; RSTUVW3e$D6PTTHI N FI LM TRANSI STORS AND SEM CONDUCTOR DEVI CE BACKGROUND COF
THE INVENTION [Field of the Invention] This invention relates to thin film
transi stors using a sem conductor filmof 5 crystals that are coll ected
havi ng vari ous azinmuths (hereinafter referred to as crystalline

sem conduct or S04, etk [p§% film and a
senlconductor1ggyﬁ¥g§%grnedg%§gu5|é?yyﬁe ovexﬁﬁﬁgj¢??%§¥h§9§?gtors
particular, the invention relates ' to a seniconductor filmfornng a -
channel -form ng region, a source region and a drain region of a thin film
transistor and to a 10 %ﬁﬂ@ﬁ@ﬂﬂgﬁﬂ@b(%?vtﬁﬁjﬁpy Ugyyhe above thin film
transistors. In this specification, e senlcon uctor device refers to
devices that work by utilizing sem conductor characteristics as a whol e

i nclusive of display devices as represented by a Liquid crystal display

devi ce antFiggHf eRAMNGIRI{nt egrated circuits (m croprocessors, signal
processing circuits and high-frequency circuits). 15 (Prior Art] There has

CEen devel OPeThi3 healingl Ao (PTG A Sl WALR0S) cgrﬁ%‘%rgxﬁldgct or

(hereinafter abbreviated as ormng a cr

filmon arghalssaebet r(%l@c%d ﬁQvﬁoq?@rchLﬁ §#H€%{E?t(ﬁgreﬁ9£{0ér err gfg Lhi's

t echnol ogy has been forwarded in & ne

repr esent&%t%@@eﬁﬁédrﬂﬁm%ﬂlm ;Js rp r?t@dﬁ)ryg S;B&{r rgretﬁﬁs 5 %)1?5%%‘:) }?ﬁ ﬁ-éFTS are

used as switching elements in the s 0

driver cigr sathicoh@upRg Hé‘v&@%ﬂﬂédﬁ g@ﬁﬁglﬁﬁ He LB 'tg%l ﬁhpsra{ﬁ%g@ﬂ%; Igﬂ{eef ly

used as a material of a crysta senFconduc or

(ghanne' fard dgr, rtﬁ@ir?ﬂ:%’t rioALER DAL AL RHIREAANT, LLL LW \jf%f"f“@gu ons of

oncentration drain ope rarn regions’

TFTS. Theegibh] ‘éosber!:Jf RheK A 3 AEXRLALLD gf S PGS tﬁahr;g;s b AN

to as crystalline silicon f y subjec I ng

e oA fSéIhqu{%“ﬁQ% to t e%ﬁeat J atth% QXO 13@1{81/83%?%%3?8?&8“

pressure CVD net ho t7eatment or to th a

| aser be c(lihceitﬁirf‘atfhteesr nﬁ%ﬁ&tﬁ&ﬁ td%vi%% S50 eﬁ?&eﬁet@xat WO DIW ufilizing,, g mist

Specl ficatl on I'n con UCtI n ear treat I'TEI’] owever

be effeCE@rﬁm%hd%cE&rHE%E?étHﬁ&; s ARIOHRTL 1A YD @g VioB% iRyt

hours to crystalize the anorphous silicon

tenper at yy e and fhe-LLeat | Hgg ay! ’Z‘Ev I‘—‘Ts gv\%g}m ERSA | m¥eor#| tablle from the

standpoi nt of productivity t he en a |qU|d crysta

devi ce i g n Jre si_ng TFTs a
et i ng T noER ks %?3%%9??%%% R e Bt R P e ease i
the area of the substrate, not only consum ng energy in |arge anmounts in
-the steps of production but also making it difficult to obtain honbgeneous
crysggls[pﬁgyp@kwmde 15 area. In the case of the laser treatnment, it is
difficult to obtain honbgeneous crystals due to the |ack of stablllty in

(t he out put offhbhenrhasesn HE%IBF@& Qrt{_CHIL?IE% Wé\h@ﬂﬁﬁ? Ty ¥53%blb dk)r¥5t al's

coul d become a cause of dispersion in af ACT eristies

deteri or gﬁ&&r{faﬂ%r AYBeviteQbs %ﬁ?ﬂ]g{ g ihd§ 9%119@ gu%?co?ldug{og%lec ggvi ces

and the EL display devices. 2 e has”al’s een propose n%logy
for forngag &kfusd 8 bhnPqshdd G@Redakd MA pplication of this technology has been

forwarded in a field of flat panel displays as répresented 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-




through the heat treatnent at a tenperature Lower than the tenperatures
enpl oyed thus far by introducing, into the anorphous silicon film netal
el enents that assist the crystallization of silicon. According to, for

exanpl e,

550C for 4 hours by introducing such a netal elenent as nickel into the

Japanese Pat ent plication (Kokai) Nos. 7-130652 and 8-78329, a
cryst al | igeaceiirpdon drainnfligstl Slopbd dirmied Lh)tthgiohe at atmeatammis gfordugt ed at

anor phous! ki siliconfifni havirg a ciystatihe arnysts (Henensidd etnrdd doasfe@yastinby t he

above conventional nethods, however, the planes of crystalline azinmuth

exi st i nséicoantbm fa&hivenl bandbjeheng ati enofplesisentiadr Gimi degovmed an a

particul ar crystalline azi nmuths.

The crystalline silicon filmobtained by
t he heat subsgatadnta prastiieCVA3 enethodatme hiw perseintesCpINnatchod st @il hae 5

particles to be precigietated and oriented on { 111 }. Even when limted to

t he ploandreagzingnt by tho

the whole film When the ratio of orientationis low it is al nost
i npossi biteatwennimtlds spacdintaciom)t y of | attice on the crystalline grain

boundari es where the crystals of different azinmuths abut to each other,

vzadiatine wiah iadagfr tenive tiatinafred refenet] excde@d20% of

and

it is estinafedondattingpai heat demdserar RodOvdrprhehe aritghmufhbe uffpakded bonds
on the grain boundaries could becone centers of trapping the carriers

(el ect r ongtplees)ractouniory then 680UE ¢ hat leserhaarlO Rsurk tarsRedlize Rhoperty.
is) since the carriers are scattered and trapped, a TFT having a high
el ect ri caficepbowntilit¢art filncaiiihetaboee expeiciedmgespiteeartidteThdatig figlrdreat ed by
usi ng the above crystalline sem conductor film Besides, since the 15
crystlél | hnengeasarilpoundbleifesmake stanidpomrdpdodadiashi dhe TETS WiHdd gult to
(f ormthe channel -form ng region using crystalline particles having a

That

parti cul liquidryrgstal displey deivimatihtakandnel @etsidecatthansat gppledd godatc tdige TFT
tend to becone dispersed. SUMVARY OF THE | NVENTI ON |t

Is an object of this

i nvent i o Fle, phewiide fumans of adaigelsize ngnédiesarp ey eoOnvitbntri trechsprirkbhens, and
to provide TFTs using a crystalline sem conductor filmwhich is obtained by

crystal | aziang tha sahurpkoust salyl @esduthgendiol im dnge iasndlinghliyy che steps of
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production but also making it difficult to obtain homogeneous crystals over a wide
area. Inthe case of the laser treatment, itis difficult to obtain homogeneous crystals
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.

There has also been proposed a technology for forming a crystalline 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 that assist
the crystallization of silicon. According to, for example, Japanese Patent
Application (Kokai) Nos. 7-130652 and 8-78329, a crystalline silicon film is

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.




oriented, as well as to provide a sem conductor device nounting the above
TFTs. This invention provides a TFT having a channel -form ng region forned
of a crystalline sem conductor film obtained by heat-treating and
crystalli zi 21%}3%13 %}gr pa_ous sem_conductor filmcontaining silicon as a
mai n conponelit MHhETE G istheepilan femtadhby she mbove manventivhemertodst omi ¢ %
but not |arger than 10 a} omc (preferably, not smaller than 1 atom c % but
not | ar g&?VEHAnts: Blepas ef ossalineazaguimerist ime windehefashion; hed ehoracidher ei n
an orientation ratio of the |lattice plane { 101 is not 5 smaller than
20% t hePlAataitedopisae for parriqulaarysiglline sangidsofl heotrysalligersilidoarfil&o
degrees with respect to the surface of the sem conductor film an

ori ent at§BAMest P the bepe tleatmieop Han éasooEaymest potmitaphenl tiyanl3s t he

| attice plane {001 } having an angle of not |arger than 10 degrees with
respett RatEksta ?metegﬁédﬁm&ﬂbi}f EVWWQndliant@}ﬁce%taﬂéxm ratio
of the latticge plane { 111 } is not I_arger than 5% the lattice plane { 111
} havi ngzHRuD hgveggver gihergtiolod ogisptatiranditneieayceed 2004 of thesplale . t he
surface of the sem conductor filmas detected by the el ectron backscatter .
diffraction Yarrek Reihed orFmeation entownitf Wralmest pnpvisdds ta MEDthiayi ng a
channel -formng region forned of a_crystalline sem conductor film obtained
by heat -@Pé‘@tui“ﬁgo’égﬁtléfiy@ ahtiaysiglliae amr fovod asenivdemd ubt orrystalsnof
containipg silicon as a main conponent and germaniumin an anount 15 of not
smal | er GifgRsNO 27y BFAEULED aRchother arbit it ksimat:datheniuepdr¢d behds atel y, not
smal ler than 1 atom c % but not |arger than 5 atomc % while adding a
‘et al0 elfered musdy et be uppaired hoads or Hengrain boundaties cofild becdrat ¢draerspl ane
{101} is not smaller than 5% the |attice plane { 101 } having an angl e of
not | ar gériranning stheegrraess Wilearrpeypelss) pocolrting fémeedwp trhehsenimonduct or
film an orientation ratjo of the |attice plane {001} is not l|arger than
3% 20 tHEsPattpE@epyanthioblsipchahe aarras anyberttdfred ond| wagexd, thART10
degrees with reﬁp ct to the surface of the semi conductor film and an

ori ent atiasing at pehoelackdcigtd imebilitvanengon be xpesterbtdespitgehet RER 5% t he
lattice pl ane@é 111 } having an angle of not larger than 10 degrees wth
respect [akgiqaged dyrysiee thf abpee g@ﬁiﬁ%@mwwpnﬂutmr ddmdeBegteq stcet dhe

el ectron backscatter diffraction pattern nmethod. 25 The invention further
pr ovidde §rigtathe teaginnbowndsiioa medist fio rantarnglone dasdviot.oit ie difGeula thifghihyrher i ent ed
crystalline sem conductor filmhaving a thickness of from20 nmto 100 run
and conchrnnelgfoaming gegionnyingaeysnllate ponicéest hatingnspaticslml dreyallinan 5 x
10~18/cnB, contai ning .oxillgen at a concentration of smaller than 1 x

10~9/ cnBzingH#, and electric characteristics of the TFT tend to 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 semiconductor 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 obtained by heat-treating and crystallizing an



containing-the nmetal elenment at a concentration of smaller than 1 x
1017cnB. The invention further provides a sem conductor device having a
channel -form ng region formed of a sem conductor film obtained by
heat-treating and crystallizing an anorphous sem conductor film containing
silicon as a main conmponent and germanium5 in an amount of not snaller
than 0.1 atomc % but not |arger than 10 atom c (preferably, not smaller
than 1 at oamorphotrdenticindudtof Sim (cBARinn 25iAEHL ats MAlhlcBnRIiRAnd cBRERlum
el ement thereto, wherein an orientation ratio of the lattice pFane {101} is
not snal | el ehanntof e smaller deanpOdnatoinig¢ B duthweti laggearthandeatofnin 8

| th i t th f f the senj. t
(1o an oreSelBYEeHytel M T RERc b pledor S5 R T ity BOThI Rl oy
than 3% thetal aldnene tdrane whofRin hnhaEnh@ioara8p Breheflames :p]l;@lléggroﬂg@moito

degrees with respect to the surface of the sem conductor film and an

ori ent at i o¥n#lier ithpnd0%. ke laftieq plang { HHe Havimglan angle pbrot| larsgethan HArdeSedes t he
lattice pl i nale of not..larger.than 10. degr.ees,.
ol it ve A rbsptdcto O BN, Fne R ol i rieh P Kt SE e TRgce

el ectron bpleks ¢@01t e ndi fafgop Clian03vo pikietigtive FROLEGI01 LRavIkiCan MY BOLE Qs htpet her .
provi des a_sem conductor device having a _channel -form ng regi on formed of a
seni conductd? 1P idegreshvih respediyo Hsatwiere af thegeminenduster &, ianfl g csientation phous

sem condu i t.al i il | chi e nen ermani umin
an anount C%?Br?fgtﬂllésqggﬁaér t hgglg.lélhg@grrﬁ%gt 0 bgt}lf” %83%%?8%?& t{?gﬂ‘ .QL%}H%\% &hi c
\(/\ﬁ r Ff e?Ogg! angleafinc rhaigd:rfathaln Ha miegreaxh wmm@eéiie\;h\uﬁb thoturfaat g€ thetsemicondadtoiikn °/$
ile addin net al, el enent theregto, wherein an orientation ratio o
the latti cf%ﬁ%é‘ﬁ%b{yt&%ile?tr‘?“rsﬁt‘i%stcagﬁ'éﬁfﬁcm?ﬁB?’Ft%@/&neﬂﬁ’él' lattice plane { 101 }
having an angl eTd in0atichal ARG oAl $PO1EGREY Sni@T0GGh: LATBrAN hace Of
e Iattl%e 8

the sem conductor film an orientation ratio~of t ane } is
not | ar gera emystallBosemisendustarifide qbitznal § 0kt Yrefting g caystaligihg anbmoathohar ger
t han 10 de rees vvitt hf%qes(g‘gct. to.lt he surface of the sdem' conductor fil and
an orientation dupton iy HERE SHECT I & RAR AAPONCR] 206 gIMABIM MM an 5%
the | afsti cef ok anglldr tHablo.} aldaui PObRhARNGLS thin [Phtohdd %&f&%g}@m%ﬁﬁﬁﬁ?s

y the

relative to the surface of the sem conductor filmas detecte
el ect ron Bh#ks @k divt nptlerges thapat eemmic et whide adthies i myaaitdlomerft uhdrbter

provi des 1 Vi i-ng a ¢ el 5 f.orm ng_teqi fornmed
o a i ghi 3 s SRHLSGs 8 GO R CRRCE RN S ot emil Rt b Peidlisg o
from 20 nrplare {l00} haviagnah e &f Kt NG o8 thia g ABzrBadwRRFRPt & theRNERR dfakd ONS
of smaller than 5 gLéOl' /cm, contalnin ?xtﬁgen at a concentration of

L3

smal | er t FERUconduatpr g, An orgrintiep kit of ec plana (0@l }cigwmat lagger ghan 3%,

concenfgr aty a,%rrgj b5 \ e i S
added rjzibs Otlﬁglhgt?c eﬁ%r e fOII? ﬁg{élggs% gljagélteé%— T%th E%E?‘—re@g@ﬁkﬁee &vﬁﬂ%ﬁépe&&?&% Ir,
Pt, Cu anduface Thicammiqhdusorsfiln,cnd i drientaiontrhid of e lﬁ&ica|pl£iee{mmg id S
,added is heat-treated.to thereby forma conpound (silicide conpound) of
‘silicon ml}oﬂ_ﬁ%‘%%%ﬁﬁétg ° @‘Féﬂ&ﬁ? PI%IT?]?%% S Wednolratilysesthen 18 degises 10
the crystaliti zadpe@nio GRS SRR BRL sdidicBAERE Bick NS AURLRN S o F!egtg does

not react with this conmpound but stays in the peripheries thereo uild
up | ocal dJueekscatter fhfEragiorgpattemonktbiod.o i ncrease the critical radius of the

f or matskon of nugl ei. and, .hence, to d se the.density.of the fornntjion of
nucl eir2l.5 The st ﬁg]ler%n elﬁlrlaf) trllgfrﬁfef quvé(?etgﬁglc%fﬁ@ﬁf‘%?i%wr'f%%&’% mewen ftorme of
a highly oriented crystalline semiconductor film having a thickness of from 20 nm to 100

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

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




15 To produce the above-nentioned action, it has been | earned through
experinment that germani um needs to be added in an anmobunt of not snaller
than 0.1 atomc % but not |arger than 10 atomc % (preferably, not snaller
than 1 atomic but not larger than 5 atomc % . Wen gernmaniumis added in
amounts | arger than the above range, nuclei are fornmed spontaneously and
conspi cuously (crystalline 20 nuclei that are not dependent upon the
conpound ofontdeing thtadeigbelameni & penodentstiarofahiatiyr thin $ixl 10¢demand ger mani um
making it diffinflglt to.i nﬁ‘ﬁgase the ratio of orientatign of the_ obtained
crystal line sent ColfyEEtosy lurtpemproyidena ganicariugiaridsvise havng 4 chamneldemming
anmount s, StebinNfo t I t £ Lh Gl g e i i

T cul t e aas o scbueRy  Mnflofink) By R FRAE ol (i Bllng on

amor phous ¥eerpbersdgstiemdictomfiine contpsting silizaras 4 ke obpaneaf aidgerfiahiim
contracgts due to the rearrangement of atons if viewed nmacroscopically., As a
resul t?"iG - gn, gjougt gfrné’éssn?ﬁ’g]@g&}gmﬁ ﬁ'lt HameG ye but | o dacgshitha, () Aty |¥/1> m
formed on (phge@bRsShéaingall 1 3l i [ WcToPs o di us
| arger Chas & hay Do g lck AR, Bk i nEE LA R P 0 g ko

pr ef er abl yinetal elemegt ghasetpc wWhercfrowe watentatibe raton tof ahé¢ ilatticooplanel {108} dusot o t he

crystal I'i zat QN 41.S S e d, .and |] interpal_ S stress occurs. That
i s) upon csglﬁl%l%f H}aﬁgﬁg/gﬁh%iaﬁﬁ?ﬁ %!fmea{@(}ig’gﬁ’flg&‘fll%‘ﬂpea%f%iﬁ“gﬂpié‘? 44 dggreesi s
i nventi on,wiinecspedtas hd Burkdte oINS EdhicoMRcRETIHO B GEALdH HRoCaNLE Garfigd 2Xed.
The distribution of crystalline azimths can be found by using an electron

backsd&t t grlang {401 has nefnlapasr thanr3 %.CBsmtticeTenEB%A } levingret dngle of natdalggri ng

the 10 cr ' ' t he backscatterin f Qrimary el.ectrons b
br ovi di g e 40 SBReAA Ik b b Wl B O fbticnndhe s D aniie Gepdetar
(her ei naf tretio of Hieslaniet iptahei 8 11 plienstegrgtothas SEBSRe MREAOSAO 1 CIOMKRTLLEE) -
Fig. 21is a g:(g‘grarp illustrating the principle thereof. An el ectron gun
(Schot t ky 388 Y-nat dager b d§ degicss adelpsnioghe purtee, ofghersemispndgorfHith as

sampl e chaheleatnoLeFASIAUEA P phBrs IR ST as Lhose of an

ordi nary scanni electron m croscope. neasure the EBSP, a stage 204 is
tilteddat an andlcenvintiohdutth&Prohddeseesamieoduetos degit€hA0 b sShirhsl-frvadk | n

this state, .a ﬁ.cr eﬁﬂéﬁ of, addet eg};rgr 206 is inserted so as to face the
sanpl e. REFEPRACEIA AP ATHERIPHAN ddip e lahede b diepbticdha rfnd Xopstallizing an
backscat t @heipiRlug GbhRB3ndddor B coMifi g2 @h s d Hlef DhdodbhSardNedAGn AP €
having a crystalline structure, ,
in an amount of not smaller than 0.1 atomic % but 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 orientation ratio of the lattice plane
{001} is not larger than 3%, the lattice plane {001} having an angle of not larger than 10
degrees with respect to the surface of the semiconductor film, and an orientation ratio of
25  the lattice plane {111} is not larger than 5%, the lattice plane {111} having an 'angle of
not larger than 10 degrees relative to the surface of the semiconductor film as detected by

the electron backscatter diffraction pattern method.

