ni.

hydrofluoric atid, turther, it desire € sur ace

| rradiatio H]:th@ﬂ w1pt1ﬁﬂ§8{, 1 %}ibur\gﬂhtfbl%ﬁ@l?(gv% 130p) sounge of |ight.

After the a ove crystallization urt her ffray be i'rfadiated with

an 15 intense J‘.I{SQhIl C%?ﬂhﬁﬁehﬁgﬁrﬂg ! is h%h {ﬁ%‘fléio 1alr%rh§181% (fgopl is

light to further crystal 'l za béa

excimer | asgy al%érw‘?ﬁ# Offe of HENT leenat Qf Bfnfb%"i%mc@%GFﬁ: t%“&ﬂ&nc’l W%m

second har noni ¢S or ar noni

| 11-ad afd oot flo A0 Q188 Lol such, %r%sutlgﬁlglmﬁ%n gvoﬂgqj ! game;he
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| el
metal el ementy cmﬁlobg,s{lﬁn?mefﬂm OI%§11§1 lll_PlI] éitutn(rqqale%?c %chs St 1(900nnéx1ét i,

hydr of | uori ¢ aci ené irTra

with an iniense 141[9{11%1(1 m%% étl §111atnp S(ngc(r)nf r{gcpgﬂ]ty u, a g ’1.53 Skt glr(_l 29 s

effected to renove erren
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a laminate of a first sificon 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 Sild, and N,O as reaction gases.
It is further desired to use a single layer of silicon nitride film as an underlying
insulating film 2001. Use of the silicon nitride film exhibits the effect as a blocking
Jayer that prevents the atkali metal contained in the glass substrate from diffusing
20  into the semiconductor film thar will be formed later, as well as the effect of
enhancing the gettering effect in a gettering step that will be effected later. At the
time of gettering, nickel tends to move into a region of a high oxvgen concentration.
Therefore, very great effect is obtained in using the undetlying insulating film in
contact with the semiconductor film as the silicon nitride film. It 15 further
25 allowable to use a laminated layer structure in which the silicon nitride oxide film

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



25 formed on the crystalline silicon filmcontaining germanium As the
barrier layer 2003, there is formed a porous filmwhich permts the netal
el enent (chiefly nickel 37 in this case) to pass through to the Bettering
site but which does not pernmt the etching solution used in the step of

t 1t t filtrate th th b d
O G P08, LSBT e Gl U=

silicon oxij ( catlon the fil mhavjng such 5
properties n?“d(‘ 8\(?}(“ @1”51"? Lb]‘*%ﬂ%d“?&ﬁ" ‘Ié“bd?‘oﬂé“f?‘l“rh]‘ h’?‘ﬂ"Hé‘r‘{ the barrier
| ayer 2003 e ve nta eou xidi zed filmor
may be an oxi de f( ‘%‘H% up&%‘é&%’fﬂggﬁ% élﬁsﬁ i‘i‘}h\golﬂ)}ﬁ% ﬁ@‘?‘l] r”éeéli“é’tiI‘(S‘h“vmth
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CVD net hod, pressur CVD net hod or r_ef bly, sputtering

met hod. T%Vgéml¥éﬁ&dﬁl @H“Qﬁﬁ??@éﬂ“ﬁ%%‘mﬁﬂ‘ﬂ@n@ —gff\%SO to 200 nm and,

preferably, 130 e sub equent treat f Bettering, nickel tends
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to form a clean surface. Then, a very thin oxide film is formed again by the

15 weaunentwith the ozone-containing aqueous solurion. Thereafter, a nickel acerate

solution containing 10 ppm of nickel calculared on the basis of weight is applied

onto the whole surface thereof by using a spinper to thereby form a nickel-

containing layer. Next, the heat treatment is effected at 500°C for one hour to

release hydrogen contained in the germaniuni-containing amorphous silicon film.

2G Then, the heat treatment is conducted in an annealing furnace at 550°C for 4 hours
to effect the crystallization.

