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WD 2004/ 030071 PCT/ EP2003/ 012395 1 Methods for
producing silicon nitride filnms and silicon oxynitride
wo déaam3day1 t hermal chenical vapor deposition BRCRgrmosd12395
of the invention 5 Field of the Invention This
invention relates to nmethods for producing silicon
nitride filnms and silicon oxynitride filns. Mre
particularly, this invention relates to nethods for
0 [ fil and S|I|con
produ0|n S|I|an nltr”(je'I ?B‘ o %5 dwy thermal

chenﬁ&l(vbb@r’d@dos%@ Descrl ption of t he Pr i or Art Silicon
nitride filTns have excellent barrier properties and an

excel | ent oxidation resistance and as a consequence

are used in the fagpieabiQoPheSfBrigRduUct or devi ces,
15 for exanple, as T[‘c‘l'\_srvp—@iyefr‘ barrier |ayer,
or gate dielectric layer, and in oxide/nitride

: .asma- enhanced CVD (PECVD) and | ow pressure
F'e'déﬁ’/gﬂ((?‘% are the nmethods primarily used at the

pTaie myvehiiore relete‘so’tomrmitl’nddsolbr mrédudiieg Sllicos .nitABEMIIssand silicon

i cal arried.out by, jntroducin SI| our ce
o ifag BT recLisny. i VAo, deiteso e cBsthods for Producing
silicoftnipideafiime andwilican dxynithds ¢|Irﬁ§Qﬁrnﬂ1|eVmﬁl EROGRA) vapor deposition .

a pair of parallel plate el ectrodes and
(thef@aw@fﬂg hi gh-frequency energy across the el ectrodes
at |low tenperatures (about 300C) and |ow pressures (1

morr to 1 torl_?1 in order to induce the generation of
DescgplipruafiRerfrighArhe silicon source and nitrogen source.

TRQicBRtAiRe @'n%' KRR é&%ﬂéﬁfbé\ﬁgr ?F@e}‘ﬁes{‘?h& ﬁxcetllﬁnt oxidation
species inh the resulting plasna gac
resnstzsce @ngra@omc@n%eqsience@m psed indibeffabricatibheofsienicanductor devices,

for e?értnrpi § A dr{g%rt]étfgtﬁgdlaygr Fo&'gﬂﬁgﬁt rqt?z %tgn_ﬁ/ i%“r“ttﬁ'%rl%% and in

oxxdemltﬂdalstanldsydrogen rich and accordingly exhibit a | ow
m densj t overage, a fast_etc
¢ SR aead R, R GIDE A PSS s EbelLAGyp) are the
methpd<e pomadly Usedlattite Bréseht limand fdrosilidsHmeicr! filres ( _7000
t 90C,a}d r. uce silicon nitride filnms with
qg’g |§8¥;£9q &r cefrg tinfreducing jacgilicon source (typlcally silane)

and a nitrogen source (typically ammonia, but more recently nitrogen) between a pair of

parallel plate electrodes and applying high-frequency energy across the electrodes at
low temperatures (abouf 300°C) and low pressures (1 mtorr to 1 torr) in order to induce
the generation of a plasma from the silicon source and nitrogen source. The active
silicon species and active nitrogen species in the resulting plasma react with each other
to produce a silicon nitride film. The silicon nitride films formed in this manner by
PECVD typically do not have a stoichiometric composition and are also hydrogen rich
and accordingly exhibit a low film density, a poor step coverage, a fast etching rate, and
a poor thermal stability.