The invention further provides a semiconductor device having a channel-




non-el astic scattering also takes place on the back side thereof, and there
can be al so observed a linear pattern (generally called Ki kuchi imge)
specific to the crystalline azimuth due to Bragg diffraction in the sanple.
According to the EBSP nethod, the Kikuchi inmage reflected on the detector
screen i sfoamalymgibtt orfidid ftaheglly drteysedbysndlivziomit bndbctbhlrs &Pl 2 Fig. 3
illustrates a crystalline sem conductor film 302 of a_polycrystalline

st r uct ur echficdemmssl cdnframs dBstumate 1801 nmThadcsyshalihy nersesh coRidesion hi | m 302
has a prerequisite in that each crystalline particle therein has a

di f f er entccorcystakibnnet sinb et thanGpen0F epeltbngitimaRRy 8 at Heodddirdhal

anal ysis while noving a position of the sanple where the el ectron beam
falls, thdsdatllertedmted @'dchtieant yst@ininpehs nazhlithedf at cbh@REdRA at i on
can be obtai ned concerning the planar sanple. The thickness of the incident
el ect r'on dfeamlzd3hamrie$0dependi ng upon the type of the electron gun of the
scanni ng el ectron mcroscope. In the case of the Schottri-y-electricfield
eni ssi on el ecthomegeirelempnetlec iy ahlcdéammeobr apry ef thdsé Rde@sd Ednh e ZQhM can
be projected. In the mapping, nore highly averaged data of crystal

or i ent at iNi R Rin,ePdbDs,i Inele, Wi bndm i.nditeagroiphdibeilivuriidm af whivgh feasur i-ng
points or with an increase in the area of the neasured region. In practice,
about | OGAexapailerhsng as gdfedfis hearmeatred abotlerd00RnPAI B6BPHAS Gilidear e
nmeasured over a region of 100 x 100 fem . Reference nuneral 304 indicates a
backscat teergubhweldeif sitinon Wignthichee tal oletnabl.i TRisazhipsihg (Bén HTRsES sosisabd | ne
particles are all found by 15 mapping, the state of crystal orientation for

(t- he fi0 mtharrpealkixpiess€trimntuatdibt &t Addarngle abehdAA dilfcch dhAgR&M
illustrating back poles found by the EBSP nethod. The diagram of the back

pol es i s réaaquielnthiy com@duhdbuditapl iayhagetipleerpisehereentd Rkildih BebBideR of a
pol ycrystal | i ne substance and collectively represents which lattice plane a

parti cul ahepbage ¢oukd asenatadehthef tlimtalnedeys of cHehRreamBheof Sudlpi aad eenment
20 with. A fan-shaped frane of Fig. 4A is usually called a standard

t ri angl e hencahioodecas seithe ldatlsity @ dheifodaxesn of ntiblei. cUhé ereginyBtdler $nstem The
l ength in this diagram corresponds to an angle in the crystal l'i ne azi nuth.

For exanpheprientaigl ef ofysédb. degrees is defined by {00l } and { 10l }, an
angl e of 35.2G degrees is defined by 25 { 101 } and { 111; , and an angle

of 541574 degfleesprodudefihnegbdye-fredlidned andicdrQ0it; has Bhih elediddedhidupds
represent ranges of shearing angles oaf 5 degrees and 10 degrees from/{

101 }. Fiegpediiens thdigeomanium wbtddtodleladded susin Bgopdi B Sodsnldl@dehpodnt s in
this exanple) in the mapping are plotted within the standard triangle. It

will be heanite® Biratortiheedensi IyatomibRgpraasbly heopohdler thddl alomki @. 4B
shows the concentration of such points 5 using contour |ines. These are the

val ues obuanoakirgaitthadissttomititd) RV hemgéingahiuang el ganeents dreenhhdensi ty
of points of Fig. 4A) is represented by a contour line in the case when-a

~ andom othenbaté¢ omnges rprichs uredornklet grortheemaluesd cepsmsenisimagnithlisat i ons
f when it is presuned that the crystalline particles are oriented in a

qui t €0or detlegsisarmpngit depetdencmien dheeopgidiingl @fride avdad ydhisdlembrtied in the
standard 10 triangle, and are the val ues w thout dinension.
an alloy of silicon and germanium, making it difficult to increase the ratio of
orientation of the obtained crystalline semiconductor 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 a result,




When 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 nunerical
val ue, so that the degree of preferential orientation can be easily

i magi ned.tehglld fifesdbagira i elie bastallne! RenishQd: (dbfilrA fhinged 4Athé oibsexaap! e,

the ratio of the nunber of points present in a range between a shearing
angl e of ($pelegoeesnianGeamahrat haginangl foafic #lideBi@eshhh eihd ofdlikoh at
(indicated by white dotted lines.in the drawing) to the total nunber of the
poi nts cancditetxpit@SE . 430 a0rabinge 6F, mefemblal | en 3i:RoeeaPs,itanasew di t he
followng formula. 20 [Fornula 1] { 10l } Ratio of orientation = nunber of
nmeasur ed deeiriksiow diRoiume datk kowabt g saiigheiobat wagitedsbe, 4t 4 beallph@pgal{ 101 }
and the filmsurface / total nunmber of the neasured points This ratio can
be exp aisaesk idkcarsmarfibsic a§ dpserddirdinhed awrmWhaint fie 29 condbskfddutdson is
concentrated near { 10l} as in Fig. 4A, the individual particles in a real
fil m havecaremplated By chidPivenribaatHe)upal Rahdicegtaling GethRengdubsirfidh@ads shown
in Fig. 6 but are expected to be arranged being fluctuated thereabout. The
al | onabl ¢evialageg. of the angle of fluctuation are set to be 5 degrees and 10
degrees, 5 and the ratio of those smaller than these values are nunerically
expressed. Refles dpesbinivrebalrBlllihddiigatds canebsfunal 1§ u6iBg, ardeletpshal | i ne
sem conductor film In Fig. 5, foi exanple, the azinuth < 101 > 505 of a

gi ven crystRddaktee difctiohepdteernQEBSPG | UDigd BRSPAR 2hlceM@blof ahaRe@gahe
degrees 503 but is included in an allowabl e range of 10 degrees 504. In the

(g-at a Appeafsialtink alzehutH hondkhobvablRagbaap idipranglyesecairens &y prbvidnde 5
jegrees and 10 degrees as described aboveé, and the ratio of crystalline

particl egcaatihgfotbgoh hherbgopX ABESSE ithRal §Eent elcietel dheRMaftdrdichat es
surface of a frlm 502, a perpendicular |ine of surface. In the diagram of

back pol ese$baW deferfdd 1o 48 EBSR NahbeEX@s @r@chich@d).} Fif. 211 4 dane.h001 },
.and the other plane azinmuth appears as the shearing val Ue i ncreases 15

rel ative jf@cacdliHe. pr i.BQh%ﬂQﬁrFﬁgeﬁﬂﬂbﬁgﬁmqﬁkhoﬁﬁ%f%kD@ﬁ@ﬁﬁﬁnﬁgoﬂﬁgreeS,
then, { 112} devel ops. en the ratio of existence of crystalline azinuth

is to be RS2y, 4 Rer&EBRR ahdarseiplechihbealdDwabtenshead nghangl e
nmust be determined for the crystalline particles that are distributed in a

fl uct yat eemERNNBIere0 dassedPhn bdihAg stsieniak BRI roRdRXeSscophe T phesehte dhavent or s
have di scovered that the ZO ratio of existence of crystalline particles

ori ent ed HBSR pahké 9Ok as (Badntih easleRE Meantalt igrvel YndXPEassiedd%is
collecting the data while setting the all owabl e shearing angle to be
smal | er thaplldd Ueeiees®ra &iredd 205 bianiebedBHLOESs inserted so as to face the

sample. Reference numeral 207 indicates an electron beam; 208, a backscartered
C electron.

20 ‘Here, when an electron ray falls on the sample having a crystalline structure,
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 polycrystalline




BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a diagram of back poles of a
crystalline sem conductor filmof the 10 I nvention found by the EBSP
nmethod; Fig. 2 is a diagramillustrating the constitution of an EBSP device
of the present invention; Fig. 3 is a diagramillustrating the concept of
measur i ngstauganpioemisy arhesEBBRIS30f. The cpysesléine semiceniduonyr flingk)? A and 4B
are diagrans of back poles obtained fromthe EBSP data of the
present - i presduigre irFitgat Bacls cydalhgeapatiicleusheratd hgs shddferarg aglaélindg rom
the { 101 } orientation of the present invention; 10 Fig. 6 is a diagram
i |1 ust r at ismgutihelUpbuctpatingriniappitg the b ushalzirmlisks vafilemysinalal josion
particles preferentially oriented near { 101 } of the present invention;
Figs. 7A- 6\%1’31 sudplagrhes iHel elstmranitegnafatst bod dafa fdawidng ehecenystadlind ne
sem conductor film of Enbodinment 1; Figs. 8A and 8B are di agrans
i || ust § at azigush petddek ofiedariohrgntteehsripetalonicemind tsepiananstuapler Tid m of
Enbodi nent 2; Figs, 9A-9C are diagrans illustrating a nethod of formng the
cryst al | i thécleenss obdduataent ilentrof Heabodld hreatie3jefdeindtng diA dRGype ef dieagr ans
illustrating a method of formng the crystalline sem conductor film of
Enbodi nentledgroZ QuBi ofsthel dAnaiek dleBrranemdiragiopes id thustasat dfndeaSdteepcof
fabricating a _

- electric-field emission electron gun, an electron beam of as very fine as 10 to 20 nm

can be projected. In the mapping, more highly averaged data of crystal orientation
(_, 10 are obtained with an increase in the number of the measuring points or with an
increase in the area of the measured region. In practice, aboutr 10000 points (a gap
of 1 um) to about 40000 points (0.5 um) are measured over a region of 100 x 100
pm’. Reference numeral 304 indicates a backscattered electron.
When the crystalline azimuths of thé 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




sem conduct or device of Enbodinent 5; Figs. 12A-12C are di agrans
illustrating a step of fabricating the sem conductor device of the present
invention; Fig. 13 shows SIMS data expressing C, N and O concentrations of
sanples by 25 ' using SiH3, GeH4 and H, gases of the present invention;
Fig. 14 i drandri@ih. showi ng Ge concentrati ons of sanples (SGNS) and (SGN 10)
11 nmeasured by SIMS of the present invention; Fig. 15 is a graph

i Ilustrating &igel/atsichashi pn héiokedhmehairatmunhesqfl 1 858lhbineinqhiseabhpand t he
density of generation of crystalline nuclel c~f the present invention;

Fi gs. 16Aianbe b6Bpsioweploayd diiftfinabt somdpal tedmse ofr winRliesntINhaangd 5
(SGN10) by the 8 - 28 nethod of the present invention; Fig. 17 is a diagram

of back paleesitpfs Higtensarhk @o(EN)LOL OURL. BB shbes BRSRnc#BtA8Enof sudiRhasent
invention; Fig. 18 is a diagramof back poles of the sanple (SN) found by

t he EBSP mmidyotbrabut heeprEsentaré dvenilueof 40 afih@sh AQALEEN #i& i AGHANS
illustrating the steps of fabricating TFTs of a CMOS structure of

Enbodi nmentché coht@sra@(@8kiaicf pdirdg bals. 4l)us taiticnge E¥RARbR & 8fline in
el ectroni c devices of Enbodi ment 8; Figs. 21A-21C are diagrans illustrating

exanpl es ahe elaectwiami-a dedbaesriehratorErdpeisaBRl. 8Here, the values represent

magnifications of when it is presumed that the crystalline particles are oriented in

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

(7 10 triangle, and are the values without dimension.

When it is learned that the crystalline particles are preferentially oriented to

a particular index (here, {101}), the ratio of the number of crystalline particles

collected near the index is indicated by a numerical value, so that the degree of

preferential orientation can be easily imagined. In the diagram of back poles shown

15 inFig. 4A, for example, the ratio of the number of points present in a range between

a shearing angle of 5 degrees and a shearing angle 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




Figs. 22A-22D are diagrans illustrating an exanple of a projector of

Enbodi nent 8; Figs. 23A-23E are diagrans illustrating a nethod of formng a
crystalline sem conductor filmof Enbodinment 8; 20 Fig. 24A is a graph
illustrating the concentrations of netal elenents nmeasured by TXRF (Total

Ref | ect i dirikutay iFcuat@aenre rapeql 005 aoRY FihahQiRe alvRlubBparlfiesBRLL er i ng
treatnment and Fig. 24B os a di agram expl ai ni ng a measuring nethod of TXRF

of Embodieaefiln havOESGRRTHION 107 J'ﬂ%aﬂ&%@%@@%ﬂﬁ@hﬁ%§r&t@ as shBgpodi ment

Mode] This invention has a feature in that the crystalline sem conductor

filmusead B théuthaanslpet@dmtdGer 86085 Ohe o THlcdugrddn e Q08HRANt Aitl Ng,  as
a main corrponent silicon which is hi gT'uI y oriented on the { 01} lattice

pl ane. Adaflagaliies af the aRilesenheduavienenbodi GaRts Hf-0Psal 1h MY the
crystalline sem conduct or film a metal elenent is introduced ifto the

surfage Hid ahe aBBOPHOUBORETInGHBAYREAT tHebd mai&_rsnﬁ@ ﬁMm%nEbH?r@x Qe ret hod or
a |low pressure CVD nethod--'hy using a gas of a hydride, a fl uorlde or a

chl ori deR @brepick ne@iral COBinANG (&1 fERHY, %DQr@cﬂyE'taﬁfr@E‘s@nﬁ@oxﬁﬁﬁﬂtéﬁ f1ﬁ1ff'e
crystallization of the anorphous sem conductor film and a crystalline 10

seni conduyatiers, ot dRadnsplb orHEegi Ay ke Oheatos bﬁ@ta%ﬂtm%lﬂhh bh#igidhe metal
el enent. As the substrate for formng the crystalline sem conductor film

there cafclged i dhllywaisiedadn @15@okeés 569 bgk AS8CIBNAS LT At fISHHe RfdRN
al um na borosilicate glass of barilumborosilicate glass. Typically, a #7059

gl ass suIYDRELQ503. mﬂ%?dgﬂaa@%eéén& RS Bt Al RO M AGieOmel S HEGG There
can be further used a duartz substrate or a sapphire subsStrate. Or) an
(l nsuj@t icgthef bl B Dol fordmede@nst Becsibed 388vOfadl the ratio of crystalline
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
( s0 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. 1 is a diagram of back poles of a crystalline semiconducror film of the

10




sem conductor substrate of silicon, germanium gallium or arsenic to use
it as a substrate. \Wen the above glass substrate is used, a blocking | ayer
of silicon nitride, 20 silicon oxide or silicon nitride oxide is forned

bet ween t he anor phous sem conductor film and the gl ass substrate. This
prevent s imputichyfoehdmnhe ERSThmashal kal i metal el ements contained in the
gl ass substrate fromdiffusing into the sem conductor film For exanple,

Si H4, NH3 andFiy- Jafsea dseda@silieastih@rhgasestdtidhef phaspspQdidetheg. to
forma silicon nitride film O, SiH N O and NH3 are 25 used as reaction
gases to pekem@insehtiean nitride oxide film The bl ocking layer is forned
mai ntai ning a thickness of 20 to 200 nm 13 The anor phous sem conduct or
filmis fornmeBigoh g héiagtistinata by th@@oﬂ@&ﬁﬁ@n@e@ﬁﬁ% hesthplaw pregsyr e CVD
~nmethod or by any other suitable nethod. en the plasma C@D met hod iI's
appl i ed, dhéermasiricanvhasowf Si H- and GeH~ or the reaction gas of GeH4
diluted with SiH- and H, is added and introduced into the 5 reaction
chamber and i Eigdeic0apdgBhrdiagrathgbiHat R guRA Y rBh&trbhC I FFHRAAS offhd to
Z00 MHz to deposit an anor phous sem conductor filmon the substrate. The -
reaction gaservAyveenda n Si ZHb or SiF4 instead of SiHt, or--may contain
GeF, instead of GeH4. Even when the | ow pressure CVD nethod is enployed, a
si m | ar reactFigns gas dimyahal usedind¥rhanabinglestthin tBAGIDOP 9Rscd ol ut ed
with He) and an anor phous 10 sem conductor filmis deposited on the

subst r at echatprasdrgmpesaisg,e of 400 to 500C. In any way, the gas used in this
invention is the one that is highly purified to decrease the concentrations

of inpority efigménissa slikchamsilloxyaany thkthegemios 3 koR Lhat >mayimhaht happed
by the anorphous sem conductor filmthat is deposited. The anorphous

sem condugyanlifriel partibRé prefettepRsly eRni@bnéart NIIRNESBe ite@nt #NE& R, f rom 15
20 to 100 nm The anorphous sem conductor filmused in this invention

contains silifggn as-ADMReNdRAIANeMstARhed 8 MBI ToARBMAUAYs@fli ot

smal ler than 0.1 atomic but not |arger than 10 atom c % (preferably, not
smal | er tdaficdndi@nt Gl EnRlimbat ger than 5 atomc % . The content of
germani um can be adjusted relying upon 20 the mxing ratio of SiH4 and GeH4

used as typi gabs. BeRehi OB NasRseralRel@RERIPOMS B8N SORENELOIHLANtAINE
ni trogen and carbon at concentrations of smaller than ~ x 10~s/cm and

oxygens atsethi€ombienbs Ailnh of Fafbimkher; than 1 x 10'9/cm, so that the
anor phous sem conductor filmw |l not be adversely affected in the srep of

crystal |l izat ifags. apd-dhatre &ligGhils GllRSeRAId hesetfod BE (Giyisbalkel Astalline
sem conductor filmthat 25 is formed wi Il not be adversely affected. A

met al el egBatondudedt fiRd e Behilgli@ehhg, surface of the thus formed anorphous
14 sem conductor filmto assist the crystallization of the anorphous

seni conduct orFigd. | IMA -TOET SreCliRghthsUHast Aes QrmMbE Jfi MRS (R aBlRment s
selected fromiron (Fe)) nickel (N), cobalt (Co), ruthenium (Ru), rhodium