The crystallization may be effected by the irradiation with an intense light from

a lamp 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

25 place of the heat treatment using the annealing furnace. When the lamp source of

light is used, the lamp source of light for heating is maintained turned on for 60 to
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x 1.0"/cnB. 38 The rare gas elenent is one or plural kinds of those
selected fromHe, Ne, At, Kr and Xe. Upon injecting the ions thereof into
the sem conductor filmbeing accelerated in an electric field, it is
allowed to forma getterinB site while formng dangling bonds and |attice

distorti Onszﬂhﬁmaﬂﬂc it hem, 171[,;(,1!1[?8%?'1 f@go E?%%&%ntdb?o io‘iatq(ﬁ% fﬁm At '6%6 I'E)ZSB%apl y

avai | abl e e treating
short as abguf Q88 A1) {lem@]ro two m nut es, enabling the rare gas eI ement of
a high concentratl on"to he added to the sem conductor film Therefore, the

throughput is sty t'dak![ﬂ‘lgl é’mbﬂﬂ?}cﬂ\(eg m&{“?;% r?r Pngh%uﬁ%hru%'rggw L%]‘Il?hu L(édded
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Alfter the above crystallization, further, the film may be irradiated with an
15 intense light such as laser beam or light from a lamp source of light to further
improve the crystallization. The laser beam may be an excimer laser beam having
a wavelength of not longer than 400 nm, or the second harmonics or the third
harmonics of the YAG laser. After the irradiation with an intense light such as the
laser beam or light from the lamp source of light for improving the crystallization,
20 the segregated metal element may be removed or decreased with the etchant
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 to remove the metal elements contained in the
germanium-containing crystalline silicon film 2002. First, a barrier layer 2003 is
25 formed on the crystalline silicon film containing germanium. As the barrier fayer

2003, there is formed a porous film which permits the metal element (chiefly nickel
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39 anount for executing the crystallization. That is, upon increasing the
anount of addition of netal elenent for the crystallization, the
crystallization can be effected in a further shortened period of tine.
Wien the time for crystallization is not changed, the netal elenent added
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The data qf ., HEL Tl 1e semiconductor film 2004 has a thickness of 50 to 200 nm and,
preferably, 150 nm. In the subscquent treatment of gettering, nickel tends to
[5  migrate into a region having a high oxygen concenrtration. It is therefore desired
that the semiconducror 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 concentration of 1 x 10%%cm’.
20 The most preferred method of forming the semiconductor film is such that
silicon is used as the targer by the sputtering merhod, 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 clement at a concentrarion of T x 10°%t0 5 x 10*/cm’ and, preferably, § x 107° to 1

x 10*fem?.
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the sanple without the gettering treatnment include a value of 5 x 10"
(arbitrary value). However, the sanples subjected to the gettering
treatnment exhibit smaller values, fromwhich it is |earned that the nickel
concentration in the crystalline sem conductor filmis decreased down to

about one-hundredth throygh the 5 gettering treatnment, Wen t gettering
treatnents condﬁ"&léb‘i s ‘#%ﬂ?ﬁ@l‘ Ft0ed IBT”HIE%BB% ‘m"%’(}‘ﬁé%‘?ﬁﬂ'éﬁ%&r@& ?\6 each
other, it '_I’Ib{tc):%xle rned that the nickel concentration is |lowered nore in
t he case of! RCThE PGB Bt CEnCAR iDRE A iy &t 404 praigriueli finp meing

obt ai ned i”‘FTES. nbodi nent. i.s glghl orienth on the pl ane HlO%] and
cont ai ns nRTGEICTAFEhENTS CHICTIG Gkt it oationsi O et SareisgFis silelstiPyIY in
the film and makes |t possible to lower the off current in the TFT