LPCVD uses low pressures (0.1 to 2 torr) and high temperatures (700°C to
900°C) and produces silicon nitride films with a quality superior to that of the silicon
nitride films produced by PECVD. At the present time silicon nitride is typically
produced by LPCVD by the reaction of dichlorosilane and gaseous ammonia.
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nitride filnms produced by PECVD. At the present tine
silicon nitride is typically produced by LPCVD by the

wo e@asmnt of di chl orosil ane and gaseous ammoni BCT/¥¥2003/012395
2004/ 030071 PCT/ EP2003/ 012395 2 However, ammoni um
chloride is produced as a by-product in the reaction
of dichlorosilane and gasecks ammnia in this LPCVD
procedure: this amonium chloride accunmul ates in and

cl ogs the reactor exhaust |ines and al so deposits on
HOW?\f?é YRMEPIUT, RUPHERISISuSIYICER! @B Re-thrRiedyel ik oie reaction of

dlchldslriotsﬂz!\rﬂa9 aPEegHESASS animBnia M 'lesSLIb@W?)SﬁroéHHu?é?s' k38 €S mmonium

have been proposed in order to solve
chlorigepacaypiaten da andoslpasrihe reacton exhauish lisesiaedralso deposits on the
wafefiowever, contain carbon. In accordance with the
present invention, the inventors have di scovered that
t Metheds oﬂSlﬂﬂeﬁlmrr@efme;osmom niidde aporoarsors ni.e., alkylsilanes,

amlnggm&eﬁfﬁ%\%n%%\ér p O@H‘%g /lﬁo Zig stoi\@ @gr%hfgﬁe rﬂlcﬁgﬁaﬁrogfgms. Al

thesesprietiinsgrss hbiveser, wontsinl eafbiohtr raa‘ctoadaiﬁ:tﬁawitmmi pre8entinvention,
Im This

e 535 VTG U VL B0 F 5B s ot
combmationr &ith SaInamenias eésults0|rpﬂ1édlm€:@rrﬁ)lrétidiﬁ B @i icaHtsie and/or free
t he same pre ors, pitrogen containing

Cafb%tégith%m s lipg SR NEFRE ol Ry, derpriemtian eint e

Acharédﬂ@isthélbﬁtrﬁé‘fﬁlrrsane properties and 15 applications as

| i con n|tr|de films, The formation of silicon
TS DI alssiadcubswhen dee pfaremeptiensd priercart precersors are used

to pr@dﬂﬂérﬁllﬁ:onadiﬁnﬁﬁdé hirﬂé it el darie P?écu?%&r s/ ﬂ'ggéﬁ‘%gﬁfémlng gases

amonia (TS essure ra
plus aaerysenm@%@um gas which- aret films) thaishamether e@met properties and

el et al., Applied Physics
app“{agttSrag%ﬁ@gb?hlt‘;%rﬁﬂﬁber 13, 1999). However, this

aThedormativasofraiiicorMitidetmyasdicor paide filg ntHeheasiiori 6bammonia
and QbR e Een7 dpas trdem eRiianis, Histh ba el Plessire ratio of
5: 1'r°1+§ﬂ( Pgﬁiaf ?Je@uré\b%%?‘fs{z'toﬁ h3s gééh ?é;forfesd veﬁ'g!rSQénP%KM Copel et

ormation of silicon oxynitride

al. Aaprmr PhygtyLetidrel Vol. 742 Nugesri1®, 4890} OHBWQVérd@h@ article does not
based. net hod that can produce silicon nitride

go befanﬁsr CRAGING; I Hzﬁ]SU&%ﬂ’frlﬂwr?w!weﬁm'ﬂismwpb@@as filf pigvide any
evaluahién efiRI propbies o?%é"de&ﬁ?x%d tsh%oﬁﬁgﬁa@ﬁﬁ% NQoreover, this article is

generation of amonium chlorid
S"e"th{b@?ﬁ@fﬂfaﬂtioﬂrpf siicoppyBitideedms using &BAnants into the

chB@rdlngly, there is a need to day to provide a CVD-based method that can
produce silicon nitride films and silicon oxynitride films with improved film characteristics
without the accompanying generation of ammonium chloride and without incorporation
of carbonaceous contaminants into the films.