Rh) ., palseattditudos) filnRemMEuBdi@en 4y 1 dium (I11), platinum (Pt)) copper (Cu)
and gold (Au). These netal 5 elenents can be used for assisting the

crystz) | i zat ifag. of | Ahendmanphous $@pie@Ndueieiudd |4 apy AngcRind he
i nventions disclosed in this specification. The same and equal effect can

be obt ai neghithdigictgdevity opBmbRHih&e Bbove metal el ements. Typical ly,
however, nickel is used.
Figs. 12A-12C are diagrams illustrating a step of fabricating the semiconductor
device of the present invention;
Fig. 13 shows SIMS data expressing C, N and O concentrations of samples by

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

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

11




The portions into which the netal elenments are introduced may be the whole
10 surface of the anorphous sem conductor filnm) slit-like surfaces or
dot-1like surfaces at suitable places on the surface of the anorphous

sem conductor film In the fornmer case, the place my be either the surface
on the subshured by SINES of thehgesgmuriphousorsenm conductor fil mor the surface on
the side opposite to the substrate. In the latter case) an insulating film
i s pref er ablBiof 0f wadraph tTheuanng phelasiobshipdrteenddetamodnd ahaddiig¢le net al
el enment is introduced through openings forned in the insulating film There
i's no pantHeuharht idehbiat obgeramatidre of twetadling heclopefiibnggesebutnt@WE1oN;: dt h may
be 10 to 40 Eem The length in the lengthwi se direction may be arbitrarily
determi ned tEgheloAaynd fl6Bsisey et-aiy it cobnnpatans of caswlesr &N éng of
centinmeters. ZO There is no particular limtation on the method of

i nt r ogluc{9wING Depbe thietal 2@ henkod of dndpasynniivhedosan be enpl oyed provi ded it
forms a netal tilmon the surface of the anorphous sem conductor _filmor

i nsi de t her e@ib., | Thenedisgmubef &apk gpéd, off dre sxaplpl ©N)sfrutdeby e #E5Hod,
vaporization nethod, plasma processing nethod (inclusive of plasma CVD

net hod) , magsal of iheprmirhddvertien;met hod c¢>f 25 appl yi ng -a-sol ution of a
netal salt. The plasma processing nethod utilizes the netal el enent
sputtered frpm a8agathdideramn of batbwoliissaharegenaplroSpiefairsk bashe B8 gas. 15
The net hod of applying a solution of a netal salt is useful since it is
easy fachkii@l bhthetesadjinsémemt; of concentration of the netal elenent. As
the netal salt, there can be used various salts. As the solvent, there can
_be uggd wat eFigs.al ZAhS aralddehyde slluetharstior sapy obtfheicasingahféssdlavent , or
(a nixture 5 of water and the organic solvents. Further, the solution is not
“necessar ChWOBherReerd f Ihbotlintdia Gret al salt is conpletely dissol ved therein
but may be the one in which part or whole of the netal salt is present in
the stain of Fasspopedl ene dihirahaviiustretinpdxampbrspdloyledironiredsetel okl enent
is introduced being dispersed on the surface or inside of the anorphous

sem condpgieditheht®; 10 After the nmetal elenment is introduced by any one of
t he above net hods, the anorphous sem conductor filmis crystallized by
utilizing thpjgeral-2l€meetdiadherscillystratihg zativgres sf efekgoned dpyicehef heat
treatnment, or the irradiation with an intense light such as | aser beam

ul travi okgihodavie®f 8 nfrared ray. The heat treatnment only is enough for
obtaining the crystalline silicon filmwhich is preferentially oriented in
15 { 101 }. PreferaphyD hewedegranishellieatinty eat peaples obf4 qupisdand! then
an intense light such as | aser beamis projected. The |l aser treatnent after
t he heat Eiqtealiment 8y epai rs and extingui shes crystal defects left in the
crystalline particles, and is effective in inproving the quality of the
crystal s thaficr e300 BEdre theothestilluseating at medmdel comdogtadrsiaing range
of 4~0 to 1000C. The 20 upper limt of tenperature is considered as an
upper |i ghicohdt.enpdilat of Embbiieherid substrate that is used can withstand.
For exanple, a quartz substrate can withstand the heat treatment at | 000C.
When johe gl aggy. 34bsit hataph Blussedng Hoverernubhiensippeetal ilvintenss MEBFHIER at ur e
must not be higher than a distortion point thereof. Wen, for exanple, the
gl ass subgtaRre (TasalRélladiert Kany Fodortsahe6HRC rostepylpoérre laog aftesHoal d 25
be set to be about 660C. The required tine is suitably set dependin% upon
the heat Lp@ctarReL@inehe :addis BB ubseliugnt ¢xgairimga corghtingnechedgr,
whet her the 16 treatment is effected being irradiated with a | aser beam.
Sui t abl y T} RPRY Eabddimehnedt treatment is conducted at 550 to 600C for 4 to
24 hours. When the laser treatnent follows, the heat treatnent is conducted
at 500 to 550C for 4 to 8 hours. The heat treatnent may be conducted in the
air or in a hydrogen atnosphere. 5 Preferably) however) the heat treatnent

i s conducted in NMDESORIPTRON DRAHRERE AR BDrBepRepEVENTS
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The Laser treatnent is effected by usinb, as a source of |ight, an exciner

Laser of a wavel ength of shorter than 400 nm or second harnonics

(wavel engt h of 532 nnm) to fourth harnonics (wavel ength of 266 nm of YAG or

YV04 | aser. The | aser 10 beamis focused into a |line or a spot through an

opti cal sb&mediammiMocﬂﬂ ojected with an energy density of 100 to 700

ml/cm; i.e.) the focused | aser beam scans the predeterm ned region of the

subst r at e t 0 "Ebie tartea tidmehgsradfe essé ingthactthé skl lilese nakbadabbefit usse)s

i nstead of the laser, a hal ogen Lanp, a xenon lanp, a nercury lanp or a

met al halihdehkaanpl- ‘é:gmang otgice obf 1IH lghstthe he Thewmanhani s mah doatpuneget he

crystalline sem conductor tilmhaving a highly oriented plane { 101 } of

t hi s i nvedlidoon whicloughiglile @boued strephe fiEdl Inbtctiyetplheen Atarriifricech hut is

estimated to be as described below. First, the crystallization is effected

by t he5 heapreser@tive et baidinot fooobBaGnghke elyyadlive: watiadndicendiin, n aacils with

silicon to forma silicide which serves as 20 crystalline nuclei that

cont ri buteemengis owiroduddaancs et afrfice B6an axarpheys sehecomicket filnsfaised as a

representative nmetal element, there is fornmed a nickel silicide

(her ei nafliyes plasntd €1VRsmbiiSdEPr aTlhey ptessetcuCd [DfmdNihSid=51 sistriyad gof of kuorite

in which a nickel atomis arranged between the silicon lattices of the

di anond dtyduicte s duoie nr bl oiidd ef silad @natoaneanice garweshi fimaros $harddrher e

remains the crystalline 25 structure of silicon. It has been known from

ext ensi vesgxpard amntadizarieaudft et hadrptues neakedndiconsfilh giad @ droswalighet he

si de of anorphous silicon presumably due to that 17 the decree of soled

(sol ut i®n semi¢dhelwoor giouss Sotrhedrby shbi hdwrreéhaerichby adlidihe Geysicadll i ne

silicon. Therefore, there~can be established a nodel in which nickel fornms

crystal | iehamshd.i con while migrating in the anmorphous silicon. Ni Si=is not

particularly oriented. When the anorphous sem conductor film5 has a

t hi ckness of 20tHeosubRGatenfor fenvevigthe chedlligt ek opdudich g, tieergrcawbenl y in

a direction in parallel with the surface of the substrate. In this case,

't he ener gyitislytised sumad kelsfreerzlisheubsnitae fsack anharduibe MNoSsiticaan@sssiar

.contact with the plane (111) of crystalline silicon. Therefore, the plane

i n par al [hakiun bbrédiicserdace Dipithidy, or ¥siBol dlass sibisten of id Wii7S 7aglpdsane

(110) and this lattice plane is preferentially oriented. Wien G LO the

di r ecti onubfurge @itPordhg €loysd aded. i'Bhdra cpartal fuethewiubdd 4 heasustilaeetobr the

substrate, and the crystals grow |like poles, there exists the degree of

f reedom isappliee sobatdtonaOrgdaneaatilanng filh thw pelferheé&kercelystatfagsohn axi s,

and the plane ( 110) is not necessarily oriented. It is therefore

consi der edmiidwatduetdresubsatatd o€ siicanegerimnipme galhivhat @. arkeniordedsetio agahance

the orientation of the lattice plane { 101 } of the crystalline 15

sem condycbaratki Im this invention has contrived nmeans for containing

ger mani um at a concentration of 0.1 to 10 atom c % as neans for inmposing
imtation onWhbe wierdeivicqiasfsubotradei orused, 4 hdogaheldvickef silicohahisridnd f or

(decrea3| ng the degree of freedom First) it has been observed that the

densiiy eflichar ratideonoofsilidors tidtlidaeoxide! & {@ndéchaaszes whenagerpanisum i s

contained in the anorphous silicon at a concentration of 0.1 to 10 atomc

% Fig. bmshoukictdrefilhesud the phey adiowher€hi frbecrienaptisinoflesieyss aichi ne

nucl ei decreases with an increase in the anount of GeH, ~ added at the tine

of form ng alidi aneilphen®nsd towaimdd Imhd ghss sdetmneasesn wWiffisiag ihdocihease in

the concentration of germaniumtrapped by the anorphous silicon film Wen

Ni Si, Z5 stiadoridsiceorcilyst Bbt éaenplecbdds N, hod Medireiused ss cansiodgred inhat t he

crystal s are nowi ng while expelling germani umdue to a difference in the

i nt er at onhe plliss1aa@V® method to form a silicon nitride tilm. Or, SiH,, N,O and NH; are

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

formed maintaining a thickness of 20 to 200 nm.
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1S Accordingly, germanium segregates on the outer side of the pole-tike
crystals and it is considered that its presence decreases the freedomin
the direction of rotation with the pole-like crystals as axes. As a result,
it becones possible to obtain a crystalline sem conductor film having a
hi ghl y ori eriledampbarieusis¢icorextor fdestfotred] belbusilstate by did plashbp
between the conditions of formation and the orientation of crystals
obser ved- bl mbherddBBRY metshodt USThogethed or gty bilne sseable ondbotiohichm f or med
accordiing-to the invention descri bed above. Table 1 shows the conditions
for formhaglishe &dPpmedsod empdidychereddtion gys vheild) asddseNponehhod. The
hi gh-frequency electric power is 0.35 Wcm (27 WHz) which 10 is nodul at ed
into a pedserdiscidoge, ofluaed eedr Silhgarfid é§uendyedfndOnkiidu¢dutryonbti o of
3099 and is fed to the cathode of the plasma CVD device of the flat plate
t ype.5 Ortwtiororimombaromd i deosmposddiden hichelaejucony pleessudschdre8df 250Pa, a
substrate tenperature of 300C and a di stance between el ectrodes of 35 mm
Tabl e 1206 2(0H4 tenle SENBAnSGNOEHISENSSNGEdhddawnr fdinmeds teboisubs@e95100GeH (H,
base 10% Flow rate[scan] 30 10 50RFpower[ Wcnr]0. 35 ~-F-Pul se
f r equeneyddeidr] ¢k mDuty MR pesbite [iRad RBZASTH strratecdremn Gebpnf€p300Ga
bet ween el ectrodes (GAP)[nmm 35 In order to change the content of gernmani um
rel ati vef Celsi [Hveonwhdrhehentowi prgss2ibe CMD aneahod iweerhployed,at emdfir Gakdogas
diluted into 10%with SiH- and H= is changed in a manner that the total
f1 ow r ates inay bonstdnPreftinbbyr; thdheacdodighs vrldudebeithbde and dradrherphoushe t 1 ow
rate of GeH, diluted into 10%with H, is changed to 30, 10 and 19 5 scan
undel0 t bemfdonohut arrrfilngis depdiitddosrs tHSENSGa reSENEM anan#SENE)0 Ttheg0®BiH4 has a
purity of not Lower than 99.9999% and GeH, contains nitrogen and
hydr ocalfhamycwapothedgas ascaninurtis inferdn ksattgeont hbnt 1s pighlyapdrifte] ton an
anmount of not larger than Z ppm No GeH4 is added under the condition #SN.
5 The t dieckaassheoforidaatanonp hbinspweryictanchis sach fis bxpgehatiticgedepobioted i s
set to be ~O0 nmfor all sanpl es.

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

(

amorphous semiconductor film that is deposited has a thickness in a range of from
15 20 to 100 nm.

The amorphous semiconductor film used in this invention contains silicon as
a main component and germanium in an amount of not smaller than 0.1 atomic %
but not larger than 10 atomic % (preferably, not smaller than 1 atomic % but not
( larger than 5 atomic %). The content of germanium can be adjusted relying upon
20 the mixing ratio of SiH, and GeH, used as typical reaction gases. The amorphous
semiconductor conrains nitrogen and carbon at concentrations of smaller than 5 x
10"%/cm’ and oxygen at a concentration of smaller than 1 x 1019/(:m|3 , 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  is formed will not be adversely affected.

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

i4




The contents of nitrogen, car'oon and oxygen contained in the anorphous
sem conductor filmfornmed under such conditions are neasured by the
secondary ionic nass spectronetric nmethod (SIMS). Fig. 13 shows the results
t hereof. .1 O Sanpl es used for the neasurenent have filnms |am nated on the

si licon suhstsle thn fidnderasefst HENE ry# B, BSEN B Oambigietusake iedndirese

filmformng conditions, the contents of nitrogen and carbon are smaller

than 5 x fliex;S¥¢iBe and &hﬁe@@ﬁ%&ﬂtm@ft RV rh&cab BRh@fs Eél@(ftea forhQrH cm .
The thus fornmed anorphous seniconductor filns are crystallized by using 15

ni ckel as(Fa)meickk] eNemenbal N ghudirenhgaRd)r ekbdmAt (Rh), K}éﬁﬁd&ma(ﬁm ) rogen
at mosphere for 4 hours and through the laser treatnent. N ckel was added by

using an (ﬁquaﬁu(SDQOirmmﬂn(moma@mmg%l)lI@dﬁﬁer@@a? ahé gald @ ©oNEient hatihpn of
10 ppm and by applying it using a spinner. The aser treatnment was

conducs edtidpedsl R@narbeXafkd ekgi ABfstiras ethe( Wapehlantidh obf 308 aMor H@iduUSt I ng
the irradiation energy density to be ™0 300 to 600 mJ/ cmv, and ag

over | appispghi¢@idi:cof Qi /2596 of ThE ihRselorsdeRlseatn tisis @ﬁefce&?c,ta%fémf omu,
crystallizing the uncrystallized portions of the film subjected to the

crystal | isaafel gadt m&fﬂfeth%ahe&t obtRA¢dERt uand £igr oheRstl fHenghsRf ecdigl i n the
crystalline partic Defects remaining in the crystalline sem conductor

film can dnanehisecty @Au,g, Rovdesr easedidysetine hydrogenation treatnent to
contai n hydrogen at a concentration. of about 0.01 to 1 atomic % The

hydr ogenat i orTle@poRfyrifih @k B’ hiMe ti@ah@efents drk @atrBBAte Bhap B tﬁ@wﬁ@&c in an

at nosphere contai ning hydrogen. It is also possible to effect the

1ydr ogenatHake Qytﬂégézﬂggfkycﬁls@%&(fr@um filvh, Rl 8 SIRB suFh@sidrldd fien@eabys the
deposition of a fluoride such as SiF~ or GeF~ permts fluorine to remain in

- the fil matsu@dabRNERRES Bhi OR Rirfale QR thb rdogitnk Ge it hARMPENEAL Enf @fe the
def ects.
former case, the place may be either the surface on the substrate side of the
amorphous semiconductor film or the surface on the side opposite to the substrate.
In the latter case, an insulating film is preferably formed on the amorphous
15 semiconductor film, and the metal 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 lengthwise direction may be
arbitrarily determined to be, say, from several tens of microns to several tens of

{" centmeters.

20 There is no particular limitation on the method of introducing these mertal
elements and any merhod can be employed provided ir forms a metal film on the
sutface 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 utilizes the metal

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

P
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5 Fig. 14 shows the results of evaluating the germani um concentration of
the thus crystallized #SGN 10 and #SGN30 by the SIMS. The content of
germaniumfor silicon is 3.5 atomic %irt #SG\N10 and is 11.0 atomc %in
#SAN30. \ X%hen calculated fromthe flowrate ratio of GeH4 relative to SiH

ger mani unlitg dkeRplst dpplhtihea Eblufbalofa idhl &8s h%ff}l §11'16Ee1§ 1§l§15y Blctfadng
silicon. This is because, GeH+ is 10 deconposed by the gl ow di scharge

requi ri ng (enedgyrseml bdorcbanatibe @NBE eeieduiegd for the SiH . It is
t herefore considered that #SGNS contai ns germani um at a concentratlon of

‘about 1.0 at omisGiHmEid salt Srhehowsn bheisé st Ss lrsMeasi.emBR Ofhede can
diffraction peak (220) of the same sanmpl e by the 0 - 28 method. The peak

posi tion ibg uddd 466 r dlcbinels sadathvele# SN oRBfy Athed bodific 6 saliPh £ii#SEN)

indicating a shift in the peak position due to the additi on of germani um

Det ai | 5 obf hlagerGmdsthal dlofgicaslvintd lamQh&OléHéis&ﬁubH% EBSRedmihod chEhge 17 is
a di agram of back pol es “of the sanpl e #SN, and 1 is a diagram of back

pol es of {hehsaean#aEMILR coﬁ{ é@e!ﬁﬁss@l%%eﬁfbu%% H%%@%ne ih u!h%ch
observed that the plane 20 is strongly oriented in the sample #SGN

10 shown parcRirgvhdle dfhé matﬁlampd@ @é‘n%limm § b bdsz)enﬁant *Wh@é}té%rhand
orientation is seen on the plane 10l and on a plane {311 } m dway

bet ween t hetRbapemM6led, tﬁ@%ettil%l@h@{@teis {ntiléd]urkd e dlﬁk%&%ﬂﬁ?tkﬁ:%h?face
further, Fig. 18 is a diagram of back poles of the crystalline silicon film

f or med Onoﬂlﬁ@@fzt}ﬁ:@ﬁ@{pﬂbgs%k@ﬁdﬂ@@rfﬂﬁeat ment at 600C for 20 hours. In
25 this case, it is observed that the plane { 111} has been strongly

orientigd. TablAgre? (BB ONEal a@nfe@lwlh%rda&m@a beRLRAne T BL LBSvOMekhd @l e . {001
Q, { 111 } and Z1 {311 } of the sanples in a range where the angles of

the lattigeoPpRA@SsehAcdRBuGHF fiBRSs @Ifysﬂanezealaymtﬂrzﬁwek hefAelerhfiD Thdegr ees
and in a range where the angles of the lattice planes to the surface of the

filmare pabudiiRf@Rh i BEB2A HABE RS BAGEH QN ofrfaﬁe %ﬁﬂﬁﬁ@ﬁ%cl@éﬁ‘fnu@%@s I'n
Table 2, #HS is the data corresponding to Fig. 18. In this 5 sanple, the

pl anes { 3lidht sirhths{laskt bedmatRriGbE YayQirig bR, ra} he He%%/%l(eﬁﬂheh%ﬂ@ris t han

10 degrees) and 12% ( not Iarger t han "10 degrees respectively. In'the

sanpl e #Sého{ﬁchﬁfd?|(}'E)@z%ﬁ1r{01911‘}cr§§tglh{rﬁjsil}cc§arfﬁnmv%lfﬂwls%ki%%rﬁgalh AxidrREd the
pl ane {311}, the nunber of the equivalent lattice planes is |larger than

that qf ofh@r} pPastesbly, dvicdher, shantRe kb abns ¥MPmRELE aW tthefiN8n intense

pol ycrystal | i ne substance ori ented in a random 10 fashion, the probability

of occur r gaigEsURGE8RRe Dokt BRASAGHNTHE laser treatment after the heat treatment
repairs and extinguishes crystal defects left in the crystalline particles, and is |
effective in improving the quality of the crystals that are formed.