char act er i 25492 oy oﬁditﬁéhftl&&f&rﬁaogém%wwﬂmﬂ, HVICCECHIO Ui e MY ERY | on

can be appljed to,the circujts.to substitute for the display devices and
i nt egr af edV eI HiCh§aB aafa#abkeetv%treéqf@mwﬁq o adgliaydyy Tees Sanepgnt may
substitute for .the conventional integrated circuits. Such sem conductor
devi ces i ndd BT Bbrt AP At BIRECMAITHOS{RIESIIGRIBY Hot EBEERS ¢ hapinte! a
conputer, ce|ll phone, etc.), video canera, still canera, personal conputer,
TV and  prigRBcEFRCETTHEIGN éRahplasklcdr B0 ghewiemrigorlgator 2ol t o [Bepstor gtheppa
shows a cell phone which conprises a display.PaneI 2701, an 20 operation
panel 2702haREP IR NBEEREN 1poreY Shcamoatedt HEhdhe ey ripansingroasPhore udi ng
a di splay device %04, a yoi ce out g{ut unit 2705 and an antenna 2709. The
operation pandP #PZON fe|thaaarcaise o Kagis 7obe hatheamsidesdqrce ’swralch
2707, a v i,cg igput unit 2708, etc. This invention forns the display device
2704. H g kiv@goktlsimsras wlaesddemmarda Whi Oh QuoRpridsds Upast addinsdyradkonls a
di spl ay 2% ggvi ce 9102, a voice input unit 9103, operation sw tches 9104,
a batt ery D FoBENG tl&lg%t‘b‘il@%ﬁ & LinPPtonesin THENGIAFEAtTDN can be applied to
t he display deyice 9102. Fig. 20C shows a nobjle conputer or a pO{t_abI e
data termnal Mmpitepltes the getrering is effected by the hear treamment 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 executed in a

15  nitrogen atmosphere at 450 to 800°C for 1 to 24 hours, for example, at 500°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 tamp source of light for heating is
maintained turned on for 120 to 300 seconds and, preferably, for 180 seconds to
conduct the heat trearment at 650 to 750°C.

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

. , . , . 20
25  effective, enabling the addition to be effected at a high concentration, e.g., 1 x 10

t0 5 x 10%/em’, and, hence, enabling the metal element to be added in an increased
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constituted by a main body 9201, a canera unit 9202, a picture unit 9203,
operation sw tches 9204 and a di splay device 9205. The sem conduct or
device of this 5 invention can be applied to the display device 9205. Fig.
20D shows a TV receiver constituted by a main body 9401, a speaker 9402, a
di spl ay device 9403, a receiver unit 9404 and an anplifier unit 9405. The
i nvention G&HBE lapprreditoticheyaiadphbyndehviads 0488 irkirgnsiR0kh s hoasing of
portabl e notebook constituted by a main body 9501, display 10 devices
9503, a st @figgéﬂh@@m il gBouc e tlat Fomadiviatione shos95add ian antlendéct@506,
which is used for displaying data stored in a mni-disk (MD) or in a DVD
and for di%spllaying der@nedcrirwedobyinte YWhtenha. tiMieeor nventliearican bet
applied to the display devices 9503 and to the storage nedi um 9504. Fig.
21A shows ahpesesbribl womulencieondddd it ed ibyreaserhinmchodym 961t ansibk5ié mage
input unit 9602, a display device 9603 and a keyboard 9604. The invention
can be appfurdiertlewensheirappass tdevioc ergedizaamd:. t Opvariddus: ilnt mgratedenent
circuits contained therein. Fig. 21B shows a player using a recording
nedi um r ecr dn igcrapedgramnt(fhertke nafstdtzatafrerfnedier onader econdinngneedium)
which is constituted by a nain body 20 9701, a display device 9702, a
speaker ungang7@Es innde@éasadl myormti amd 8794 lland dopefcati phaswihbeheys@ilos:
This device uses a DVD (digital versatile disc) or a CD as a recording
medi um wiEemighpdnctondiluser can enj oy appreciating nusic, novies, or
pl ayi ng games or internet. The invention can be applied to the display
devi ce 9702 afvfrer shearlicowsgdtmtrayr atednenr, ciliet s tcomasine d00hewbidh. is28heFi g.
21C shows a digital canmera constituted by a main body 9801, a display
devi cel®80R2migpndyapr be iusiltc(B8OBreopenddti anhswi. t Ehestcddtdmandodnpiydteur e
unit (not 42 shown). The invention can be applied to the display device
9802 and tdyyeseliivgsisingitdybat edt oiing pidssna ontait rechinpesieignn Hkgli s@28oshows
a front-type projector constituted by a projector 3601 and a

such as an aqueous solution containing hydrazine or tetracthylammonium 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.
[5  Thereafter, the germanium-containing crystalline silicon film is erched into a
desired shape to form a semiconducror layer 2006 isolated like an island (Fig. 23E).
Figs. 24A and 248 show the results of measuring the concentration of a meral
element (nickel here) before and after the gettering treatment (by the total
reflection X-ray fluorescence spectroscopy (TXRF)). As shown in Fig. 24B, the
20 TXRF is a measuring method according to which an X-ray beam is permitted 1o be
incident on the surface of the film ar 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 cryscalline silicon film. The
25 sensitivity of detection is nearly 10%/cm?.