Summary of the Invention

As the result of extensive investigations directed to addressing the issues
described hereabove, the present inventors found that trisilylamine, aside from its lack
of chlorine and carbon, reacts with ammonia to produce high-quality silicon nitride and
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Summary of the Invention 30 As the result of extensive

i nvestigations directed to addressing the issues
wale@aslved her eabove, the present inventors foORPOIEPI¥a3/012395

trisilylam ne, aside fromits lack of chlorine and

carbon, reacts with ammoni-a to produce high-quality

silicon nitride and WD 2004/930071 PCT/ EP2003/ 012395

3 reacts with ammonia and an oxygen-containing gas to

| trid Th
B 3,0 oSt S Sttty son
oxynitride;; eAné$e Readipn® rp6 W nEOAEIH SR d 'b9"fhé ré?pbﬁ%ﬁ{cboé’f reaction

. i nyentors al so di scovered
by-pr QM@WHSF@?@ oM Eeactien Ghasiberat ehe altl\(@ttbm‘rt also hiscovered
that th@ agirm@fia ¢ 'h@l!g%"mlﬁé' AW ‘?at%or?ﬁ@ G ttl'\é’ fba%ftloﬁ 'c'héﬁ'ﬁ)%r during the

nitride fil he reaction trisi
produgliag & silicam Inﬂ(éﬁ% & byrbe ceagiosi Qf|t0$ﬂsylammakvv1th ayinahid mfuences

the cbﬁﬁié%klbﬂgl §!abll1ﬁ§'&f e rﬁegﬁtlﬁgléﬁ]coﬁhﬁ ] Vﬁlﬂf or e];%vtetr]lgq{s further

cover ed reaction nperatu e (1
COV@”@ﬁeﬂ"éﬁtut’f@) refgtiong tQmpenarturduGﬂnnofomfatlsnl tammeratl,tré) @Riring the

prodJc'tI{)motP)émtzgﬁ t &9 hln? %yQ%%i%%%fganéf%%? 'B? V\fl argmqn@bwﬂuences

the sileptaoveeag‘e aﬁforﬂedcﬂlydhe slivenprigglerfimi gregiéti orhd §resbﬂt invention is
b @S‘ﬁ hese di scoveries. According to. a first
ase aspgﬁ% ‘f’oﬁ’leg'e?nventl on there is provided a ne

pAocbrdlnggtcs ial ﬁrst)naspjebf il ethfsl |rﬁénﬁk¥n thGTR Fd?ﬁ’dﬂocﬁl me
0sI.t i 3 r|S|ng he steps of feelnga

pmduFﬂ%sF'F'de'gM'tH@e '%ﬁf%ﬂﬁc'{ﬂa\éanoﬁtdﬁp@stﬁlﬁémcempﬂsmg the
stepsVéfp@éednﬁ’@Fé)i‘zhéllyféﬁmh@aﬁéé oéhoC@ﬁ”Qﬁfmdﬂ?é‘ al%oérﬂﬁ ?tcﬂe‘?fﬁ%l vapor

Qne substrate, formng a silicon n|tr|
depo%%%r%ct'965§?”@9§ it holds ableast aoe iswhstrate, fasmingsesilicon nitride

film- dr"ﬂgﬁﬁ Bf g&lgdes 'EéJE%Prahet gg‘?ﬁe{a%% Gh8" P gggééj rLﬁlgegt Rrgdgtermined

condi ti ons, sal conpri
tempesatyie RNl pressUsey eandifianst | saicfmethed afuntbir acommsmg the step of

Pfowcférg%é'f'ow o P&logé‘fsthfe%@%%ﬁaa#etpg L] @1% Q"ﬁe ed |n{o said reaction

to or greate
Chambereemtabtammmatefrﬂm a0ure conditions, of the reaction

A U = RO -

the afbesaid mbmaramé(éndﬂ@mmm@ga&a & %ts?%\otgﬁq rﬂgﬁ \gﬁ[(lzgltlﬁgaual to or
e a ne 0

inve there is provi
lower fqn @ﬁ%%ﬂl tride filns by thermal chenical vapor
decm%dm? aB,a 6666Hd éé;ﬁlébttﬁechlsslh%ﬁtldﬁf thé&eds Whofided a method for