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

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

substrate that is used can withstand. For example, a quartz substrate can withstand
the heat treatmentat 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 (e.¢., whether the
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Table 2 (% 15 Sanple {101} {001}{111}{311}10 ~ 105105105#SGN30 7 1
-8273195#SGN10 31 14 1031103#SGNS 20 6 1030123#SN 12 3 1072153#HS 4 1
103126184 I n the sanpl es #SGN30, #SGN10, #SGNS to which gernmaniumis added,
too, a tendency is exhibited, indicating a change in the orientation of

crystal s Zedepearndieffgcueddreitdarainedntithta Beerdicage! NS@kally, dait@icnethd n t he
film In the sanples #SGN 10 and #SGNS, what draws a particular attention

is that therlredarieerp ameddcidd ke }550s0s600500Ioy 40fd BRLRArS oNdarethaNatdt ot her
| attice planes. In the sanple #SGN 10, the orientation ratio is 31%wthin

t he sheariregnanglfellofs, tRe Hegreesnmandisiconli4decav@B00ib B (S(HegH@a8 urk.n the
sanple #SCGNS, the orientation ratio is 20% 25 within the shearing angl e of

10 degr e€Bhamdat srehvment hidy degoedscreus thveny ohigh hydrogdehtabighrEat i os
for the lattice plane { 101 } are not acconplished with other sanples to

whi ch gerlafdralily] Soweteradgeldeatlitearens anehne ¢ AN iR Ve ahies; dhe
content of germaniumin the filmincreases to 11 atomc % the orientation
rati o on dthesphamre {101} decreases. 5 Therefore, what these results nmean is
that there exists a suitable range for the concentration of gernmani um

cont ai ned i n Tielaspaphoussi kiteasd by dn:pts gabareicitichhankcanddhiqn ratio
of the plane { 101 }, and this range of concentration is fromO0.1 atomc %

to 10 at efiaow&cldih@hoasiissibdel ke s@IhagREYeEHd halnid@xd(phidldg A Jfisgh
orientation property on 10 the lattice plane {101} is obtained not only by

addi ng gemvani fanrdt hancareeqiraldr@nh b2 66 Aanes Yot Gk e, hsdro THR 1ateni ¢ %

but al so by suppressing the concentrati ons of oxygen) nitrogen and carbon

<|n t heo f iHemnd is fdirisedrad doer lidd @ sbox tl@udhamBoprRhbietcabhid isGRbRe AREh
nitrogen to be smaller than 5 x LO S/cm and oxygen to be snaller than 1 x

LO~9/ cnB,anastedyy deelsaetdfndXt he 700 1iAj/Ehf ckaeste ifdaded Fadean@nOfcad@ the 100 nm
so as to produce such a synergistic effect that the crystals grow
domi nant Ipyedgteantligdeeddiom df nhpasudkirgle W ERedite duUrhesssiio. t Deisshpgidat e.
allowable to use, instead of the laser, a halogen lamp, a xenon lamp, a mercury lamp
or a meral halide 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 yet been
clarified but is estimated to be as described below.

First, the crystallizadon is effected by the heat treatment at 400 to 500°C
( whereby the metal element reacts with silicon to form a silicide which serves as
20 crystalline nuclei that contribute to growing the crystals. For example, when nickel
is used as a representative metal element, there is formed a nickel silicide
. (hereinafter written as NiSi,). The structure of NiSi, is that of fluorite in which a
nickel atom is arranged between the silicon lattices of the diamond strucrure.
When the nickel atoms are removed from NiSi,, there remains the crystalline

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

nickel atoms migrate toward the side of amorphous silicon presumably due to that
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The crystalline sem conductor filmhaving a high orientation ratio on the
lattice plane { 10l } can be favorably used as the channel -form ng region
of TFTs and as the channel-form ng region for determ ning properties of the
el enents such 20 as photo-electric conversion Layer of photo-electronotive
devi ces. thiextegradesicsalitesblbabovini heaamenanpissilaforf abriglat ihag fETIn bjreusi ng
the crystalline silicon filmcontaining germanium Figs. 12A-12C are

di agr ams ciystalfite atlicog. t hhestfers théref abr be asiabhislofd & maldl nueritichmicka Fi g.
12A, a crystalline silicon film812 containing germaniumis formed on 25 a
subst r at do@iOcrykatiee tikeore mpsicahigramengsin ilwommbighmu8 idicormy he any one of
those fabricated through the steps of the follow ng Enbodinents 1 to 4. To
fabricate 23 NiSTRT st phaiclndt odeecds Wiehabetam@appredetecondedosiibe f or

el ement isolation and is divided into islands. Wien the substrate 8/0 is a
gl ass Ssulhst nahekrasbbiotkingOl ayerhddl et shitddiveds pheitiadswl gownmprlf inm 81 3 is
used as a gate-insulating filmin the TFTs and is 5 forned in a thickness
of 30 t odz@otiomin Fhmliehsuthathengrihid of @kJubstracesilhicbionasw, thé deergxisdeef i | m
formed fromSi H4 and NZO by the plasma CVD nethod or is a silicon nitride
oxi de 61lmufaesmesh flrcoimdEQS whe, tBe Nititdunsesamvodiaremtith theeplioe fekl)ove s
selected and is formed maintaining a thickness of 70 nm The insul ati ng

fil m 813 cmpyaltine fiticond Thyrefore thmoplade separdael winh Bndadiacenf the.critalfnet he
insulating film8I3 is formed a gate el ectrode 814 of an electrically
conduct i Bijicoatfdni ala o 4l H)rendorras bittipd plaalke ikpredseofialy) eremed. S¥heot ed
fromtantal um tungsten, titanium alum num and nol ybdenum Referring,

next , 10t o thé dired@@; of grownhiof cryegiloissn BhGllah eithahervdfierof thr nilngaspande and
(dr ain region of the-~TFT. The inpurity regions 816 are fornmed by the 15

i on- dopi niye regsomd grthdiket peled Fhetes eftst the deghanhékedypen dwr eianeml of the
Goup 15 of periodic table as represented by phosphorus or arsenic is
added. Wdhentibheviftcthd soleflidcheyqadsamnedis, aydehe aturel (¢ h8hts not nebes@ilgup 13

of periodic table as represented by boron is added. Thereafter, an

i nt er | ayetienash| ktis dgerbfdranc8afidesdf thnnredhdnylaaicsi plamemmay prdacgetatel m 20 or a
silicon nitride oxide filmrelying upon the plasma CVD nethod. The inpurity
el ement that Iherdetdednhuste e dieataticreaf thd latricd phirted 1900 6f flercrixealhige '
activated. The heat treatnment is effected after the interlayer-insulating
fil mBl7 sbascdrekitdidilme dhisonvelwaspahydicoiged neant &medhtainitdgreiahigon
nitride filmor in the silicon nitride oxide filmso as to be diffused in

t he crystahldmeesttionnffd.] m 802tbimat % entaihns (ZSngesimgrirnmatide cebpet o
conpensate defects in the crystalline silicon filmwth hydrogen.

Ther eaf t elirecsonraferandodrafi theepeletlilad esys8ilS aadefof atarsthsing dist dégree hg

freedom.
( : First, it has been observed that the density of formation of crystalline nuclei
20  decreases when germanium is contained in the amorphous silicon ata concentration
of 0.1 to 10 atomic %. TFig. 15 shows the results thereof wherein the density of
crystalline nuclei decreases with an increase in the amount of GeH, added ar 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 NiSi,
25 thatis 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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TFT. The channel -form ng region fornmed of the crystalline silicon film
containing germaniumand is highly oriented on the lattice p lane { 10l }
obtai ned by the invention, exhibits good interface properties to the
gate-insulating film contains 5 defects at a decreased density on the
crystal | i Aecgtaighy, beundaiieseargdaicpontdetdige sy batld psle falet d64@E, ar@Nd
exhibits an electric-field effect nobility. Though the TFT descri bed above
possessedt & cimgleeedirlaitntsyiresecicy e create (hie Tramynbe ferikd rbavifRgradion

| ow- concentration drain (LDD) structure or having a structure in which the
LDD i s oweithappemlotikbhaygaleiselact rade. rethle, TS ofieEs RAEsiBY: thebismvent i on
can be used 10 as TFTs for fabricating an active matrix liquid crystal

di spl ay deyitgikinandmitodhspbafndévicg,a hiptlesidittd fate flg@)i zing a thin film
integrated circuit that substitutes for the LSIs fabricated by using
converfti onal ISewm deswtitetidiclswhst relhesnsiibteediaentstodheohnvefdrimon | | be
described in further detail by way of Enbodi nents to 15 which only,

however , dnfdethierorgmichoon io$ cihystaloobseyvdd by tied EBEP :acthaidt @in®thcCaysBine

[ Enbodi nent 1] The nmethod of formng the crystalline sem conductor film
descr i bedemi¢dndefrier hadotmedagsorditd- iBhar @vthaonnesddiald dxgeut Bl he
crystallization by adding a netal elenent into the whole surface of the
anor phoushsik tlcocodditions éntfeimimgh2Angaphmos semitondssios filh B¢ the plasma
crystallization of silicon. Referring to Fig. 7A, first) the gl ass

subst r at € VDImeshddheThahiglefeqaendyadedyicthevdt i 733 Wlass (BUbETs)avkicaf

Coning Co. On the surface of the substrate 70l, there is fornmed, as a

bl ockiing i$ aydulate? in@ $ plilse dischiatdel ofen @xudend frequéycyusi ok Sk dugnduly: O by

(t he plasma CVD net hod nmai ntaining a thickness of 100 nm The bl ocking | ayer
70Z is f of 60th)smd bdtd ab Kad éadietialos (2bplaseataingditdof e Massesypstrate
wll not diffuse into the sem conductor filmforned thereon. The anorphous
silicon hiher B mont @miifgngefdage umeastibargregduly of 38.218 s sGWRr4et hod,
and is deposited on the substrate 701 by the gl owdi scharge 5 deconposition
whi | e i ntemgeeitog ohCEHhDaslidhhdd gdwicoh @1ckOsdak bR 3Sinkky. and H, into the
reaction chanber. The detailed conditions conply with Table 1. However, the
conditions enpl oyed here are those of #SGNS or #SGN 10 or intermedi ate
conditions thereof. The anorphous silicon film 703 containing germaniumis
formed méAiabla@ini ng a thickness of 50 nm In order to nmininmze the contents
of 10 inpurities such as oxygen, nitrogen and carbon in the

ger mani um cont ai ni ng anor phous silicon film 703, use is nade of the SiH4 "
gas having a purity of not |ower than 99.9999% and the GeH- gas having a
purithp of pbeml ower than 99:99% The $pesid | caNiONSCOSs |t e p] asma CVD

devi ce are|s#ichow hal The T eacl I[Opccananbed NasS g val uge [ofpd3|liters, a
conposi te hotrgH] Rke 9MoRT@n [enacgalt oo rate;of [309 T/ sgCc L5 is provided
in the firpkradwage, a dry punp |@f,&] evagyali on rgre—off 400 nj/ hr is

provi ded i hplife.g§060Nd stage, toppigventpthe vaporl af organit matters from
(r.everz@el y pplifusing from the sidgeQf thgpgexhaust gysteny andjto enhance the
degree of Yaeyp That can be Teaghgd | sghe; reactijon_chnanper] so that
inpurity el SieRlS Wl (r Pt e 1T ed{ T iyg he T mjas—mch_as| possi bl e while
form ng t hEGATRERANUS BN @AHUCE Ot 2P 135 Referring to_Frp. 7B, a nickel
acet at e solutrormcomtarTmmg T cker —at—a-concentratTomrof—t9—ppm cal cul at ed
on the basis of weight is applied by using a spinner to forma

ni ckel -containing |ayer 704, Here, in order to inprove conpatibility for
the sol uti on,kn f’ﬁ‘gers r‘ﬁ?@é?e&hetcﬁgt‘ﬁgr ¥ PBHP%W%‘%E&VH@Oaﬁr\f?%héﬂfsl%mgi l'i con
film,Z03 is tregated, i.e., very. thin,oxi filmis fo d usi.ng an :
ozon czgonf%til%?ﬁglea@‘h‘&%‘? %fo(lj‘gtfli*% ,dlg'ﬁﬂdf%ré) ﬂ%ﬁ(’d‘é‘tﬁféﬁ '1“%‘5 gﬁdﬁ%%@ﬁ a mxed
solution of 26 . _ . . .

a manner that the total flow rate is constant. Under the condirions described in

Table 1, the flow rate of GeH, diluted into 10% with H, is changed to 30, 10 and

8%




hydr of l uori ¢ acid and hydrogen peroxide water to forma cl ean surface,
followed by the treatnent with an aqueous sol ution containing ozone to form
a very thin oxide film The silicon surfaces are hydrophobic in itself and,
hence, form ng the oxide filmmakes it possible to uniformy apply the

ni ckel acétsat walertthefilmSoNexdy chditiohs ¢BOREBY, rs@aiiieahadssGNOEHEor one
hour to rel ease hydrogen contained in the gernanlun}contalnlng anor phous -

silicon f&ilM bihenutdercrydbakt kzat bomiogoefieicCer, Ryneandusthac the heat
treatment at 550C for 4 hours. Thus, there is formed a crystal [ine

sem condudy@fochitan Z@ﬁx;ﬁ%n&b@ﬂ\ﬁhnhcﬁhrﬁls%f & laFf@Nshahnn| @p@erantioCincease the
ratio of crystallization (ratio of crystalllne 10 conponents inthe whol e

vol une of ahlemb idf Mot dadet ehdarePdpin defeCled, ricaBIA DEdbncHcnenklinshakbine
particles, the |aser treatment is conducted, i.e., the crystalline

sem condugherchidknessisfahi Srﬂdrbﬁ@usaﬁeﬂﬂc@hcﬁlﬁtt@r fils etiartRePEROd iAR BXEL HBT

| aser beamis used having a wavel ength of 308 nmand oscillating at 30 Hz.
The | aser nhefyhallsabhgdesed through an optical systeminto 400 to 600 ml/cnr,
and the laser treatnent 15 is effected at an overlapping rate of 90 to 95@6

Thus, there ighelicziteed & Gexstal LiMensel 6oRPH@aibd h 184 shommoul Fi g.
7D. [Enbodlnent 2] Ger nani um can be added to the anor phous silicon film not

only by thenitehhoek@ffilidomined drdRr kit hncbidiehnd drdasasure@M,ahRisaghR]epent s
as represented by 20 SiH4 and GeH,, by the plasnma CVD net hod but also by a

met hod of i inigks dQeBBRIMETBYmEHfHd @BINIB) eCFicon 3N ARd (9 bRfedd BR=EePi NY
met hod (or is also called plasna-doping nethod) after the anorphous silicon

iI'mhas bgepldsesa@dhr the hdiuRinasiEhL¥RiIRINAtha&e Y ché st sh etgRtdiakd ¥
deconposed w th the same highfrequency electric power due to a difference

in the di sgRebAHN, FEENVS beErRer0. SUH25I @f‘ﬂde@ﬁlm»fohﬂerHo?uﬁﬁéﬁs Hal ess
the filmformng conditions are precisely controlled such as enpl oyi ng

pul se di sehaedts ofhilodshahdfarlget BRNHMShharied oisrfuﬁhen@mw PhHQUS 8t | i con
filmmaking it difficult to uni formy disperse Ger mani um Figs. 8A and 8B

- are di agrgimehlit hohliat itne t Reosteps of addi ng germani um by the ion
injection nmethod or the ion-doping nethod. In Fig. 8A, a blocking |ayer 702

is 5 formed opha tﬁhﬁ@nﬁe@%&ﬂcﬁc};ﬁo@Lelh{&ohaactsﬁrfﬁnﬁvs&@ec&y%ﬂt@d Eybeghsent |,
and an anorphous silicon fil 08 is formed thereon maintaining a thickness

of 501AM nicREMBNLUM:tONdeRER: RRERICthdhedesRARAShNG: GSHAT and rﬁfr@crél{‘l ect ed
into the anorphous silicon filmat an acceleration voltage of 30 to |00

keV. The amispherf fordokiOmhPihre85HEHY MR tfedth@it ONJc ePwhPadlQDy cu%o In the
ion injection nethod 10 or the ion-doping nethod, the anount of add|?|on of

ger mani Unan §q&ciuls 86kdubrC@iteh@lih e HicR¥l £k el hicBactMeadssef 8 gbh0th/i) t age
and the dosage. Upon injecting gernanlun1haV|ng a nass Iarger than that of

silicon, zfpp’hﬁnﬁ iy §diak ll pendC Bhe REESEBAdh S @RRRQUEy ShihbGeNXEC] m are
destroyed ing it pOSSIb|e to obtain an anor phous senlconductor film
@hl ch i s ¢amigef Y @Riveldndch of T EmY NeljGcnsd dlkelitrA@iarion energy density to be
20 300 to 600 mJ/cm’, and ar an overlapping ratio of 90 to 95%. The laser treatment
is effected for crystallizing the uncrystallized portions of the film subjected to the
crystallization through the heat trearment 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 concentrarion

of about 0.01 to | atomic %. The hydrogenation can be effected by the heat

20




15 semiconductor film Thus, there is formed an anorphous silicon film 710
to which germaniumis added as shown in Fig. 8B Thereafter, a nickel
acetate solution containing 10 ppmof nickel on the basis of weight is
applied by using a spinner to forma nickel containing |ayer 704. Then, the

ffected 2 0 obtain a crystalline
zgﬁczaggit%g iTm 77%9 tggﬁ gﬁg\%an ng&?s&) ei‘ba;rftéﬁlf%d?‘ﬁ%wgl 8%1 ﬁlﬁe%[éq Pﬁ%ﬁ%ei ng
of ., se ely m..
o te?rern?f ?Lﬁ%‘%&?é? D iosn Qe bF 1Ry ﬁoﬁ@ﬁﬁ?ﬁﬁ%mgg ?{%ﬁﬁﬂzé%r@@tgf y
720 nti gne ass suybstra
o The quatPdftncBi bRl ERIch 35 616 of ik thgn}ti Hirélae t‘h“f@taz%k“ | ayer
25 o5, U R be sar TR | Erted ment L arprphous i) on
fllgm7321 comal ol er 1] 3m %)} be t8trod y ?he i on-injecti met hod
Iop by '? Ierr::)on %Bp?%gsgrg}ggﬁg% e ti‘srsi) id’&lt r{#egerqxgn}%n SOQF‘SIH“&FCP%QEB}% to
of 455 +o Bo0 e kel P T PES R s S i e BBC s 58i e b Cimparmbiot 1 m
on t i,l'icon
(tim %E"L@ﬁ?%l?ﬁ*sﬁ%@é&tﬁéﬁ? it St ;Efeoalné“awmlﬁbﬁ.@%sg?%%md\e%ﬁ?nm on
t he met hwca?c?ul&&’d@r Lh% Si | |g0£1 oxt fn gslll_{ i cona OX|tr i
formed by, Tor exanple, cmod HyC FEePt Zet yrlagven i AT B HFD0D) U2pie
in the film at a ratio 3 to 4 times as large as silicon. This is because, GeH, is

10 decomposed by the glow discharge requiring energy smaller than the energy required

~

for the SiH,. It is therefore considered that #SGN5 conrains germanium at a
concentration of about 1.0 atomic %.