In Fig. 24 A, the ordinate represents the concentration of nickel, The data of
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screen 3602. The invention can be applied to the projector 3601 and to
other signal 5 control circuits. Fig. 22B shows a rear-type projector
constituted by a main body 3701, a projector- 3702, a mrror 3703 and a
screen 3704. The invention can be applied to the projector 3702 and ot her
signal control circuits. Fig. 22Cis a diagramillustrating structures of
t he proj ectie sBpB1IWahGUSTOR giriering (Risgeen? 2icladd a228.c Thé pi 6]’ dotlotsrB601,
3702 are constituted by an optical system 3801 of a source of |ight,
mrrors 3802uc380l ey B3RGE, samdichibgictedrio thor ¢3808)¢ acaipréismx380i7 smallki qui d
crystal display device 3808, a phase difference plate 3809 and a
proj ect i onvabiticlapims pidmidsloarThetlptoheotitlorl @ptceoalatispsinerne3gyorailsae
constituted by an optical systeminclusive of a projection |ens. Though
thi s enmbodiarennbndhows fibnan éxampled dbwnheo tdlree- phahentlypeh theuehndy be
enpl oyed the one of the single- plate type without being limted thereto.
I n the 6ptgcatripatrasrieaai. c&thed by carwcoing trdammieing: c@RMctddint erperthecuser
may suitably provide an optical systemsuch as an optical lens, a film
havi ng a p@g@ﬁ@ 2id ¢ ihctieormmparfeill i ¢ah adjcusitiwig bk aphab ehaditief icknce or
an IRfilm 20 Fig. 22D is a diagramillustrating the structure of the
opti cal systern380bhiofk loweredsmorcen dfe ddsglf 506°Ei g. 22C. In this
enbodi ment, the optical system 3801 of the source of light is constituted
by a reflectorTB81termasouneenodiniightry8&iihe | ehsomar fiays ol@38i18d 3814hisa
pol ari zer/ converter elenment 3815 and a focusing | ens 3816. The optical
syst em of darheodiounues bighly ghitnahbown chapking. [ 122Dais contyinameexlartphmentsaad i s
not 25 particularly limted thereto only. For exanple, the user nmay
sui t ably provideatibes tbpt icadufyishémlef it hiee §bur el afakles ghpossiid c@abvept i cal
system such as an optical lens, 43 a filmhaving a polarizing function, a
filmfor adpustingethe gha$€ldilfdfrecencecor an IR film Though not
di agramed, the invention can be further applied as a display device to
navi gati on systens as well as to refrigerators, washing machi nes, m crowave
ovens and

{Embodiment 8]

The semiconductor device of this invention can be applied to the circuits to

substitute for the display devices and integrated circuits of a variety of electronic

15 devices and to substitute for the conventional integrated circuits.  Such

semiconductor devices include portable 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 display 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 invention forms the display device 2704.

Fig. 20B shows a video camera which comprises a main body 9101, a display

25 device 9102, a voice input unit 9103, operation switches 9104, a battery 9105 and
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5 fixed tel ephones. Thus, the invention finds a very w de range of
applications and can be applied to a variety of products. As described
above, this invention nmakes it possible to obtain a crystalline

sem conductor filmby heat-treating and crystallizing an anor phous

sem conduch Micdird 0 CPMIAI "![111@911\(%}14610%05 1@?}1& gp@?&%ﬁgg Ly S)i?gl?% éﬁ@%ﬁgﬁb niumin

an anmount of not smaller than not "T4a 0 atom c
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whi | e adding a retal efénéﬁ% t giéggﬁg%ﬁgr%f% g%ngékigﬁ%aPﬁBH“?aFﬁijfSthe

lattice pl @&%tﬂ@i&;}l By 4 §1|aﬂ950t n@jhd L _;LBH%% 89%)9 Zb"?ezh;!nr%gttg'ﬁgﬁwp égﬁf Hg%@%ﬁqace

havi ng an angl e of not I arger’ than" egrees Wt

of the 59:[@4‘585@”?@4 Hid 5{]5(31?1213 [Jieﬁf’?éeabize@. r%ﬁ%gﬁf}ichg@}l%agg c%rg%tg:ointgfs{ 001