trisi am ne %as and an ammonia gas into
produggg(ﬁl on nitride

Ims by thermal chemical vapor deposition, comprising the
steps of feeding a trisilylamine gas and an ammonia gas into a chemical vapor
deposition reaction chamber that holds at least one substrate, forming a silicon nitride
film on said at least one substrate by reacting the two gases afore mentioned under
predetermined temperature and pressure conditions, said method further comprising
the step of setting the predetermined temperature of the reaction between the aforesaid
trisilylamine and ammonia gas is set at a value equal to or lower than 600°C.

According to another aspect of this invention, there is provided a method for
producing silicon oxynitride films by thermal. chemical vapor deposition, said method

comprising the steps of :
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25 deposition reaction chanber that holds at |east one
substrate, formng a silicon nitride filmon said at

wo e@g3mne substrate by reacting the two gasesPelf/BP®03/012395
nmenti oned under predeterm ned tenperature and
pressure conditions, said nethod further conprising
the step of setting the predkternined tenperature of

the reaction between the aforesaid trisilylamne and
to or |ower than

anmoni S set at a val ue equal
R0 = JilhEina;des. B0 ARTORE oesI Agroryape-containing gas into a

cheniical @apbotlepdsiRineebstidh &Yérﬁ@&‘ tﬁaﬂﬁélaggt 25t o %ng'sctfé?g and
silicon oxynitride films by thernal em ca

forngs a1 $iligon exynitriggt Edon swigh et deary Qﬂ@esgbﬁwedjy reagting these
gasegqg‘ﬂfe@%%kyéemé@%%ﬁ&éya%g%%ﬁ présglfr@ Q:gﬂgltlgns :
tr|S|IyIamne@? an anmoni a

oﬂF@f@Fﬁt&bni@I S@dsoxme@ @ont@lhm gas isapalected from the group
c | east one

osition re chanber that hol ds at
essegﬁﬁg'é‘t?%@t ng hsr r@z% HpPp.cBP: NPri enfies N3 mroany mixture
swedfl d at | east one substrate by reacting these gases,
under predeternined tenperature and pressure
c dedondingnte. sthl dnotiier adpleet of this mentisritbere is provided a method for

proc BN Sea PHHBHETUTR Ty Beits oflonioigpor nbsiel, sampriinn e

stepsaofd/ or N20 or any mxture ;reof. According to still
fﬁaoth | pect of this i nvent i on, there is provided a
© pEst 5t BiHhEPRENS BRF @8R 9astionaigas icontainipg both uayyer

and hhmgﬁnl a§h@c5ﬁs¢iﬁlen‘{a@@ﬁ1é#@s°‘1ﬁﬂot 'ao'%hef;‘rf?(f%l’ %d?ndélﬂbﬁtlorimreactlon

eedl ng at | east one tri ne gas
Chamgterﬁ’@égf"dér’f’é'%%%ﬁﬂhﬁtﬁ@tﬁga%th and nitrogen as
fofANgt | v
OFfANGI SHeO SRySiFRi fim Bhikci SPRAcE Bpe Airafie B TpabitY the two
gase%uadqrmrﬁdﬂgrramgﬂ|tempﬁratw5emnd pmesmna oundltloslal d at |east

e el g -
elemdtiteiLEabEY%d fidhe th’flﬂf chﬁﬁaédiws%ﬁg“cﬁrl\]@' an 9208 /?) by&egnoy mixture

and nitrogen as constituent l'ement s P5 se

thereothe group consisting of NO N2, and/or N2O or any
m xture thereof. 20 Brief description of the draw ngs
Figure 1 contains a block diagramthat illustrates an

exanpl e of an apBaepdéteribdn oPthedtahviHysSi | 1 con
(oxy)nitride filns.

Figure 1 contains a block diagram that illustrates an example of an apparatus for
producing silicon (oxy)nitride films.