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

same sample by the O - 20 method. The peak position is 47.466 in the sample #SN

15 and 47.417 in che sample #SGN, indicating a shift in the peak position due to the

addirion of germanium.

Details of the crystalline azimuth are found by the EBSP method. Fig. 17 isa

diagram of back poles of the sample #SN, and Fig. | is a diagram of back poles of

E\ the sample #SGN10. From the diagrams of back poles, it is observed that the plane

‘7 20 {101} is strongly oriented in the sample #SGN10 shown in Fig. 1. In the sample

#SN shown in Fig. 17, on the other hand, orientation is seen on the plane {101}

and on a plane {311} midway between the plane {001} and the plane {111}. As

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 at 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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O= together and under the conditions of a reaction pressure of 40 Pa, a
substrate tenperature of 300 to 400C, discharging at a high frequency (
13.56 MHz) and an electric power density of 0.5 to 0.8 Wcnr. Next, an
opening portion 7Z3 is formed in the silicon oxide film72Z, and a 15

ni ckel ac 3&#3 of ghess3rpples ha sinsenghere chpprgles ofrthe keticoplanke tovdicghirfabasi s i s
appl i ed. Then, ? ni ckel -containing layer 724 is forned and cones in contact
wth the ggrfgﬁrﬁ nieomtalangaighanor pheass sidl iic onrahigé mie2d tha aopley of ke bot t om
of the op?ni ng portion 723. The crystallization is effected by the heat
treat ment [@t1CE H@msepahaserfate sobeZdmmresocC!frger thand Qe dhawsrtsse®og the at
570C for 14 hours. In this case, the crystallization takes place first at a
portion ofliagiemgitbapkaakessin Tebls 2 i e wi thh dati chraspokéingits Foy d8ght cin

cont act_ and, Ehen, spreads in a direction in parallel wth the surface of
the subst samele, theplangs {8 bt head diy} ard higblysiddreed ifei,| 1% 280t lareeonkii t ut ed
by a collectjon of rod-like or needle-like crystals, each crystal grow ng
in a partil€degreesbami # 2étnonlargenthendd drpreegs copeaalely InThesmaplef SNt he
‘silicon oxide film~7 Z 2 is renoved to obtain the crystalline silicon film
725. 29 | the pRsodr fnt aagd {Pé} reet dlighdly emmttedis etk faor chichiglane viStial| idzat i on
is remaining in the crystalline silicon filmformed accordi ng to nethods
descr i bed numiERBbdhaemtizalent bitdee phnex prlawsethamihbe vfisthet phmeafena ge:
concentration, the metal elenent is remaining at 5 a concentration in
excess of SEnEPemaY srnmeioughith tpolpotystalinenivbemnty ode s ted ibut eehdom

<— 10 fashion, the probability of occurrence increases correspondingly.

Table 2 (%)

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

10°]5° 110°]5° | 10°15° 1 10°| 5°

#OSON30 7 11181217 (31915

#SGNIO {31 ;14| 1 jO{ 3 |1]10}3

15 #SGN5S 20161 |0 3101213
#SN 123111017 1]2]15/3

#HS 4 (L1103 112]16118]| 4

(- In the samples #SGN30, #SGN10, #SGNS 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 #SGN5, what draws a particular attention is that the lattice
plane {101} is strongly oriented compared with other lattice planes. In the sample
#SGNI10, the orientation ratio is 31% within the shearing angle of 10 degrees and

is 14% even within 5 degrees. In the sample #SGN3, the orientation ratio is 20%

t~
L

within the shearing angle of 10 degrees and is 6% within 5 degrees. Such very high
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inthe film The silicon filmin such a state can be used as the
channel -form ng regi on of various sem conductor devices inclusive of-TFTs.
More preferably, however, it is desired to renove the netal el enment by
Bettering. This enbodinent deals with a Bettering nethod with reference to
Fi gs. | 0A aUen@gon meivisgor 1ba lagicsuplsne at 1€ 1F730rei sott heoghdshes utish raher of
Enbodinent 1 or Z, or is the quartz substrate of Enbodi nent 3. Wen the
gl ass substanples & whiddgemdplionkismgthdget. is formed |ike in Enbodi ment 1. A
crystalline silicon film731 may be forned by any one of the nethods of
Enbodi ment s 1 kothe.sampde FiSEoN 3 0xliates far] whas thef @mramskigagmisivhomnned film

mai ntai ning a thickness of 150 nmon the surface of the 15 crystalline
silicon filngreses tard awreisei nhe porritomnoy 38tio sorf drapdintherdiindsaethar t he
crystalline silicon filmis exposed. In the case of Enbodi nent 3, the
si i con’ oxil bereforemwing hiseswresiufts Bhepn SAtcarthbe pusts atiitildedangnthractst ep of
Fig. 9B and the subseguent step may be just transferred to the steps of
this Exanm@.cemtr@ﬁipnm%gsxphmium i@ntathdddn bye atherjitons siéipbm §liméstedaheidfoor m a
phosphor us- added region 20 735 having a concentration of 1 x 109 to 1 X

10- -/ cni . thefosionicagomentio ofahEipdanel O8] 1 hied Heatartgeedt olmdntisicef if éohed.li n a
nitrogen atnosphere at 550 to 800C for 5 to 24 hours, e.g., at 600C for 12
hours- Theriomihé redPamomss% o whi ch phosphorus is added works as a
Bettering site, and the catalytic element remaining in the crystallized
silicon fiIn17Eh£@aﬁuﬁbn@egnﬁgaﬂed@kﬁhﬂ&xhﬂﬂﬂpga&ﬁ@QDHSnamﬁEanpgh@@n735.
Then, referring to Fig. 10C, the silicon oxide filmr 32 for masking and
he 3010 rthgi dritizgSplagewHil@h} pisosptneb ne adiedyanddimgnovadabynetahiang, to
btain the crystalline silicon film 736 in which the concentration of the
netal el ef@mcengatonnnthengt ey fofm & st dDlatgmid Un bus aedreagee sdomni-o
smaller than 1 x 10" "/cnj. [Enbodinent 5] 5 This enbodi ment deals with a
met hod t haoneantrpaonavbpaidey, uitirbgereand oarbohenThESiland bhemhilderhay 1 x
decreasing defects in the crystalline particles or by lowering the |evel of
i nterface b /emeé predariahty, rgrifon and mictoget abl benemalltd dem i % mO8RdmEantiai ni ng
germani um shown in Fig. 11A may be the_one formed in Enbodi nent 3. Further
the cryst ayeer teiblej wonlldri thangDx KYntm’ nimbbyeelranng nharéijm bbidkhe sone a
subjected to

: 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 crystalline semiconductor film having a high orientation ratio on the
latrice plane {101} can be favorably used as the channel-forming region of TFTs
( and as the channel-forming region for determining properties of the elemenrs such
20 as photo-electric conversion layer of photo-electromotive Jdevices.

- 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. 12A, a crystalline silicon film 812 containing germanium is formed on
25 a substrate 810. Here, the crystalline silicon film 812 may be any one of those

fabricated through the steps of the following Embodiments 1 to 4. To fabricate

25




10 the Bettering described in Enbodiment 4. In this enbodi nent, however,
- the substrate nust have a heat resistance of at |east about 700 to | 000C
and) hence, the quartz substrate 80l is enployed. An insulating film803 on
the germani um containing crystalline silicon film802 is forned of a
mat eri al 1doht dhaswlstEite iceishesitde predarasniingd ssnpomdemenriplat®nexahyl e, a
silicon oxide filmor a silicon nitride oxide filmis forned by the plasm
CVD net heldvided it ifppgs.a Wi Kresdsofare§10nna giphesiistate, reebipekeing lingr
effected in.a state where the insulating film803 is forned in an
at nospheSd ldofitraied ng hal ogen (typically chlorine) and oxygen as shown in
FiB. 11B. In this enbodinment, the heat treatnent is effected at 950C for 20
30 minutes. The selatingdilvefpéiatsndeanagatseinselatgedn m ghe dhide okl rom 700
to 1 100C, and the treating time can be selected in a range of from 10
m nut &s ferng:dhisua shichnesstad 30re H¥ammt r Bhe insvdatinenfiloxd e isfd sihe@oaiwtleabout
20 nmis forned on the interface between the Gernmani um containin
cryst al | orelesfilny éamed frarsddlamad thé b5 thaplasatd Gy D nlevhed 3y iandiligon
Germani um containing crystalline silicon filmS05 is 31 formed having a
decr easegtifridicskidsElm forpad frgmel B@drmrdNggnd)n phis einbodimeyt, thetfameropari ty
el ements contained in the insulating film803 and in the
ger mani uftsshcatchimdjisdoysedimaimeinig pabivknesnof8inmn TheenstlepnofiloRildat i on
in a hal ogen at nosphere, form a conpound together w th hal ogen and can,
hence, béﬁWéﬁD&E@ﬁQIWnlmﬁdﬂgéééﬁmﬁwéHaé@angeﬁimﬁerface bet ween t he oxi de
film804 and the gernmani um containing crystalline silicon film 805 obtained
‘hrough t he Shovke proodusg filgr SAdss dodneed rrese thecltatle ISddedf dedlsitrcallnd i s
very favorabl e [ Enbodi nent 6] )

conducting material containing one or plural kinds of elements selected from

tantalum, tungsten, titanium, aluminum and molybdenum.
Referring, next, 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-channel type, an element 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 interlayer-insulating film 817 is formed by a silicon nitride film

N

20 or asilicon nitride oxide film relying upon the plasma CVD method. The impurity
element thar is added must be heat-treated at 350 o 500°C for being activated.
The heat trearment 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 conrains

25 germanium the}eby to compensate defects in the crystalline silicon film with

hydrogen. Thereafter, source and drain electrodes 818 are formed to obtain the

24




Thi s enbodi nent deals with a case of formng a CMOS-type TFT by 10

conbi ning an n-channel TFT 920 and a p-channel TFT 921 in a conplenentary
manner with reference to Figs. 19A-19E. In Fig. 19A a crystalline silicon
filmcontaining germaniumis formed on a substrate 901. The crystalline
silicon fi¥m containing germani um may be any one formed by the steps of
Enbodinents 1 to 4. A blocking layer 902 is fornmed when 15 the substrate
90l is a gl askhesdusimdtfermiTigeregiosfoaineilng the bivsoilifié bilr oo filiaidonrgnger mani um
is etched to a predeterm ned size for elenent isolation, and island-tike
seni condyetomanfayerrsl 80Bigihd 04 @t enf dremdticd pldrres € 10 his wihadinag Hyi tha 905 i s
utilized as a gate-insulating filmfor the TFT, and is forned maintaining a
t hi cknessnefn@o, taxabs povd Therface sroparsied at tlrggdte Hnsd06ng $iliR0 cansidd con
nitride oxide filmformed of SiH 4 and N=O or is a silicon nitride oxide
film for metaf aTECRcarmted],donbiyy thethel agsmllddrmet hodnddtkssaretrhadiemdret
selects the fornmer filmfornmed maintaining a thickness of 75 nm Furt her,
the firsterysuallibapangeles, lamletbinayarbdetwicadd bffethaohgtrhodhofiglciho@rFent 5.
On the first insulating film905 are forned gate el ectrodes 906, 907 of an
25 el ect resaibeyl dmvedyrisiassechasiogleattrago strad niceig ho & Dmayl her fakmkd hed sinof

el enents sel ected 32 fromtantal um tungsten, titanium alum num and

mol ybdenurtowRefeenimngonektirt @ [FDY stri&Bre phbsphgausutsird apetidhytheddOD

i on-dopi ng nethod to forman LDD region in the n-channel TFT 920. Phosphi ne
(PH3) t hatoveslagipbdbedhe gh@ dedirode. SPhavil F's Fhrnicsl ysdat inserdien dopbaigsedas. The
doping conditions will be 5 suitably determ ned. Here, however, the first
(i'--npurIiCt y a5 ddi lorfopGdrice rimgdini av tiva mhawix liduid semial disgisgtduvideayet L 938laand 904
wi | | have an average concentration of from1l x 10" to 1 x 10'9/cnB. At this
monent , teeicgadrel & BCTs tidesal 206 ankdn 607 imvepka tas cinaisik shagabnsurgifosylzor us
that is doped, and the inpurity region 908 is fornmed in a self aligned
manner . LSIs fabricated by using conventional semiconductor substrates.

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

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

[Embodiment 1]
( 5 The method of forming the crystalline semiconducror 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 containing
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 Sil, and N,O by the plasma CVD method maintaining

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

IR




10 Referring next to Fig. 19C, a mask 909 is forned by using a photoresist,
and is doped again with phosphorus by the ion-doping nethod. Due to this
dopi ng, the second inpurity regions 910 and 91 2 have an average phosphor us
concentration of fronn; ﬁ@éO‘ to_ﬁ X bp / cnB. Thus, fl%ﬁ npurity
ogi on OLPNFURRLN B HA whRresllecs i éFECQ@‘@bé@ﬂ s ereg. on,
and the Sﬁcond inpuriy region 15 910 serves as source and drain regions. In
t he p- chaRA®PTFT 921 as shown in Fig. 19D, a mask 913 is formed by using a
phot oresi st, .and the, sem gconduct | ayer 904 is doped . wt boron Di bor ane
(B=H6) dil ut G HOSFIBONS HECEYA R {0 FER PENINE GBI GS epierdy gasplaamgni r d
inpurity |on formed in the sem conductor ay 04 dded W th
boron i n ﬁ‘? 261 5 dgpaiteilpy the Iﬁiaa§ J[(_-He B‘pﬁiﬂ“ﬁ ischarge

concentr ion for. bei , ted fro , |nto{;he

hence)’ h%caﬁpa%roag}éﬂ@a é?r{q%sarr HE et B gofobong i Brg Ehg.
Thus, the third |npur|ty reg n 914 forned in the se r | ayer 904
serves ash EeAGH chatpbe e&‘?@‘lﬁﬂ@%&“&‘@ﬁ&ﬁﬁ@“’%%o%f R8N

interlayer-insylating f > is for il nitride fil mand 25
LS oRhe bR B Rl %ﬂf%ﬁ%él%9r§%§§& #é@ﬁ@ttﬁdatemm%r t he
inpurity el enments . that a added ,nus ated at 350 to QOC for
bei ng 33 CONdRIqnFathegeok Théﬁﬁea@omf&rnﬁéﬁq gﬁ@f% CERtaRIngr Sarp@nium is
interlaygg |nfulat|n flla%9%5 h%? Been formed to rel ease hydrogen

cont ai nedTHFEY HERIQSANEE R HUEFREe MBndD AFAChE0 SRIIRER trlilietCrOi“@‘?em(‘S)ﬂfde film
so as to_ be diffuse g in the sem conductoor %ayers 903 and 904 to execute the
(hydrol&enarrlpaﬁme% KEFRIAP PBYEENPEHEEE 2ndr CHREN d&f Hedt §eIMMRIHB-SORBIRIBENduct or
and in the inferface thﬁn%ﬁ FurH@g éf%ﬁgf drain el ectrodes 916 and
9l 7 are RBIHBRROYDS: %%fl é aRh JBR GAYBGiAgnE1D 0Bnahlewer 9 are
formed of  th nt i ng crystallln con fil hlghly
omented%ﬁ‘ipgﬂgﬁpgg P tBF ga Blaving SPERE aﬁﬁépwrbﬂ#ﬂg@$58érdﬁ Chave
good interface prop rel tothe 1 ate-insul ating f|In1 have a
decr ease&j‘?fé %torerérfgtrx %Sﬁlit&y[%ﬁ‘;/‘é"@‘aﬁﬁﬁ@“g(%&ii Hb bR AR B8 ndRE PRAt ho
crystalline particles, and make it pogilble to obtain a high field-effect
mobi | i ty Yo %9 ko ﬂlﬁ%fSa%maepeilepteo &CH Rf YsgaHOTg e XPHECTET in
mhlch the n-ch TFT. 920 and the p-chanpnel TFT 921 are conbined together
in alfs SoMsv tuart e FirnERAge, Thérh PEREhAR AN TRRCYPEOTh agteadd HDDVY dYiisn

f or med betme n th channel -form ng regﬁon and the drain region, an
preventspf(h‘é EEPNGFHAES [QPESENT ENG VI OAPTIINC BREICH T@RAEWIPEY The

- above type TFT ossible to forma |iqui crystal di spl ay

devi ce of!l Erfﬁff-'r@#)@h Wt SSé‘E“’cPrl %{ © eehinces tdﬁ%reee Hileﬁrnay

devi ce. It |s furtheﬁrg mable to ply the n 20 chanF TFT F

p- channefbatrepn by fqaghed i SreartiopEhE R ig thakisir sy ¢ wents pell 9t P ¢ her
possi ble to use the, transistor as for realizing a thin film

Cpnt egr at E@Peee uthe filen aymputh eupessip ity i R TR dFE Been

rod edﬁB% using the conventional sem conductor substrates. [Enbodiment 7]
I

ZS a enents used for the crystallization are remaining in the
crystalline silicon filmfor according to the net hods etplalned in
Erbod: ment's Refarag rqm iSenbdt rifkcldaentatavspiiietnEPREINEE PETkSY g2t he

netal elenent in_ a er different fronr%hat of Enbodi nent ;4. The net hod

consi st sCORCHERIGTHE 8" tocoRrRGRIC W eH thg tlﬁéohé\@eo s APREEE DY 5IRG Re
crystallized SI|I%OH filqgﬁgrned by a dlng(g net al elenent by using, as
a Bet t er PGPS 118, Tofn% éhitiehfdronsinmg vesn{&tni Algra Harddeado edieNE or a

sem conductor fil mto, whi rar elenent i s added., The thod will
now be d'é%‘ElPF‘Bgéltwﬁ?frfhr&éP @r‘i’c & ? theggrpRpiuRGOSL AN gAY ne

silicaon f s highly oriented on t i s obtained by any
one gg ﬁécﬁ%tnﬁﬂgl%ﬁ‘Fﬁﬁb@rﬁeﬁ%gmyt1519XKQ@ﬁ§ Hgﬁnﬁgﬁ%nawaH’Qéﬁﬁ denot es
a substrate having an insulatin urface,. and 2001 denotes an underlylng

i nsul at | ﬁ@n?z’i”l“ﬁ*b@&r‘#ﬁp%?( Huigh, arn%arem%ﬁ%mrme A “HE 3 ixedrOlgRPRe!F i | m
silicon nitride filmor silicon nitride oxide film(Si OxNy). Here, a glass
substrate is used, and the underlying |nsulat|ng film2001 is the one of a
two-| ayer structure of a |aninate of afirst silicon n|tr|de oxi de film of
a thickness of 50 to 100 nm forned