} is not larger than 3% atticeé plane not

Larger shaplfiARanaqs WAt EIeGA, 0A: sypbace of the sem conduct or

h :
film and an orlentatlo#ratlo o} ane {111) is not |arger

h 5% the latti ). i - f o | h 10
nan 5% Lhe, 105, RN, (410,001 O A PDBLE . BPll 58, L0800

degrees with réspect to the surface

by the el - kacat. [ ct i on.. , hod.. B L0 b
e TR LS R P By T P TP

crystalline sem conductor rs-alr . rm ng
150 on o, R LA RS S OB THTRGHPAR0, 10 crvstatlne
ured for 00 gy 0meL R L il UL SRS B,
subst oL LS ok R JLATUREY Bicum 10 S8 comventonalr
Lol B L T AL T S ot
wnerel n atorrRpr SRSt A P EF SR o B Ty o Pharpigdcarht ne
som condush gty (LRLS A STBILEE LA 203, sl ot ce plane (1101)
the crystalli % SAM %nggcat Bérsgiiull[r%olm)uter constituted by a main body 9601, an
15 image input unit 9602, a display device 9603 and a keyboard 9604. The invention
can be applied to the display device 9603 and to various integrated circuits
contained therein.
Fig. 21B shows a player using a recording medium recording a program
(hereinaflter referred to as recording medium), which is constitured 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 versacile 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 ro various integrated circuits conrained therein.
25 Fig. 21C shows a digital camera constituted by a main body 9801, a display

device 9802, an eyepicce unit 9803, operation switches 9804 and a picture unit (not
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wherein an orientation ratio of a lattice plane (001 } of the crystalline
sem conductor filmis not larger than 3% the lattice plane {001 } having
an angle of not larger than 10 degrees with respect to the surface of the
crystalline sem conductor film wherein an orientation ratio of a lattice

plane { | dhckwi).of ﬁhﬁv@ﬂiﬁﬁ% @L hi ﬁ%[ﬁﬁi@dcl%rl%@(iﬁﬁﬂa Hé‘*ﬂH@S@Qtandl ﬁ{\gﬁ{m}shan

5% the lattice plane {IIl} having an angl e of not [arger than 10 degrees

W th respegled@red &eclﬁw{f@gg”@t{ de.;igrystal li ne sem conduct or f| | m wherein
the lattice plane 1101}, (001) and {111} are detected by an el ectron

backscatter diff nagt iRy PRTIRE Ny PRHRGE: (o2RILWNGE&] By LG oRLYST %(b]] ?d A

sem conductor film conpri ses gernaniumat a concentration not sna han

0.1 atom cYphutsmotThangen fRan iR ; gjﬂgﬁll o e &o;tdfhﬁ 3’%@ LRl @ HaLa ;'1(?{ m ngl

according to claiml wherein said po ermnal I's a conput
The portgal:g&mgﬁt@fctu@tr m nal according to claiml| wherein said portable dat a
termnal is a cel phone 4. The portable data term nal according to claim

| wherein sai ChEOQQB fvdal dol LIRS o &(.Scofa?on@t £CLI B 1@!1'9&@9{?&%(3751 ghe

portable data term na accordlngto wher ei n't i ne’

sem condugl 8{6&(511 3‘7(90 @Hﬁh?@x& mj Jil?a@?@m%@lq 3984 bqﬂlcqﬁgbnﬁén %aﬁ%@%%%‘h&é‘% on

| ess than'5 X at "a concentration

1019/ cnB. (e éJT%’%con dmfz' o sp?m e 08ho@eGRLglng to claim 1, wherein the

crystalline ctor m conprises *al element at a

concentrati on pgpaljlcef C\Apl%qa n ﬁ[l%g%a{i @&u {resT 8] 19%(})}@2  §98b abg@%%h

according to claimi, ereint e sent e uctor m” conpri ses

gL Igg@t o Icrgetz@h ﬁhﬁf@ﬂ?t Igejhﬁsg%g{) @gmﬁ;ﬁez [oun gmgé@ 1c'§fg~)§iggg rc'j: .