Figure 2 contains a block diagram that illustrates another example of an
apparatus for producing silicon (oxy)nitride films.

Figure 3 contains a graph that reports the relationship between the ammonia
gasftrisilylamine gas flow rate ratio and the compositional variation rate of silicon nitride
films.

Figure 4 contains a graph that reports the relationship between the CVD reaction
temperature and the step coverage ratio afforded by silicon nitride films.



10

15

20

25

30

Figure 2 contains a block diagramthat illustrates
anot her exanple of an 25 apparatus for producing
wa@Rdoosw7{ oxy)nitride films. Figure 3 contai NSPEI/BPRPSI012395

that reports the relationship between the anmoni a
gas/trisilylamne gas flowrate ratio and the

conposi tional variation rateSof silicon nitride

films. Figure 4 contains a graph that reports the

at i shlg between the CVD reaction 30 tenperature

ahddYRe SPRIBInsw SFapithehteroris therigladiopghis hetween the trisilylamine
decomptogn,aﬁ rhtiel 41t te¥pe2Qfeé 030071 PCT/ EP2003/ 012395 5
Figure 5 contains a graph that reports the o
rel ati onship between the trisilylamne deconposition

rate and tenper gl ﬁl:; 0 n of the
Invention 5 Th‘ggﬁ% i) 1d[ﬁéq'lr]\k}l?LFtII()i:]th ds for
formng silicon nitride filnms and silicon ynitride

T Hif | nrg/eﬁflgﬁ rr'épcltéso t@sméfthohgofgr q’?lﬁlil?‘lﬁ,a%llr ngrﬁci]e@lggg and silicon

her el on substrates b
ynitnides films érefem@d(fbsas silicon (pxye)oﬂm@@lﬂlrfl@heselhbéiow) on substrates by

thernid E56hG LG bigilmyB Bkl aod oredtre 8 OF Sl iy fims.
n'ﬁhgl rdeth?tgh fori ﬁroﬁociﬂigds_llm_nsmﬁﬁbff?me W||III b?fkltcﬁ}sfcﬂa’ri;éd |aﬂi;‘st A silicon
an onal dilutio
nitrcp §7 15, bereh FsUoSRF Tadubsaee O Pedan GHA SaanBEmd:
an o;i!bhév\dlﬂmoh @%s(Ma % | @ﬁéhic%ﬂvéé&'ﬂébbkltlbh%a&iﬂnd&eﬁ‘ﬁbér?éﬁtt

articul arl sen conduct or substrate

be'o%@éht?‘s C Dsr?;@@ﬁ %'Eﬂf@b?ét@?t haldsralaleephd suhstrega (gardicularly a
semldﬁr{cﬁhcforr‘ QubSPRRNYRhIRSA s@fn §H9§thﬁcé} §ndTPé/alc§hé efﬁ'éjﬁ‘Sﬁ gas with the
provi ded_w th an oxi de m suc
ammeRiadEast | The SllhétrﬁﬁGe@@NrédraadYtb%p@vﬂmecbwdhlarnomtiarﬂher such as a
his reaction between TSA gas and ammoni a gas
SIIICOH%&ld%g"@al ntained at fromO0.1 torr to 1 atnosphere.
Thihe pressureiiorthesCVDcrmaction rchdmbier Idurihgrihiat fezclion dtween TSA

o GRS ot 13 b IR S gt 0t e, T

reactioh (s#iopentide €Fn RhaoA c39 @enetl§ b’eet@nﬁtét%n?b@?é‘kﬁx‘;e@ < 1 ,000°C.
TSA gas and anmonia gas W |l generally be run at

Howevgr, 1S|m@1m%ngm<gloga@f siliepnT Bilridg ocans| atg@ﬁamam;‘/es below
300° @ethfa%aétIHnObétW%eﬁ\’i%A Qﬁne%inﬁ\t}\ﬂ@gés i Gh iR/ ges In at 300°C

low rate ratio of at east nnltr
to 1 QQQnCaTg@ apunonia gas and TSA gas will generally be fed into the CVD reaction

chamber at an NH3/TSA flow rate ratio of at least 4. While silicon nitride can also be

produced at NH3/TSA flow rate ratios above 500, such NH3/TSA flow rate ratios above

500 are uneconomical.