15 by using SiH4, NH3 and N, O as reaction gases and a second silicon
nitride oxide filmof a thickness of 100 to 150 nmforned by using SiH4 and
N=O as reaction gases. It is further desired to use a single |ayer of
silicon nitride filmas an underlying insulating film 200l. Use of the
silicon nintdrbflectic hoidesoid Inidregerhperefidectams tafdhogkleng sleyar, félhatedtyevent s
the alkali netal contained in the glass substrate fromdiffusing 20 into
the sen ciwdotrorent wirh ahatueddsisoheidrocoradidiag ezoneas fserhla sy thia ogidect of
enhancing the Bettering effect in a Bettering step that will be effected
| ater. AtfilttheThemdicoh sBefares imghydrbpkebic irndslfaadrhvecd, fé@niadgrdgicsnicof a
hi gh oxygen concentration. Therefore, very great effect is obtained in
usi ng t heilundekbyitgssibkulcatmnifgniliy lapplysthearit lad tacwiat b sélheoseni conduct or film
as the silicon nitride film It is further 25 allowable to use a | am nated
| ayer $truct UNexi, heahiehimber i ¢ffeond ni 600U faxdtehbid m anehstigdsbdencon
nitride filmare successively lamnated. O, there nay be used a 3p
t hr ee- | ayemtsinedctrunbe | gerbiinghmtdunchinisg shdipbons niliddrdéihaxi dendd, | e t he
second silicon nitride oxide filmand the silicon nitride filmare
- successi weyyalliamioaiseefedied by andaotnphbe besetrtgoneuciof 5O far i4shdige.med on
the underlying insulating filmby the plasma CVD nethod, |ow pressure
t her mal Misrebhdreds Grrrspli testaligndsammichaductbefilawed Byshiohe eriyist ALl i zati on
described in Enbodinment 1 to forma crystalline silicon film 2002
cont ai ni ng géfmani imnofdergo 23AYase | vhet hith efrbgeiaiieationt euamr @hauBingi | i con
filmcontaining germaniumis forned by the plasnma CVD net hod, the GeH4 gas
Ai 1 ut Bl icotgdtRuUrsint the Selible &0t of el flitn) addeedepnt defbbs ré@agihom ¢hanber,
‘deconposed by gl ow el ectric discharge 10 and is deposited on the underlying
i nsul at i mgystallime 2p6tticl@) the laserf aeauabnt he thutucedtaiivgdche crystalline
ger mani um cont ai ni ng anor phous silicon filmis fornmed a very thin oxide
film by uweinigraimcozdiier F0hisdiraingedguboussa Gebin 6. Ahe xemid el baahs then
removed by etching with a m xed solution of hydrofluoric acid and hydrogen
per oxi de isadedrhavind ammvalcticelanf 308 hac end Dhalatige ¥€3Y H-hiThopkaehdaid @ i s
formed again by the 15 treatnent with the ozone-contai ni ng aqueous
sol ut i onfocised elafcueh, arsomiick eystanahas €06 ad 600 81)/@onhal RheathsdOrppmal ni ckel
cal cul ated on the basis of weight is applied onto the whole surface thereof
by uslisng iseffpiatherart ovdrhgpely rdrobid@rmb kel dant didre pdhHaywed.a dexhllinkhe heat
treatnment is effected at 500C for one hour to rel ease hydrogen contained in
t he ger maamicondantai im0 AssphenFigidlb.con film 20 Then, the heat
treatment is conducted in an annealing furnace at 550C for 4 hours to
effect the crystallization. The crystallization my be effected by the
irradiation with an intense |light from

[Embodiment 2]

( Germanium can be added to the amorphous silicon film not only by the
method of forming the film by using gases containing elements as represented by

20 SiH, and Gell, 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:ency electric power due to a difference in the dissociation energy between SiH,

25 and GeH,. In this case, unless the film-forming conditions are precisely controlled
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a |lanmp source of light such as hal ogen | anp, netal halide | anp, xenon arc
| anp, carbon arc | anp, high-pressure sodiumlanp or a high-pressure nercury
lanp in 25 place of the heat treatnent using the annealing furnace. \Wen
the lanp source of light is used, the | anp source of light for heating is
mai nt ai nedchuphemmnyingr peise tdascherge, 24 @leeeon geamdnipn ef doabby, inf dre 110 to
150. seconds to heat the filmat 6S0 to 750C and, preferably, at 700C
Thus, t hearapmhsis giicon filsomakingnit déffecaitribnmilgemiadispense seonaystal | i zed to
obtain the crystalline silicon film 2002 containing germanium During the
gettering, 5 hEcké anéBbare diagiagnsilesicatiog hassgison a\ﬂfg@rg@zetlhenmnybedm
concentration is high. It is therefore desired that the oxygen
concent r dphanjerHon mee e manheamredapaigniadiock Y tfag. I8%e Idbtkioghaykr 72 2002 i s
set to be not larger than 5 x 10~5/cm. After the above crystallization,
furthet, formedogreglaseshsotg 761 emthe samaynenareroudunbrdidecr dased ami t h an
et chant contai ning hydrofluoric acid, such as diluted 10 hydrofluoric acid
or FPM (rameheus gilicon fdm M8 nofdromd dheacon matiydinigem gheclodssdef HAren. and
pure water). Wien the surface is etched with the etchant containing
hydr of | udpéignariue) idngr atsephtairted; by desompdsing Gy, taend tteeingaeréchdrerobghet he
irradiation with an intense light fromthe above | anp source of |ight.
After t herabigheus siisoalfilinzait doaccdlemativervoltage of BOmond)) ke i Tihadinated wi t h
an 15 intense light such as | aser beamor light froma | anp source of |ight
to furthe addisicovel grenasriywtiafonzAtli onl 0 Toeit 6. in Peamnnmjechienancdocl mer
| aser beam havi ng a wavel ength of not |onger than 400 nm or the second
ar noH} c orothet lim-doping mathohi ds amoune of Addidseraf @frtremitineisi caraditht i on
ith an intense |light such as the |aser beamor light fromthe | anp source
of |ight dostrdlleghyviomgralheg chy staldmzanivoltagend ke degipegaiiesh imcaingel enent
may be renoved or decreased with the etchant containing hydrofluoric acid.
O, the sgrhavemmhgving f nastlergd thyn the dfsiladinafinenrystalline nuclei present

in the amorphous silicon film are destroyed making it possible to obrain 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 to obtain a crystalline semiconductor film 707 as shown in Fig. 7D.

[Embodiment 3]

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

25  substrate or the quartz substrate. When the glass substrate is used, a blocking layer
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with an intense light fromthe | anp source of Light. Next, the Bettering is
effected to renove the netal elenents contained in the gernmani um cont ai ni ng
crystalline silicon film2002. First, a barrier layer 2003 is 25 formed on
the crystalline silicon filmcontaining germanium As the barrier |ayer
2003, t hef &oed wy hegageypppusr 45 Tkwhpdhnger hits the metal el enent
(chiefly nickel 37 int__is%gssy) to pass through to the Bettering site )
but whi ch doednR&tOREPRs filiepr filn oHilmprseinieg semiaedmi may he famep! bf treenovi ng
the Bettering si to.infiltrate therein, Here, there nay be used a

cheni cal @aa%ﬂ\?ﬁrﬁmww ot raeirbrir SirErRNGTameaWBe Brtradited tsi | i con
oxide film(SiOx). In this specification, the filmhaving such 5 properties
is parti ég}eé@wnkeéﬁéﬁrfé‘ﬁhpé AFDVpdeoas-dening nrihpdes in Enebivhmened. (layer 2003
may be_ very thin) and may be a spontaneously oxidized filmor nmay be an

oxi de i |a}h%@[}ﬂ?%ﬁat%@ﬂlgéﬁ@@ﬁhﬁi@fo‘@m@nwgv Hecompaxin@bi. blp aniltCeH, at
ultraviolet rays in an_atnpsphere containing oxygen. Next, a sem conductor
film 2004 {es HSRTHEY ngjp@ fi@ SQBr@ibéﬂhﬁé@"éﬂDTWOE @%}0 had as a Bettering
site in a subsequent treatnent of Bettering (Fig. 23B). The sem conduct or
film2004 is ﬁllf‘é%@ﬁélq@a\ﬂ%e B dddisfhousd sraincining aftbrokedshy IoRambasma CVD
met hod, | ow pressure thermal CVD nethod or, preferably, sputtering nethod.
The seni dBAGRPTINGUS| sicopdilmadZh eiteiies geonagom .o %bcugimthnm is no
preferably, 150 nm_ 1In the subsequent treatnent of Bettering, nickel tends
to 15 mi gleaielphiimimtiosgihaawthgd of Hpghingxihgenliconesiderfdm, she silicons
therefore desjred that.the sem conductor film 2004 contains oxygen (at a
concekt r&ﬂ&lw isfetmed e for rapmplex mugingy a igragnly! qertefsdicabt (TEQS) andwer
(Lhan 1 x 10'/cmli as nmeasured by the SIMS analysis) to inprove the Bettering
ef fi ci endyh WOpREHKS ansl yadarde qamdiganseoke Massivtupesiurd df EB Fontiaithitnagea rare
gas elenment at a concentration of 1 x | O/cm. 20 The nost preferred

met hod oftemperitue ¢h0siortEhadiscbareiig and bighdedvuehay (53.66 d8hlz) sndised as
the target by the sputtering nethod, and a rare gas is used as the
Sputteri SCHES PONEE Bt ®5 th&- & Ncner i ng met hod, the pressure is
decreased at the tine of forming the filmso that the rare gas is easily
trapped in tﬁ&%eﬁm@@ﬁammrtlpnﬁm FHpEnedh ke she silipos vixblcefilnp 724y andia

sem conductor filmcontaining the rare gas ZS el enment at a concentration of
1 x 10z virksl gcergre solption santapnweelthppm of niskdl on the weighulmsisdebppldgl.  The
rare gas._element is, one or plural _kinds of those selected fromHe, Ne, Ar,
Kr and Xédhegp@nnickebeonigningelayenél4 nefewied and edvecsaniconmdacrioh thil m

bei ng ‘accelerated in an electric field, it is allowed to forma Bettering
site whi BeMRYRNEHTEOAEYGINE Bt silérdrafilic &2 Hiost onlyi dwsbonongt tthem it
is desired to use the Ar gas 5 which is cheaply available. The treating
time for ORENEPAHEN e gas el enent may be as short as about one minute or
two mnutes, _enabling the rare gas el ement of a high concentration to be
‘added to theTb@rﬁrﬁ%ﬁ&@@v@m i ¢ffaptedrhe tlet bees treiendrirsugieputerasrs of PRONgl y
trmproved conpared with the Bettering usin hosphorus. In addition to the
rar e Z§as t‘él%e@t fort fhetce 2frabowes, fugt h"er57Q8§e roh‘g hgyurp| ulmalthociiendbe of

el enents selected fromH, H=, O O=, P and B. Upon addi ng plural Kkinds of

el enent s cryskeliBstonaakegplaed Bist at spesion; afebie pmoap kywsetlgiostlilo wid which
Thereafter, the Bettering is effected by the heat treatnent or by being

i rradi at 8kat tshbranghnteagetact ghd, theomsaredsnn eclirasgioofin| paghlie! w%g nhehe

o

Bettering is to be effected by the heat treatnment, the heat treatnent may
be execut@dgepighe substrate. The thus formed crystalline silicon film 725 is constituted

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 obtain the crystalline silicon film 725.
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15 nitrogen atnosphere at 450 to 800C for 1 to 24 hours, for exanple, at
500C for 4 hours. Further, when the Bettering is to be effected by the
irradiation with an intense light froma |anp source of light, the |anp
source of . li,ght for ?eating is maintained turned on for 120 to 300 seconds
and, preﬂgpg%F@Tﬂpbﬁ 180 seconds to conduct the heat treatnent at 650 to
750C. 20 Due.to the B ring,, pi ckel niq#ates,in the direction of arrows -

tte
(vertical diredtayt ‘?Ef?ﬂnﬁpbgb F e FEBATIREOREE BmanEiein Defmastrbinswed
from the germapj ump contai ni crystalli,ne silicon film200Z covered by the
barrier P§§QP'g%@g%ﬁpaﬁHEGEQ%E%H¥P§F#SRS s¢ithedyer Embefneds lage Peales.
Conpared to_the Betteriog%{}usi ng%phosghorus, he Beﬁ]t eri n% _by the addition
of a rar &PESE BhEARSiA 2Pery s OrrsRERyel, BSdBFFhEChIET &b be
effected at a high concentratjo . 1 x 1O tob x |O'/em, an
nence. erdbr ABUARERRE S osbpbhenp Kt boahudminharhs weif s b o rount

for executi he ystallization. .That is, upon increasing t anount of
ndi t1 on EhRdtEy diéuon B0 iR gueh gstater Gapdes Bred i 1%9@@%?1?@rfapgon can
be effected in further shortened é)e_rio_d f tinme. enthetirrfef%g
crystal | F$EPRo VaNAvt SEREGEHCI O Hetsalncdsitenf Hated YAraR ifatbbased

Crystal | P P EAIsadD RymORE (heoiralAIGREN: Y BETR Mihor eased amount for
8 L AL DL ARSI

5605 0hi dRCy s H9/ s i ksirian 007 Hresb SUBGTaSE of GEIpABNDL b ByoLEChi ng.
et et ChFREIISTAG R 4r REFEUT o WHER 106 S it sbr ey IR Qo ai i no
2 AN S (0D S A B9 1)
B R UL 2 S e
350 i GESKHAIS RSB SO RLRG. § GBS0t GRS . HH SEGRGoR FabT on of
M L i L LR I S G (2
bean 15 BBFIERREIEGOL hErRToRL. i IRG S0Pl KOBSHERe (e HOovary

shal | ow I o, detect the X-ray, fluorescence emtted by inpurities such
2s et al LB eieh b OV E‘)‘%R%‘Agicﬁgsbedé!fsé e 9n§ rPotfh @gﬁlﬁh%a@ 8¢5 nm
fromthe surface, and nmakes it further possible to efti te }he
* concent r 8¥7S6AUSRT ATk B1AYr RSravss; ﬁ@nsfﬁrr@%éocfjgﬁs%tapfr chehsi Fxemple i IThenthe 25
sensitivity of detectiqn is nearly LO/c¢cnr. In Fig. 24A, the ordinate
T epr esenPfé‘C’? feﬁﬁ@efﬁfﬁaéwitgﬁ igt-dapieanc ipao dai agho orusfaglded geAien wi t hout
~the ttering treatnent include a value of 5 x 10'r (arbitrary val ue).

Howe gr , ?E'i%ié‘aé’g}ﬁﬂ‘ égn%et}}}f@&rbﬁﬁ & Kohetosbxt)&F /el t reat nent exhi bit snal | er
val ues, fro ichit is Iggrned that the nickel concentration in the
crystalline SEMTEBEdRSTOR fig-mUS Hicpeas SgaHBsR tockheoad Bne-ttgradt h

through the 5 Betteri trea nt. n the Bettering treatnments conducted

at tenpePdPOHRbETHAL 550 S 000 ﬁaﬁlﬂfﬁé’r%&’ %géégﬁfcmlﬁeab?uw 9 be

| earned that the _}E ckel cancentration i(f | owered nore in the cas f 500C.
the region 735 to which phosphorus 15 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 FHg. 10C, the silicon oxide film 732 for masking and the
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The Germani um containing crystalline silicon filmobtained in this

enbodi nent is highly oriented on the plane [101) and contai ns netal

el enents at 10 concentrations that are sufficiently lowin the film and
makes it possiggﬁ to loper the off current in the TFT characteristics.

[ Enbodi metf€!d]  Théo vewcharmseherusdevilded afe tamevdadibe atdhome, camiizeirapp! i ed t o
the circuits bp substitute for the display devices and integrated circuits
of a vari@t§a el B ¢ 38 51 gbidhcds candenoagabsf ilteunetal okentene used in
conventi onal int?grat?d circuits. Such sem conductor devices include

port abl e @stsAcR e FivaElléragionds dronnedniéren soknalobiliae edpliten’. cel | phone,
etc.), video canera, still canera, personal conputer, TV and projector.
Their exanples are shown in Figs. 20A to 22D. Fi B. 20A shows a cell phone
whi ch co ris%f a display panel 2701, an 20 operation panel 2702 and a

connecti o fﬁ@?iﬁﬁﬁ“ 03, the display panel 270l including a display device

2704, a voice output(gnit 2705 and an antenna 2709. The operati on panel
2702 ihcl udes! bisembodmensyleabrosh aampdwdrtheoonr be dwareblyardized dowvdiece
input unit 2708, etc. This invention forns the display device 2704. Fi G
20B shows! B yprréeheldeadredame asinadnfents sedicarymilling payicddasair by dowk st dhy 25
devi ce 9102, %_voice i nput unit 91083, egeratiqn switches 9104, a battery
9105 and @Tﬂ(>dnﬁﬂ&Fﬁﬂétﬁﬁﬂﬂﬁgﬁbegﬁﬁﬁe nvgintllion sdawnb@nafl icedrdininizhe
di spl ay device 9102. Fig._ 20C shows a nobile conputer or a portabl e data
term nal SRECERIYTE seewatintlie-ekl hynay hraihe dwdyprezdin Emtodmeear InFur®202, a
pi cture ugjt 9203, operatjon
the crystalline silicon film 801 containing germanium may be the one subjected to
10 the gettering described in Embodiment 4. In this embodiment, however, the
substrate must have a heat resistance of ar least about 700 to 1000°C and, hence,
_the quartz substrate 801 is employed.
An insulating film 803 on the germanium-containing crystalline silicon film
802 is formed of a material 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 treaument 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 ro
1100°C, and the treating time can be selected in a range of from 10 minutes to 8
hours.
Due to the heat treatment, an oxide film 804 of abour 20 nm is formed on the

interface between the germanium-containing crystalline silicon film 802 and the

25 insulating fitm 803, and a germanium-containing crystalline silicon film 805 is
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swi tches 9204 and a di splay device 9205. The sem conductor device of this 5
i nvention can be applied to the display device 9205. Fig. ZOD shows a TV
receiver constituted by a nain body 9401, a speaker 9402, a display device
9403, ar ceiv%r unit 9404 and an anplifier unit 74u5. The invention can be
appl i ed tlormgd havipg aylegrupest tlhgkaess FilypupioE cbiawss angopaaishiariyotebolok
constituted by a main body 9501, display 10 devices 9503, a storage_nedi um
9504, opefHUTHH deieefecorg8usdaindttunirantasingafiles @63 ahl oh the gusedniuar-
di splaying data stored in a mni-disk (MD) or in a DVD and for displaying
data rece&OPEAyYL hestalingninbcomHdmi §0énini tine sty bé agydiiced it o thadogdinspl ay
devi ces 9503 and to the storage nedium 9504. Fig. 21A shows a personal
conput er BBISERETs Eunby campaiind soglrhoseith kalogdh ambgenilmpat, uniem@602, a
di spl ay devjce 9603 and a keyboard 9604. The invention can be applied to
the displiayhysscoss Daws. dig ingriaas bowescnihe grateddmdiOdcuidt the gonhanined
therein. Fig. 21B shows a player using a recording nediumrecording a
progr am (GeeFEniRg eaptatlifesilienn fin 885 wdcandil nhrovedi the)abowhipedressng,dnst i t ut ed
by a main body 20 970, a_ display device 9702, a speaker unit 9703, a
r ecor di ng leedinueiazallespldiensisy andonvemifeetrebled705. This device uses a DVD
(digital versatile disc) or a CD as a recording nmedium w th which the user
can enjoy appreciating nusic, novies) or playing ganes or intenmet. The
invention_can be applied to the display device 9702 and to vari ous
integratégﬂﬂ¥¥k®¢ﬂ§650ntained therein. 25 Fig. 21C shows a digital canera
constituted by a main body 9801, a display device 9802, an eyepiece unit
803, oper at i IgHs ssinbediswrgsdnlandtla picesauné fonming nUCMOS-tphoWh)l. bFhe
.nvention can be applied to the display device 9802 and to vari ous
i nt egh®at andiiping asnedrnaichdd Tt H&) enda p-channel TFT 921 in a complementary

manner with reference to Figs. 19A-19E.