to claim Oqueﬁéhrkg%fq@ﬁ ﬁ—hhb&eﬁﬁ“efo*g)g,dt%cgé’éé fd H&%Sm rgp'f%?bﬁ]e s in

a range of 20 to 100 nm erri‘nal  accor di hg aim

1, wherei Ie{r@ 1?193 8@ y St MlH f&?ys’%é?l”&%’fﬂ? UL Rk 3f8b!3 n pﬁ&qpﬁ 1‘{@?%&%515&9%9) Ind

hal ogen e
a projection optical system 3810. The projection optical system 3810 is constituted

by an optical system inclusive of a projection lens. Though this embadiment 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 oprical paths 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. 221D is a diagram illustrating the structure of the optical system 3801 of the
source of light in Fig. 22C. In this embodiment, the oprical system 3801 of the
source of light is constiruted by a reflector 3811, a source of light 3812, lens arrays
3813, 3814, a polarizer/converter element 3815 and a focusing lens 3816. The
optical system of the source of light shown in Fig. 22D is only an example, and is not

25  particularly imired thereto only. For example, the user may suitably provide the

optical system of the source of light wich an optical system such as an oprical lens,
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10, The portable data term nal according to claim1, wherein the gl ass
substrate is an alkali-free glass substrate. 45 11. The portable data
term nal according to claiml, wherein the glass substrate is selected from -
an alum na borosilicate glass and a bariumborosilicate glass. 12. A canera

having a di splay device conprising: a glass substrate; a crystalline
sem conductor filmover the glass substrate; at |east a channel formng

region in thefibmnymvalgl 4 pelaseim: donelet arfiifi fdﬁé&ﬁlﬁéﬂhg&h@ghﬁe'dlﬁ@t@ncé’"ﬂﬁﬁﬁ'ﬂi an
orientation ratio of a lattice plane { 1011 of the crystall
sem conduct of™ilmis not smaller than 20% the lattice pl ane { 101 }

havi ng an angl e 10 d rees t to surface
the crystalline :fehr?lrﬁgh éﬁ%ltg glran-#e?f[%e W en ﬁa%wh@h?@ﬁi ﬁs[aélthpgayo evipe s
lattice pl armv{g@ﬁdn bysdmd ﬁlseWeH)éstt@kéﬂig@aﬁ)?@v%ﬂﬂfg%ﬁkﬂmﬁéﬁ i’ﬂié@WQﬂ% ovdn@ Hﬁr

than 3% _the |attice plane {001 } having an angle of not |arger than 10
degrees Wit H¥edplertoney Thye thainFentiondinds hevery yideatahpnef spphicalonduot @an bisl m

wherei n an t) a lattice plane {111} of the crystalline
é]frt@, p y
sem conduct OPMT? n |‘gaplﬁ'{ f{qq%@her than 5% the lattice plane {111} having

an angl e of not lar gegcrlbétambaa@e degr assntbl MdkesRebsdifle foh8bial Ea&&stﬁ’ﬂméhe
crystalline sem conductor film wherein the |lattice plane { 101 {001 }
and {111} afEFEPHAUGIBY by Aot tewing ang sewstdliging an amomhcar@tspmmopauqt@rﬁlm

met hod, and c¥hem&lsilids &' Iﬁgﬁll Joh‘ﬁ;%n%%%ﬁ%[@ Ghiof i lzjilpranI CO?I%% rIZoZ stugﬁcérn 1;arll-%um

at a concentration not sma oM ¢

atomc %8 18.1 a‘lfhmmc%nbrtaloachzrgerdhmg 10 atahial N (deEferdhler fbteridIRr EXanSt alohiine;,

sem conductgr fil Qf r| ses nit ro?é@1 and carbon each at a concentration
1

| ess than 5°% 1¢ w‘é d 2553/ efd & et matdl ohemeystherein wheren an
1019/ en . 161101’1[51?2)1&@(1@Bﬁtlﬁqgﬁ%gbﬁﬂe gfo@'xélhg‘n&;%aue‘f"[h%wo% tﬂtﬂc?lagfc%?ia% n‘a{l pg}i'