The inert dilution gas introduced on an optional basis into the CVD reaction
chamber can be an inert gas, for example, nitrogen or a rare gas such as argon.

Since TSA contains neither carbon nor chlorine, its reaction with ammonia does
not generate the ammonium chloride by-product that has heretofore been a problem
and the silicon nitride film product does not become contaminated with carbonaceous
material.
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produced at NH3/ TSA flow rate rati os above 500, such
NH3/ TSA flow rate rati os above 500 are uneconom cal .
wQ@200Flaoornert dilution gas introduced on an opP¢DERL003/012395

basis into the CVD reaction chanber can be an inert

gas, for exanple, nitrogen or a rare gas such as

argon. Since TSA contains n®i t her carbon nor chl ori ne,

its reaction with amoni a does not generate the

nium chl oride by- uct t has  her et of.qr.e .been

TRRS b eienelef W ARiceibitan f oo Pt ARFO G b8 45 on, that
the congiositetalretability sfrtheasitcbrnhitridec b prited isssigificantly improved by

material. WO 2004/030071 PCT/ EP2003/012395 6 It has
the USBem'rarleislgHM taly rile ratic of ahleast G\Dtdlmrmgeeaatmtofab@é'&A gas and

of this inventio that the cgonposjtional stabilit
ammopia §3R28 ﬂﬁﬁ@ﬂ?%gbqwedf@ Rregyigs,siliert pithde &y niny ¢tsahwpgﬂs silicon

nitride! ffi%o‘(@dpt*b\ducé@ebys?eétftlnén a6 §Agf|e_1%0‘ﬁnﬁat'r%/( agh® Qhder the
| east 10 during reaction of the TSA gas and

aforerﬁ@ﬁ%@mea Ryassye tqactien tempe@tyre @nrtsmms gging,caneording to the
ad¥ect bfjﬂ’nsf ﬂnb@fg tid) 2R o185t %) fok ﬂ%‘fe%d[ﬂgkf ) off'tlll ammonia

I's produced by reacting anmoni a gas gas un
gas totthe TS gee deaitdreried inie dws GMD eadtior gbamber.t Ehpe:samfraevalue of

conditions usi n%u according to the aspect of this
at 'ea$tn%fﬂri Bﬁ N/} PR atgtrap@@g\(ab[p@ thSrPrPﬁ'éCthé’e‘éf ~°r"I'C(SW nitride for

it 8. Bkl By 8o 5 A i, R

semicatductassutidirat® duehie dwdFdi8Aatib dluct@tlens as Ir@stm‘m@éd &s very smail
0 uction

variatigg (S 4 TonmPre, At oor b ast cenpRBbAien Fitie Fim gmpositon
is obt%%&gpNﬁgﬁ-sﬂ %ﬁggﬂg%tor substrate due to flow

uctua ions TS festrained to very smaii

Vehadt biep Bé&dre YigoveedTh Cadddpdaritd wh @1|e”§§éorfa0%§b@étt of this
silicon nitride filmconposition is obtained

inventjQRa tat Ahe| Bap icaveragst peytormange of |the rgdlisog) @qynﬁ@@fh film product is
signifi@eirﬁrg%’r%r@\‘?ed ibg tRE q,%redﬁ‘;&‘?/ id Ro td18aef anad 6@515@?& e ammonia