In Fig. 19A, a crystalline silicon film containing germanium is 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 crystalline 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 TFT, 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 selects
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 selected
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‘Fig. 22A shows a front-type projector constituted by a projector 360l and a
screen 3602. The invention can be applied to the projector 360l and to

ot her signal S control circuits. Fig. 22B shows a rear-type projector
constituted by a main body 3701, a projector 3702, a mrror 3703 and a
screen 370am Thealumy sprgssRn.ciAnBEN appRiiadmt ond elyhdspector 3702 and ot her
signal control circuits. Fig. 22Cis a diagramillustrating structures of
the proj ect orfkefeBong ngt 702 198, 1hosplysrus 22dopmib 1228, ioThieppranedtade 3601,
3702 are constituted by an optical s¥stem 380l of a source of I|ight,
nirrors 3802amsBOR feriaeds thandtivhnel d T PLor P28e)ina (BH;5 mh:889@luadl i qui d
crystal display device 3808, a phase difference plate 3809 and a projection
optical d$p&t@rh 8820 witheMHhrivpast iothopepioglgasy Jtlenl@8ag chedicons tiitl kved by
an optical systeminclusive of a projection |ens. Though this enbodi nent
shows 915 saitaklysinstenioedt Hderehheweptatiae Yipws implreire ramyn B6S émplaled:ache one -
of the single plate type without being I[imted thereto. In the optical

pat hs i ndif ébg wanisgrdveendayiers $3pn willlhavgem avehageursecenmyticuit fatrhy

provi de an OBEi cal sglgte such as an optical lens, a filmhaving a

pol ari zi dgx dndeilon 10a/dml. mivf dhis adfjroen’, e ghe oitrasaled 90 enddd workars | R
film 20 Fig. 22D is _a diagramillustrating the structure of the optical
syst em 3@@askengtimst shosrdwros thatghtoped, Ringl thrA®purivy rédisn 8ABodfarert,int he
optical system 3801 of the source of light is constituted by a reflector
3811, a sceHcbigsedimgmeer3812, | ens arrays 3813) 3814, a pol ari zer/converter
el ement 3815 and a focusing lens 3816. The optical system of the source of
q-i ghtlGshown Befgiripg mep todignl YC.anmexkMPPds fembd sy nobg 2phosstesisuhadl y

imted thereto only. For exanple, the user may suitably provide the
optical sydanes again withsehaspboufs Hyi dptiomidopirenmeptad dDus ystiamdopio, ths an
optical l|lens, 43 a filmhaving a polarizing function, a filmfor

adj ust i ngeadnsl ipRgEyatgipes 8&1@@?139 13havRahiaverag ipboghharot coi@gtanied, oft he
invention can be further azgf)l i3ed as a display device to navigation systens
as wel | &omd xdPriget at B's/cmiashivay thedhsniespuniyoeginavdl lofensdandhs fi xed
t el ephones. Thus, the invention finds a very wi de range of applications and
can be apphicemdueter logari¥scofesprs obetEY) radonestt ihesdcabinepuridyirsgibnvent i on
makes it possible to obtain a crystalline sem conductor film by

heat -1t e21V ngrvanads spyiseaind drinngreaoteor phous semi conduct or fil m cont ai ni ng
silicon as a_nmain conponent and germani umin an anmount of not smaller than
10 0.1 atoni & %hdbrchavnel BF & ltalsahowo iatanmil 6 Dve prskOd B abboymed by usingl | er
than 1 atonmic but not larger than 5 atomc % while adding a netal elenent
t her et o, avtherterasisananed itea samiamdustiolayer PR it doped eviph hneor{ D[Bhothnks not
smal [ er than 20% the lattice plane { 101 } having an angle of not |arger
than 10 §edidediluiedinreddeaot>%ovithélsantetes die downgens. cAndiicct iorpuricym — an
orientation ratio of the lattice plane {001 } is not larger than 3% 15 the
lattice pigerRldbamediavhagemitoadytwrdiven84isadged vtithalpord0 idegreesmwi t h
-espect to the surface of the sem conductor film and an orientation ratio
of tRE | &tttocktipleapemuchias the phospdtorhac garenttiaivtsyy being ihatrtddfeomlchae { 111
} having an angle of not larger than 10 degrees with respect to the _surface
of the sBrivEeHochem-fivenad wecechasdhrbyvarage erectronobat kseat tsex 107
diffraction pattern nethod. By using the above crystalline sem conductor 20
film ittq3xaldowed. tihysorm dhivhampetivyfregionfyl 4 fegined infthastrhiconflint wor
transi stor. The TFTs using the crystalline sem conductor film having a
hi ghl y olaven?edi seraes pg sowcanaddraimirepicaamibbe psddimiet TFAb?1kat i ng acti ve
matrix liquid crystal display devices and EL di splay devices, and for
real i zi ng t hilheni pminietlegeairedlacingdim 811 & foubsd Ey atsdichomitiesfiohand ar e
produced by using the conventional sem conductor substrates.

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

g

impurity elements that are added must be heat-treated at 350 to 500°C for being
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44  VWHAT IS CLAIMED I'S: 1. A portable data term nal having a display

devi ce conprising: a glass substrate; a crystalline sem conductor film over
the gl ass substrate; at |east a channel formng region in a crystalline
sem conductor filmconprising silicon, wherein an orientation ratio of a

lattice phamentfd0Thebkat heamiotadfidcaal ﬁ@éﬂtﬁ@ﬂ%%%f ﬁlkulﬁhhg filRD15mAk! er
than 20% the lattice plane { 101 } having an angle of not Targer than 10

degrees wbedn faspelto tdde@edwdhaes eémtamsdcrryﬁ{@éllmn@nﬁ%@mg&dw ¥ chtlm an
orientation ratio of a lattice pI ane {001 } of the crystalline

semi condusitiosn hiidritei axidotilhabgsrothantaded trhehd ahiiteel R BPeyEAN0T phavi ng
an angle of not larger than 10 degrees with respect to a surface of the

crystal | i §@4 serixeomaudicoliydrblonansh, aRe bl aBt@hRhshat i@ Bf Rilat ti ¢8. p! ane
{ 111 } of the crystalline sem conductor filmis not |larger than 5% the

latticé pienmieotddddrandavichg iafrfRgliBe @bf.NBlrdher 38trdenan] ik SR eSS th
respect to a surface -of the crystalline sem conductor film wherein the

lattice pYbhiend 910k forf@lcd obiach thel TFT} are detected by an el ectron
backscatter diffraction pattern nethod; wherein the crystalline

'seni conduct or Chahneclorping ok A WARD 18 aANGBAKEALHOROYersaRldLr than
0.1 atom c % but not Iarger than 10 atonmic % 2. The portable data term nal

accor di ngcdrrailing wriscyhier el kit PEhicAb ehightyao k@il e he leﬁt&@@%@r 3.
The portable data termnal accor di ng to clairm1 wherein said portable data

term nal {80 Gidh dhonel-fdmihbegadidiaRle@odaifetREOhRMPer@GTOheEYn H’i’e C' ai m

1 wherein said portable data termnal is a el ectronic notebook. 5.

@ortaboe gatantidnmhpalinaCevdindetiRaglRuetel phgrein tihe C%F:)Yﬁhﬁlal&rﬂﬁa

em conductor filmconprises nitrogen and carbon each at a concentration

| ess t harb@ulal's Shneins, t}@r@wﬁéb{%%:ﬁha@s CARE aRfat lpagblﬂ)l@%é &Ha% 4 hieh
10'9/cnB. 6. The portable data term nal accor di ng to claiml, wherein the

crystall |fﬁ@dse¢ﬁ§tgﬁ{m3w1@@or filmconprises a netal elenent at a concentration
smal ler than 1 x 10"/cnB. 7. The portable data term nal according to claim

1, wherein tHEhﬁbeghtt@ﬂe'dﬁ@@e%ﬁé’ﬂscﬂﬁ‘ij@@(ﬂfmﬁkﬂrﬂ @M@S' t%zﬁé Wiﬁ%ﬁdﬁrﬁ@t a'
eI enent selected fromthe group consisting of Fe, ,

Ir, Pt, Guchagn&uTFa: 9IbeaRPihab)-ehted T}emzualar@%ﬁﬂﬁh&g t59etﬁla@'1ma1
wherein the crystalline sem conductor filmhas a thickness inh a range of 20

to 1005 nondpledherpgr hahher datia hathinhal 1Taccondi g 19 19hBi Al YHGILI N the
crystalline sem conductor filmconprises hydrogen or a hal ojen el enent.
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 integrated

circuir to substitute for the LSs that have heretofore been produced by using the

conventional semiconductor substrates.

[Embodiment 7]

25 Metal elements used for the crystallization are remaining in the crystalline
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10. The portable data term nal according to claim1, wherein the gl ass
substrate is an alkali-free glass substtate. 11. The portabl e data tenunal
according to claim1l, wherein the glass substrate is selected from an
al um na borosilicate glass and a barium borosilicate glass. 45 12. A
caner a haviliagndildi spieyl devirdiegoombrei sidgidsa xglzssd substbatimenas eryst.al | i ne
sem conductor filmover the glass substrate; at |east a channel formng
regi on i nThiceypdodimémelsdnicbaduethod dfirtkmosorhieshagl sichicooin awhereirn an
orientation ratio of a lattice plane {lI 01} of the crystalline sem conductor
filmis ndiffamat frem thanf 2o%hodiment 4t titeemptiankcdnsblofrehawimgdanmangd! e of
not larger than 10 degrees with respect to a surface of the crystalline
seni condueteonerft hynyhealmne arirentant drom ahé orvefalizadatlidorefilpt fvenddopdaddiaf t he
crystalline sem conductor filmis not larger than 3% the lattice plane
{001} PBavilngnranakelgirenobyneingl as geetehap i, degnaesdut toh filespechinice a
surface of the crystalline sem conductor filmand an orientation ratio of a
lattice praresf cldiedr af a shreiconystalrlfilnets etidodductregaf elemens inaddddar ger
than 5% the lattice plane { 111 } having an angle of not |arger than 10
degr ees wilthe mespecwilt now teutdbadleeivithhefaeyst al Figne? Fesdidéonduct or film
wherein the lattice plane { 101 }, {001 } and { 111 } are detected by an
el ect ron back§uoat, herrysiilineadlidoontiipatthesin isnkeighbdyriashed ennchehdase Y52 Hl ki ne
sem conductor filmconprises gernmaniumat a concentration not smaller than
0.1 at oni obgdited bnanylcaegdr the haachbds af dmlsoPmehsds 1 The. cRokta@ceondiahg t o
claim12: wherein the crystalline sem conductor film conprises nitrogen and
ar bori0eadfl0@tdeaocen aenthsatitco hal #gs ah hiasulatixng 10ir$ice mM3ndandd bxjegeresain a

oncentration less than 1 x 10'9/cnB. 14. The canera according to claim 12,
wher ei n t haderyistahdiilméng éim congusigr ad blsulaonpfilns eschoas@li@in ekidaditin, at a
concentration smaller than 1 x 10"/cm . 15. The canera according to claim
12, wher esilicohaicidedtlal bi sikcsemicdds duictedinf (SionbonpiHaesa ghsd wbstrag iget al
el enent selected fromthe group consisting of Fe, Co, Ni, Ru, Rh, Pd, OGs,
lr, Pt, Cusahdnduheldeilhmgdardndangtitar2dings tie: chaofm kdo-lnwhe saiuontrbef
crystalline sem conductor filmhas a thickness in a range of 20 to 100 nxn.
17. The cafmnmaaeobs dingiliconaligida d2de Wiharsfiarthidheeey ¢fSiladol i0Pesdoimenduct or
filmconprises hydrogen or a hal ogen el enent. 18. The canera according to
cl ai mi12, byheng Bitf, NHghad N.Substaaien iseamdh kabindfsileengliask eubsfihat e.

19. The canera according to claim 12, wherein the glass substrate is
sel ect ed &f amh@hnabuoli T bot $Ehhi fateddiassngBi-HaahdN Db ornesivhi cadse
gl ass.

[t 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

<’ | layer that prevents the alkali metal contained in the glass substrate from diffusing
20  into the semiconductor film that 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 getrering, nickel tends to move into a region of a high oxygen concentration.

Therefore, very great effect is obtained in using the underlying insulating film in

contact with the semiconductor film as the silicon nitride film. It is further

25 allowable to use a laminated layer structure in which the silicon nitride oxide film

and rhe silicon nitride film are successively laminated. Or, there may be used a
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20. A projector having a display device conprising: a glass substrate; a
crystalline sem conductor filmover the glass substrate; at |east a channel
forming region in a crystalline sem conductor film conprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline

sem conduieerlafdrl siicsuieah votivehlcBE fitfanicdB%iridieodias tlgec RREnd 5ikPdn }
having an angle of not larger than 10 degrees with respect to a surface of

t he cryshalddensidefiire apdust eflichhl M ridnfilph hanhrtbQR I @kingnfeda 1 attice plane
{00l } of the crystalline sem conductor filmis not larger than 3% the

lattice plan®d@Qin dmOBHRAG s@iicendherRfilingd fobatdeh chbanddd; 11@%91%@1@&1?4“ t h
respect to a surface of the crystalline sem conductor film and 4

ori ent at iR byaht @R 2ChaY hiGRo®) 18R sshid (er@fal ThEDGH YA T sBﬁtEeunﬂ
. sem conductor filmis not larger than 5% the lattice plane 111 }” having

an angl e pithH@! fdiRsaer b e c]rg’stgﬁﬁﬁﬁ&ﬁ Wist Abd RSP FHh b AnRen Ul fta%ngf t he
‘crystalline sem conductor film wherein the lattice plane { 101 }, {001 }

and { 11%rkcalife dhtestiad 02ahehechd sAnbaskscaid endiffraction pattern
met hod; wherein the crystalline sem conductor film conprises germanium at a

concentrati om RRts &fiBbd@kedthaRe Qudorphom Gil %/@)QLﬁl11f‘@$)11i3"f‘t’iiﬁeroetrﬂﬁﬂlﬁlrﬁ gtomc- -
% 21. The projector accor di ng to claim20: wherein the érystalline

seni condiahRid By dhd wRs C3ES riéhbagalk GBH, ¢ BdReaatth Bi%aviERBagNLAAL T On
|l ess than 5 x 10" $/cnB, and oxygen at a concentration | ess than 1 x

10" 9/ cnBH, 2intriRicBl Ph@he re AGERY CHRELdrOd & @h iR by WRSS Blebuid@is@iapt al | i ne
sem conducétor film conprises a nmetal elenent at a concentration smaller

(than g xaAQ% deghBiceddn (b %neémﬂﬁewulmm Q0 £.00%] @k TudQee YNEREH; t he
crystalline sem conductor filmconprises at |least a netal elenent selected

from t he BruRl &QRSINSNGRbi s atﬁ%rpﬂ\&us sftonRIm iPhrnf®ha ddry (Rin 08 @and Au.
24. The projector according to claim20, wherein the crystal I'ine

seni condfiih 8Y ulihk ah%%én@cbhtzﬁhﬁ%%aueau@somm Phe 344t Al QALBAredBved NE
projector according to claim20, wherein the crystalline sem conductor film

conpr i segy BM&@@@%OMM@PAO@&% @fﬁ%@ﬂuoﬁgaaﬁ%dmwrs&; crRGRRIWHhBg o
cl aim 20, V\/nereln the gl ass substrate is an al kali-free glass substrate.

27. The w%@ﬁtaoae%cmrmceg T0ch! 3l VArgQhidRIRI Alnk h§ [HIR&P 28MBShY @he 1S
sel ected fioman al um na borosilicate glass and a bari um borosilicate

gl asss 2&eatthéniiioh €6d MorRC&AHHiniEs AQueBsMuABn MIBE&iaes 3l e REIQLEGHOT 1S a
rear projector. 29. A portable dat A term nal having a display device
conpri si gdiridn FoASBnTPSO pRhEOT nickel calculated on the basis of weight is applied
onto the whole surface thereof by using a spinner to thereby form a nickel-
containing layer. Next, the heat treatment is effected at 500°C for one hour to
(_ | release hydrogen cpntained in the germanium-containing amorphous silicon film.
20 Then, the hear treatment is conducted in an annealing furnace at 550°C for 4 hours

to effect the crystallization.