sem conductor filmconprises a net at a concéntra

than | x 10havieg@n amle 'ﬁfenfdalﬁegca t‘haanolr(mdageeg) willairespd@, toMiiesr @infadehef the
crystalline e‘?‘xﬁ%ncﬁn{j m an or1g1]1tgt?o ratio cﬁ" tlae lattice plane {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 ritio of the lattice plane {111} 1s
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 {ilm 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 LSIs

that are produced by using the conventional semiconductor substrates.
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| east a nmetal element selected fromthe group consisting of Fe, Co, N, Ru,
Rh, Pd, Gs, Ir, Pt, Cu and Au. 16. The canera according to claim12,
wherein the crystalline sem conductor filmhas a thickness in a range of
20 to 100 nm 17. The camera according to claim112, wherein the crystalline
sem conductor fihn conprises hydrogen or a hal ogen elenent. 18. The canera
accor di ng, & 0 é{ nh\;“zm wherein the glass substrate is an alkali-free gl ass
substrat e anera according to claim 12, wherein the glass
substrate is sel ecte from an alumina borosilicate glass and a barium
borosi | i catle §IRgE&ble sya teinigaldpuag 3 AIsHay isyFesouPEpieay devi ce conprising: a
gl ass substagitse subgtrate; )ﬁs;t}élallllnnécnslemd@@ntdfijotwm th¢ blassovletratehe gl ass substrat e;
at | east a ahkanneharhelrfoinmig: fegigh nthe Bryfthignedepsdoalilcdieils epms@nguatcon, film
(]3-85-“); i S:c ng vﬂicldn?gﬂonenﬂa@oﬁ{\%'ﬁ)%f@ lé’nﬂc@ﬁlér%n{HM ' anthé @rtthEhQé Gc%ulzcﬁntdhdt&%lm 1@"!81»}1{
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respect t9" aéc P vl SF‘H@"E?“%% I":i ne sem conductor film wherein an
ori ent at i onvheesti @ ofentgtipmtatip o a pitagvep|{roQ00}} affthe brestaltiys tealitandector film is not
sem condiaggeothad BYembie Satti@tplae0QEY hat/Mann 3kgle bheotllakdried Pl @pred AR rdpdaard ng
an a?g: fam@&mrae@omﬁé&%a;tukws@mwnal%w €65, W th re8p§c§ to r; Pfosg;face of the
crystallin 0 ord entatian
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r espect 111@)31“ P@Ofémﬂffa%iié]”@fseimhendw%fmhI i ne sem conductor film wherein the
lattice plaherefn &0Ldyicd Plde H1and HAL1hndr el dedrecdetdedYbyamn @lcB@di Bftkscatter
backscatd,glracud;l,lJa{tgrg%ghg@ pattern nethod, and wherein the crystalline ]
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to cl ai 3210(} atomic ut not farger than 10 atomic %.

2. The portable data terminal according to claim | wherein said portable data terminal is a
computer,

3. The portable data terminal according to claim 1 wherein said portable data terminal is a cell
phone.

4. The portable data terminal according to claim 1 wherein said portable data terminal is an
electronic notebook.

5. The portable data terminal according to claim 1:
wherein the crystatline semiconductor fitm comprises nitrogen and carbon each at a concentration
3 .
tess than 5 x 10'"%cm’, and oxygen at a concentration less than 1 x 10" /em?’.

6. The portable data terminal according to claim I, wherein the crystalline semiconductor filim
comprises a metal element at a concentration smaller than 1 x 10" /em”,

7. The portable data terminal according to claim 1, 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, Cuand Au.

8. The portable data terminal according to claim 1, wherein the crystalline semiconductor film
has a thickness in a range of 20 to 100 nm.

9. The portable data terminal according to claim 1, wherein the crystalline semiconductor film
comprises hydrogen or a halogen ¢clement.