I nventi on e step coverage per or mance
gas/THA geseeastianciempsesiure duiing feactopobthect SAgas and ammonia gas as

descnﬁé@rytboklgqa;ﬂ%ggg% %SH trﬁtédér}ﬁmy.s’ﬁw 8{he?1 /%cglg\g,gglgt?on nitride film is

ammohi a ~gas

produa:edaby weacttrgnamnamlﬂ gad andnBS A egast urader dhe tdiierefightigaed pressure
ammoni a gas as descri bed above to produce silicon

and Nhisﬂf%élow raﬁe ratio 6oRditiond HEing, arcerding e thei reond| aapiest of this

e A AN e R e

Fandséd PBFeitlSihedeadld dhhparatube deRefliy shodSP a1 tePhperature of
or nee}r%g substrate on which the silicon nitride is formed. While this invention is not
limited to the following means, the temperature of the substrate can be measured using
a radiation thermometer, which converts the intensity of the radiation from the substrate
directly into temperature, or using a thermocouple disposed in the vicinity of the
substrate. When a thermocouple is employed, it will generally be disposed within the
susceptor that supports the substrate or in the gas region near the substrate, but other
locations can be used as long as they enable estimation of the temperature of the
substrate.
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i nvention, an ammoni a gas/ TSA gas reaction tenperature
no greater than 600C. As used herein, the reaction

wo eovpes@rur e general ly denotes the tenperat ur ePOf/EPIING/012395
near the substrate on which the silicon nitride is
formed. While this inventio_p isnot limted to the
foll ow ng neans, the tenperature of the substrate can
be neasured using 25 a radiation thernonmeter, which

GV ' ' f e radi ati,on.from t.he .
sﬂ%s?%gfb g‘ilgﬁdregéﬁfbjhltaﬁg % Ctaé %e?@%ﬂ%@fj Wsing diegjeR coverage ratio
as an iridexnodus siep chspage thtioncarhiee diefined by ltl@é vglhe affordc?dI by dividing
rate..\Wen a.thernogcouple i e ed, it, W :
e G R PR S o B ik et or planer
regions Upi® réactioheofsarsionit gaowith TSAQagas 4 RGhEETaiif@ndt fRater than
substrate, but other |ocations can be used as |lo

B00°C; i rofilngs cuith ] SPo ERESGLeRpdiias vantsm KRB agyeve step
coversglelratio @ bPabdd RO Q4ER FRAGE ORI itk @A PEe3 880 of 10he

step coverage perfornance can be eval uated using the 3

Asegﬂecef@é‘-ﬁﬁ@s defqription caiesi lersx forrthiespwpepe ebwasediuing silicon
nitride "kl Wit 2 uRorfiF EhABHsiASK LM é(ﬁ'e%ei?érft%ft%f@ol?éfragbvﬂﬁﬁb Owill be

the mninmumfilmthickness at a step fedture by the 4

desirabliel to1uski rkKNEISAT SAflew frbtatrafid oPhBRALt 10 #YEGAbinAA6N with a reaction
reaction of ammonia gas with TSA gas at a . tenperature

temperaiuigrrengraaterthan $08U0.C i n accordance with the second
t of 4Nl Seil nv ion hi eve.step. coverage

SRER oRinitetan g EAL VR TR0 SR i, S SiBHEe
present éitvemtion bydntrédudiig apleasetl ioﬁm@IFsomt'anﬂﬁnggam fﬁhelc C¥® reaction

for._the.purpose roducing silico itride film .
chamblein, SERA B8 BoAPROrERo, Goseial oafipudt diGiah ois described
above do'cenagetionawitiy thé fovmdtioReof SRS @ide ﬁlﬁ\slls'ﬁwi@bx%;'@ﬁ:&%aining

ratio of at least 10 in conbination with a

gas ‘Siégﬁfv}f%@tbfeﬁ% Of SRFRATRANM SHRYING 8B ot barRrsowEensFantaiping gas
setect YR 8 Srdid TBuSEE Br sBUB50 5y “SFL ST iier vavor (401
ryarodeiiraioR YR Rk Bl R 3t Sieh PRGGRRO 5280t Flepus oxice

optional dilution gas described above in connection
(NZO)'vvith the formation of silicon nitride filnms. This