The 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 n

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

licht is used, the lamp source of light for heating is maintained turned on tor 60 t
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a crystalline sem conductor filmover the glass substrate; at |east a
channel formng region in a crystalline sem conductor film conprising
silicon, wherein an orientation ratio of a lattice plane {101} of the
crystal l'ine sem conductor filmis not smaller than 5% the lattice plane {

- 101 } havittpeanndnghd poefendily Ifar HEG ca hahsesoddgrodesatwhe filn es@®tto T
surface of the crystalline sem conductor film an orientation ratio of a

| atti ce plmher¢eombly, vf700RE. crystal line semiconductor filmis not |arger
than 3% the-lattice plane {001 } having an angle of not |arger than 10
degrees with Fhespede tmompsunfséeofilmheroristalgkimenisenic ondudiod fd | m and
an orientation ratio of a lattice plane { 111 } of the crystalline

seni conduditem thielcnystallinotilican §en 2002nos&4ninp gednadrtiiwe Tplramechf edddrihghavi ng

. an angle .of not |arger than 10 degrees with respect to a surface of the
cryst ab | i mekelgrirdonuudgrare frich mregivarveheretthe okagdri cenqehaneiof it Bibhy ,1¢ {001 }
and { 111 } are detected by an el ectron backscatter diffraction pattern

net hod; wiherdore tiherack yisdmathd neysentoorcttoon in |the gerpahies-cgatamitigum at a
concentration not smaller than 0.1 atomc % but not larger than 10 atomc
% 47  30ystahieepdideabiilen dG02itser o bancadogeditng § @ I % m.29 wherein sai-d-
portable data termnal is a conputer. 31. The portable data term nal

accor di ng t o &ftai the2thomeergicallisaioh, parhab ke sataratet micrdleldnseras aelylbephone.
32. The portable data termi nal according to claim29 wherein said portable
dat a t er nemalved o1 deeleastd withanrotlehoakntd8inghel rpbadadied dath at i oiedal
according to claim?29: wherein the crystalline sem conductor filmconprises
ni t rofen hgndofberioacidas R (@isehsdntibatdf dydtehg ridwnd, hpdrdgéndpanBideand
oxygen at a concentration less than 1 x 10'9/cm. 34. The portable data

t er mi nal veoeondd gt vazkdi MW2@n wikenefane tihetchey stiah lthanetcdhent condiiatner film
conprises a netal elenent at a concentration smaller than 1 x 10"/cm . 35.
The port dhideoftiatiric d@dpiumeierai ¢codadirad to dlacleai vthe 205 favdiey dienirtadearonysidl | i ne
sem conductor filmconprises at |least a netal el enent selected fromthe
group cormiisténsg lightFeym €e abbve Rmp RhurcPdf ligs,. 1r, Pt, Cu and Au. 36. The
portable data termnal according to claim?29, wherein the crystalline

semi conduct orAfet rhéhakowe thischlbesisn| furahenbe fivh 20y the Qi w3h akhe
portable data term nal according to claim?29, wherein the crystalline

senm condustense flighmsoohprsilaes Hepdr ogéighorfraan haloge soetenefilight3@. fuftier
portable data term nal according to claim?29, wherein the glass substrate
is an al kmlprefa ée glysefizatibat fldtedasedbheathmap betaabdeidat his¢ebaninnhbviagcor di ng
to claim?29, wherein the glass substrate is selected froman al um na

bor osi | i cavevdbagd ahdoa ldxarer uhnhei0@sii, catthe gkassd 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 meral 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 layer

2003, there is formed a porous film which permirs the metal element (chiefly nickel
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40. A canera having a display device conprising: a glass substrate; a
crystalline sem conductor filmover the glass substrate; at |east a channel
forming region in a crystalline sem conductor film conprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline
sem condugatibis ¢dskned pasothrosh lcertht hatebiHy e drathich iRk 3o pin%@c]th}c havi ng
an angle of not larger than 5 degrees wWth respect to a surface of the

crystal | idiehis@Rbhereueldrin thé Mepasf r&hbeﬁ{o&hL QPrkAh Qt@lfo @il @4 el R EraRh ane
{00l } of the crystalline sem conduct or Im’is not larger than 3% the

lattice gHaretHL0indy havicdg @enaiagl eigé ﬁﬁﬁtforln@éx_g@)f t&h@&tﬁ@n@%ﬁﬂ?@ﬁm‘é‘ th
respect to a surface of the crystalline sem conductor filmand

ori ent at ivater ahd @ glicén batdel flen gEEng . {Inldlks IpRfficihenCivSHRh |h'aO§10 such.
seni conductor filmis not larger than 5% the lattice plane { 1f1 } having

an angl e bp&rdies iasgetulhfnelQrdeg 8% Wud Alok eFRAGE:, tRe Bafif186e 003t he
crystalline sem conductor film wherein the lattice plane { 101 }, {001 }

and { 11ingy & eergehachad by Bha ehaahhosudaskasal iah Wnldnact ondpather n
met hod; wherein the crystalline sem conductor film conprises gernmaniumat a

concent r aiidited®y geBdhatihot Bath<O.b} MOMadihbut widt J5eslett PRY 1%0 afit om c
% 41. The canera accor di ng to claim40: 48 wherein the crystalline

sen conduginok }idrlgr@bgejm{ﬂ@@sya@htrogen and carbon each at a concentration
less than 5 x 10' 8/ cnB, and oxygen at a concentration less than 1 x

10" 9/ cm . 42 Nchitea caiRichdae e ilhNB00PisTbahad 4R thyReffir Nafdh e 008 Y8 tiRlrk ne
sem conductor filmconprises a netal elenent at a concentration smalle

(t han 1D x a104 geewBingdSice Thea CAMPBERIMECAESinRcht Of GhabinmgOrimhessi.n tThe
crystalline sem conductor film conprises at |east a netal el enent sel ected

from t he sghaupdeens ki POOPTs dhe,orfethathg afRdmdBholdstr§&urd formBH by@eand Au.
44. The canera according to cl ai m 40, wherein t he crystalline sem conduct or

fil m has phashit CkMe e chdd dowdegusd dR@mbPCIA0 nithod Br, pTQf%rﬂﬂU%b@t@ﬁﬁQr di ng
to claim40, wherein the crystalline sem conductor film conprises hydrogen

or a hal agahoél eThatsenfibondit@ot HBI 20GE $AS 4 HcihesE lofisy &Qvow}%%{athe
gl ass substrate is an alkali-free glass substrate. 47. The canmera according

to clai mpddferabier Bl nihe Iﬁ'ﬁrﬁﬁs@d&@é&éxﬁt &ehtsméﬁl @f%&%ﬁr{cﬁrﬂlé‘l&laﬂgﬁﬂl hg
borosilicate glass and a bariumborosilicate glas$. 48. A projector having

a_di 9pl aynigeid eeroCORRibS hagingda QlASSxAMAIORE SiraBokr YSkahkidisreSanricgnduct or
filmover the gl ass- substrat e

that the semiconducror film 2004 contains oxygen (at a concentration of not lower
than 5 x 10"%/em’ and, preferably, not lower than I x 10%%/cm’ as measured by the
SIMS analysis) to improve the gettering efficiency. There is further formed a
(7 .' semiconductor film containing a rare gas efement at a concentration of 1 x 10%/em’.
20 The most preferred method of forming the semiconductor film is such that
eilicon is used as the target by the sputtering method, and a rare gas is used as the
sputtering gas. According ro the sputtering method, the pressure is decreased at the
time of forming the film so that the rare gas is easily trapped in the semiconductor
film. This makes it possible to form a semiconductor film containing the rare gas
25 element at a concentration of 1 x 10%t0 5 x 10”/cra® and, preferably, 1 x 107w 1

x 10" /cm’.
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at | east a channel formng region in a crystalline sem conductor film
conprising silicon, wherein an orientation ratio of a lattice plane {10l}
of the crystalline sem conductor filmis not smaller than 5% the lattice
plane { 101 } having an angle of not larger than S degrees with respect to

a surface of 1{}{%%8%3( 012&% hleﬂ?m%%%‘ %’H@'ﬁé?kﬂ{ds o'fh‘g}be%@legt;ed%rﬁtﬂgmé alo of a

lattice plane cr st I"I ne sem conduct or Aot I arger

than 3% g hﬁ]d Bt | oH' Riice: QO&le 0 ?‘{pﬁ%o?“n?d‘%ﬁ sé?ﬁchRHu&%Egﬁﬁq koap 10

degrees w't respe urface o cryst i né sem conductor film and

an ori enta@% JI%};&?E{ Qn%igc%n% %EH cfte pdl %q%f}étogfégm} QIEELJTH% Q{Ly\'%fl k&rﬁﬁ mhaVI ng

sem condu mi1's not argér “Han et cep 1 ane

an angl e ;of .m0t béﬁ({s iE;IE'ﬁ‘.,IfL %Qtoqmgﬁ?eﬁﬁ&%%qeﬁf F?r.egtde& SERLS 3\% gg@} oIaft he

crystal |l ine®sém con erel 'tice p ane 001 }

and { 113} el ggﬁyc&mae A ELERLRE R RAEK SRS LT FRTILAm PR er

nmet ho wherern t crystalTine sem con or Tses germanium at a

concent gL ,00, 401, Bl 8 hﬂﬁﬁ'te ot T 20 HbIAR A 988 LDAR,FAr 3t om ©

% 49. The ro ec or accor to cl €rysta

sem CO”d% %é@&%@rﬂo m&eﬁo%’}h@”&rﬁ%}?@ﬂctﬁﬁ‘:ﬂn t ?h%%@&%”%@“ on

| ess than en at a conceéentration |ess

10" 9/cm .y, h;ﬂfls%'ﬁqh%%f S&%%&‘i dp, 4 't%%%ue}‘mg n% a;% foystal line
sem conduc a nmeta emen conEen smal | er
than 1 x 10" Mﬁhdm%%c I?.Eesz%‘?tl@ﬁxeﬁ‘?%ﬂ&%'rﬂgy BQﬁﬁltﬁér'H ecKr Iﬂratlhe
crystalline sem conduct or ™M conprises at least a neta sel ected

1 h d A
a0 D R R SRl bR P m%%ﬂoﬂcﬁlﬁ I %2” -

sem CO”dB‘FEI‘B{n $%Q%§rt%pﬁaij'e‘?ﬂ§§?ﬁ§9ncéln§d né?xfcus%g vf% 100 nm 53. The

proj ect or accor t°0 C erern cr)?’st all1’ne sem conductor film
h hal I 4 t

clam 48, m%éihé?eﬁﬂm B 22D B TR B el RS ta@i“b@ BelEae.

55. The Bt okeclOLifAG 59'& o Jo%& E‘Iaﬂﬁ‘) 088l lohgev@lﬁé}? e]fTI b s

sel ect ed f(rom an a Um na rgg rosi FI ca ass an ari um OI’T)SI

gl ,%ESB N bAﬁif%‘%%l ﬁ&%ﬁk&%&%‘%ﬁe% 5&@' Ré‘ftA ea(%‘\er{% 1_)&? %Eérﬁ.‘cﬁ‘te)& Ac, . Av;
77( v %@8%@%&551’&% Cceeeseee %@ﬁU@%£‘ hgﬁs?g’% %@%Mg% g 5

4 hours. Further, when the gettering is to be effected by the irradiation with an

o

intense light from a lamp source of light, the lamp source of light for heating is
maintained turned on for 120 to 300 seconds and, preferably, for 180 seconds to
conduct the heat treatment at 650 to 750°C.

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

15 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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estimate the concentration of nickel remaining in the crystalline silicon film. The

o

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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** DR+ GHHH "‘j}}{eg\ Farmarti ()'/ﬁbr(t)amn]ig crystalline silicon film obrained in  this

embodiment is highly oriented on the plane {101] and contains metal elements at
( 10 concentrations that are sufficiently low in the film, and makes it possible to lower

the off current in the TFT characteristics.

- [Embodiment 8]
The semiconductor device of this invention can be applied to the circuits to
substitute for the display devices and 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.

S

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 barrery 9105 and
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e 10 devices 9503, a storage medium 9504, operation switches 9505 and an antenna
95006, which is used for displaying data stored in a mini-disk (MD) or in a DVD and
for displaying data received by the antenna. The invention can be applied to the
display devices 9503 and to the storage medium 9504.
Fig. 21A shows a personal computer constituted by a main body 9601, an
15 - image input unit 9602, a display device 9603 and a kevboard 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
( (hereinafter referred to as recording medium), which is constituted by a main body
20 9701, a display device 9702, a speaker unit 9703, a recording medium 9704 and
operation switches 9705. This device uses a DVD (digital versatile disc) or a CD
as a recording medium, with which the user can enjoy appreciating music, movies,
or playing games or intermnet. The invention can be applied to the display device
9702 and to various integrated circuits contained therein.
25 Fig. 21C shows a digital camera constituted by a main body 9801, a display

device 9802, an eyepiece unit 9803, operation switches 9804 and a picture unit (not
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Fig. 22C is a diagram illustrating structures of the projectors 3601 and 3702 in

4 10 Figs. 22A and 22B. The projectors 3601, 3702 are constituted by an optical system
3801 of a source of light, mirrors 3802, 3804 to 3806, a dichroic mirror 3803, a

prism 3807, a liquid crystal display device 3808, a phase difference plate 3809 and

a projection optical system 3810. The projection optical system 3810 is constituted

by an optical system inclusive of a projection lens. Though this embodiment shows

15 an example of the three-plate type, there may be employed the one of the single-

plate type without being limited thereto. In the optical 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 funcrion, a film for adjusting the phase

difference or an IR film.

N

20 Fig. 22D is a diagram illustrating the structure of the optical system 3801 of the
source of light in Fig. 22C. In this embodiment, the optical 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 partcularly limited thereto only. For example, the user mav suirably provide the

optical system of the source of light with an optical system such as an oprical lens,
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applied to a variety of products.

As described above, this invention makes it possible to obfain a crystalline
semiconductor film by heat-treating and crystallizing an amorphous semiconductor film
containing silicon as a main component and germanium in an amount of not smalller than

10 01 atomic % but not larger than 10 atomic % (preferably, not smaller than 1 atomic %
but not larger than 5 atomic %) while adding a metal élément thereto, wherein an
orientation ratio of the lattice plane {101} is not smaller than 20%, the lattice plane {101}
having an angle of not larger than 10 degrees with respect to the surface of the
semiconductor film, an orientation ratio of the lattice plﬁne {001} is not larger than 3%,

15 the lattice plane {001} having an angle of not larger than 10 degrees with respect to the
surface of the semiconductor film, and an orientation ratio of the lattice plane {111} is
not larger than 5%, the lattice plane {111} having an angle of not larger than 10 degrees
with respect to the surface of the semiconductor film as detected by the electron
backscatter diffraction pattern method. By using the above crystalline semiconductor

- 20 film, it is allowed to form a channel-forming region of a thin film transistor.

The TFTs using the crystalline semiconductor film having a highly oriented lattice
plane {101} can be used for fabricating active matrix liquid crystal display devices and
EL display devices, and for realizing thin film integrated circuits to substitute for LSIs

that are produced by using the conventional semiconductor substrates.

44




10 10 10, 9109%& ()- V6! 10%& () - =l 4#10%&' () -

p, | 109%& ()-'}"aBnbCOF10109& ()-!109& ()- ! 109& ()- #109%& ()-

| 109 () -! 6#10%~& () -

AFi T COCOS(10%&' () - VS(10%&' () - VS( 10%&' () - VS( 10%&' () - Vc) 10%&' () - $10%&' () -
&10%&' () - eAOCOS( 10%#3r ( &$( 10%&' () - VE( 10%&' () - VS( 1098 () - VS( 10%&' () - VH3r ( &dJ
+CH( 109 () - VS( 109 () - VH3r ( &$( 109%& () - VS( 109%& () - VS( 109%& () - V$( 109%& () - VeF

, C3( 10%&iyy) s VB AOURIHD 1&vS( 10%& () - VB( 109& () - V#3r (&$( 10%& () - VS( 10%& () -V
l'eA, C5( 1 U‘%&‘W_(_K%W&*() VS( 1098 () - VB( 1098 () - VB( 10%&' () - V( #3r (& */ 456Ke

Vr weF, C$( 100&, " ﬁ( %}Ie rtér@%o&@{% (g)(a){?@&%g‘/%l&g?&}%& 3;{?1(()?)/&\/% 1?/;{?1(()?)/&\/;( )P T\l;
wz{|}iH, C5( 10%& #. 6 %

cipeines () iguﬁg el g}%&&m@ iy %;ﬁ%ﬁ 0
21(1500/&)/2?4&23(:;‘10011 I ? gi - ttlc¢ e ('1}1ga %%%e% r% ,
gd}gg@/ﬁﬁ ( g-'g Tat Oél C gt%hl%% cgo)r'ﬁﬁnls

cal 1008 %%fg@;%ﬁj; ,‘ rﬂ %fs%

co! 100l i Pr r;sasﬁ % it

#10% & %ég Fﬁt PR : _:7 %@Vg;g ¢ u’%]t%g ‘{?} o /ipg & ()-2
cV %109 § . e..: ..:- U ])‘} g{)](_)é @ﬁ}%réaeé%%s&) g gé%on backscatter

c3i ! 10%3?%4% .

g4|C1 é%# hereﬁzlﬂt ; .‘. @ﬁ gl}ncl} dgé K%?)ﬁ‘?inpﬁs&%@t@%ﬁr& Qt a cgrfc]egt@f%fg‘mgt) =b

(/i) #10%3b§“£ézgh‘?:9 aghnog ﬁOTiS% fobue () - gl0%4#& () - gl0%H#E () - g10
A O gl,ip ?g%%we BT s R S BT  Foomne: ()

-/ K &9sS Yb#& ()-gl0%#& ()-glO%#& () - glo%#& () -/ K

igg ig%ﬁ& HE ) iﬁbﬁ%@%}gf%é%%%%@ég %P% C—lig%lg %%;r%%a id. ;{értable data terminal is a
&9g 10%0#% %ho 10%#& () - gL0%#& () - O3+4glO%0#& ()-1K

iggi%ﬁ& o 9;@@% SRty B Y s

&9910%# () - gL0%#e&: () - glO%)#& () gL0%#8 () - gLO%H#&! () -
:; & = ! _rl (

)Lfi?%/;é’()y’ Eree
j 1 109DHE; 3% 2 E3 0o
10%3#& (f‘gn)ci’“ m 455% -

i [ v/ :.,v:_:_ & ( 3010%)#&() | p#lO%)#& ()-
ibote . G i %@e@éﬁ‘%@mﬁ i

6#10% e”ha%ii‘d 25 () 101010 59I 10%& ()-Z 96! 109D#& () -

,F;ﬁé%g#fc () xglfg% \{eéf{t torel %?f%; rfg;ll&lofy&: &C & Ea) t gi%g;ge/ﬁ&(%)t
. g@éﬁ@% el D C

By %%%% S i &ﬁ N

#10%#c& () - 2y UL B&8& ()5 StA0% 101010 q3910%& ()-=

i | 01 109A/#VE: (%V}leﬂeg LA é’p %Etf g %_\clmé%d)a}g‘%&é %)1‘52%to 100 nm.

Ccl "#10% & &

£10% 8 € (- 5o e O e A2 {£10%

wherein the crystalline semiconductor film comprises hydrogen or a halogen element.

II
o)

10. The portable data terminal according to claim 1, wherein the glass substrate is an
alkali-free glass substrate.

11. The portable data terminal according to claim 1, wherein the glass substrate is
selected from an alumina borosilicate glass and a barium borosilicate glass.
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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 a crystalline semiconductor film comprising silicon,

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

an orientation ratio ofa lattice plane {001} of the crystalline semiconductor film is
not larger than 3%, the lattice plane {001} having an angle of not larger than 10 degrees with
respect to a surface of the crystalline semiconductor film and
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diffraction pattern method;
wherein the crystalline semiconductor film comprises germanium at a concentration not
smaller than 0.1 atomic % but not larger than 10 atomic %.

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"/em’.

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 Au.

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 element.

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.

29, A portable data terminal having a display device comprising:

a glass subsfrate;

a crystalline semiconductor film over the glass substrate;

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

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

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

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

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

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

at least a channel forming region in a crystalline semiconductor film comprising silicon,
wherein an orientation ratio of a lattice plane {101} of the crystalline
semiconductor film is not smaller than 5%, the lattice plane {101} having an angle of not larger
than 5 degrees with respect to a surface of the crystalline semiconductor film,

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

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

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

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

41. The camera according to claim 40:
48
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46. The camera according to claim 40, wherem the glass substrate is an alkali-free glass
substrate,

47. The camera according to claim 40, wherein the glass substrate is selected from an
alumina borosilicate glass and a barium borosilicate glass.

48. 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 a crystalline semiconductor film comprising silicon,

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

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

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

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

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

49. The projector according to claim 48;
wherein the crystalline semiconductor film comprises nitrogen and carbon each at a
concentration less than 5 x 10"%/cny’, and oxygen at a concentration less than 1 x 10*°/cm’.

50. The projector according to claim 48,
wherein the crystalline semiconductor film comprises a metal element at a concentration
smaller than 1 x 10"/cm’.

51. The projector according to claim 48,
wherein the crystalline semiconductor film comprises at least a metal element selected
from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au.
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substrate.

55. The projector according to claim 48, wherein the glass substrate is selected from an
alumina borosilicate glass and a barium borosilicate glass.
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