10. The portable data terminal according to claim 1, wherein the glass substrate is an alkali-free
glass substrate.
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wherein the crystalline sem conductor film conprises nitrogen and carbon
each at a concentration less than 5 x 10'8/cnB , and oxygen at a
concentration less than | x 1019/em . 22. The projector according to claim
20, wherein the crystalline sem conductor filmconprises a netal elenent
at a concentration snaller than 1 x 1017/cros. 23. The projector according

;Omgi :: melzgne\ﬂﬁgé(%}a@ktﬁ 8 na fa?_lcorc e t%‘%ﬂ?nﬁﬁgd\‘%ﬁﬂhg glFllasglsﬁl% tl;llsfs\ﬁee cc%ﬁ flolﬂ?laSt
Pd, Os, F‘?al”'ﬁt”‘l b@lﬁ?“ﬁ?f’tﬁeg%&ﬁa” Sy bar *Fﬁg”b‘?sﬂjcé‘é@@ﬁs according to claim 20,

wherein the crystalline sem conductor filmhas a thickness in a range of
20 to 100 arh AZBmehievips pfispimodevisecomaisig: t o clai m 20, wherein the

crystal |l i net depbubeindeict or fil m conprises hydrogen or a hal ogen el enent.

26. The prqj@Gtadinca&EREMiLbG: fi &«’cﬁﬂh%%@su%@feﬂ n the glass substrate is an

al kal i -f reeclt Q}as@%%hanﬁ l}&]‘n‘l’]l"f‘%}%{yog?} t, H?Slgh?& Q%%Ec%gidt%?()qqq[’g C(Qg%tls%]g% laCOm 20

wherein the gl ass su st.rat cate gl ass

and a bari QA8 8seisnEsEpR e g4 a%@ p'al*ﬁe{I P Briof é@? alwla'eeweaif?@d%o'cf i i35
wher ei n €3llgr lb@:b%(b@ttl@ﬂlaﬁuge placgid Pl }plpa(‘yjn@@p ongle ofgppt larger than 10 degrees with respect to
a surface of the crystalline semiconductor film,

wherein 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
the surface of the crystalline semiconductor film,

wherein an orientation ratio of a lattice plane {111} of the ¢rystalline semiconductor film 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 crystalline semiconductor film,

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

wherein the crystalline semiconductor film comprises germanium at a concentration not smaller
than 0.1 atomic % but not larger than 10 atomic %.

13. The camera according to claim 12:
wherein the crystalline semiconductor film comprises nitrogen and carbon each at a concentration
1 3 .
less than 5 x 10"%em?’, and oxygen at a concentration less than 1 x 10'%/em’.

[4. The camera according to claim 12, wherein the crystalline semiconductor film comprises a
metal element at a concentration smaller than 1 x 10" /em”.

I5. The camera according to claim 12, 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
A

16. The camera according to claim 12, wherein the crystalline semiconductor film has a thickness
in a range of 20 to 100 nm.

17. The camera according to claim 12, wherein the crystalline semiconductor film comprises

hydrogen or a halogen element.
18. The camera according to claim 12, wherein the glass substrate is an alkali-free glass substrate.

19. The camera according to claim 12, wherein the glass substrate is selected from an alumina
borosilicate glass and a barium borosilicate glass.

20. A projector having a display device comprising:

a glass substrate;

a crystalline semiconductor film over the glass substrate;

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

wherein 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
the surface of the crystalline semiconductor film,

wherein 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

the surface of the crystalline semiconductor film,
wherein the lattice plane {101}, {001} and {111} are detected by an electron backscatter

diffraction pattern method, and
wherein the crystalline semiconductor film comprises germanium at a concentration not smaller

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

21. The projector according to claim 20:
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 1 x 10"/cm”.

22. The projector according to claim 20, wherein the crystalline semiconductor film comprises a
metal element at a concentration smaller than 1 x 10'/cm®.

23. The projector according to claim 20, 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
Al

24, The projector according to claim 20, wherein the crystalline semiconductor film has a
thickness in a range of 20 to 100 nm.

25. The projector according to claim 20, wherein the crystalline semiconductor film comprises

hydrogen or a halogen clement,

26. The projector according to claim 20, wherein the glass substrate is an alkali-free glass

substrate.

27. The projector according to claim 20, wherein the glass substrate is selected from an alumina

borosilicate glass and a barium borosilicate glass.

28. The projector according to claim 20 wherein said projector is a rear projector.
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