RSl SR G, 4 B8okinP LB SERBE b FErtihgCPRBmmonie
gas, apd|asc pEypeT sounceegay ungercthespreissug, démpesagane, @0d) gas flow rate

ato IR ey Mo RS e prHRARASE EDS Ko i
Ammonia gasi eed (MY separately introduced when the oxygen source gas is
a gas that contains both oxygen and nitrogen as constituent elements (referred to
hereinbelow as (oxygen + nitrogen)-containing gas). The (oxygen + nitrogen)-
containing gas can be selected from the group consisting of nitric oxide (NO), nitrogen

dioxide (NO,), and nitrous oxide (N,O).
The oxygen source gas can be introduced into the CVD reaction chamber at an
oxygen source gas/TSA gas flow rate ratio of 0.1 to 100.

The TSA gas used here can be prepared in advance and stored in, for example,
a sealed container, but it can also be synthesized onsite and the TSA gas thus
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A silicon oxynitride filmcan be formed on substrate

by reacting TSA, ammonia 20 gas, and an oxygen source
w@am40smer t he pressure, tenperature, and gas PCDRPI083/@12395

rati o conditions described in connection with the -

production of silicon nitride filnms. Ammonia gas need

not be separately i ntroduce®¥ when the oxygen source

gas is a gas that contains both oxygen and nitrogen

synthets&a;ggosﬁ th ﬁﬁ %Lgclgﬁl)nggépﬁly( (ggg) reaﬁ;ﬂg{ 5 Igﬁ\ gas can

be synthésiggeohsis by mt@u&inwamﬁﬁ)n@ga;b anged ﬁéflbgilénfeftﬁa’t Wwhiereact with

ammoflai RBpRER A, iAo IRl BHTS) o Ssassis chamber.

At thlssﬁothﬁ andAsrt GAltide ghSt dRALEHe lﬁér‘i’ dﬂtﬁ‘l‘ﬁ)r{?{% fl’%@%é}%‘e introduced
anber at an oxygen source gas/ flowrate

into theatet&ts:tleﬂ Ghamhes. a0 alsphbe Teiro du@écv ﬁﬁntbaﬁlswamber along
with tﬁée@ﬁg@%ehﬂoﬁéﬁ’ %‘éghcﬁp azkel © Bé rd S22 € dnd?’t%r@ during

seal ed cont ai ner ut I can a synthesi ze

xdwaipint 6 #edarhhenESINIgHSgdNEird W@Q@Qé/ iRBOMéIsynthesis chamber, the
PCT/ EP2003/ 012395 8 synt hesi zed can be introduced

pressud'brﬁ ¢fie Yyrithésls CREMBYPsHAAE b IRaihRTELA 30050 Lﬁﬁﬁto?raéhd the NH;
be synt hesized onsite by introduci ng ammoni a gas and
gas/DG8& o Irateeratioashonld ber28db i {lihe vgases tan peodacked « =" -

so0cT ket SR BB T S P rse

case, ixan murdmased iing aefliter di krapiprior g@mttdmtmmmt@me CVD reaction

i ntroduced 5 i t he I on chanber an
cnamtidt; i Ecying S5RGASHREh S AETEORBR s aridmgan aby rpRuced info
the CRDOF&iRiOhI SRAbdreakér A8 rasfifre g 'beéﬁgédjgstba &Qﬁg 2 pressure
conditions during )duction of the ammoni'a ( NH3)
regulagﬂd DCS gas into the synthesis chanber, the pr essure

'F”iglﬁrlée1 symbhesd ﬁloﬁk‘ﬁl%gémstﬁé’ﬂll&t@?é@h ré&@hﬁ%jof"‘én 3BParatus for

to 400 torr and wrate rati
produging giligon éoxy)aitrids fimsthat is mlt@dsé@ Iomlerbentlf@atbeerm\/entwe method
|
for proffucih LT (PP RUAE A, ST RBPUERS logtigd n SBLILY ysge @ ToA
gas sm@mmmcbmalraalmadyrmgpwedoﬁs}ft gas.nt roduction into the
CVD reaction chanber. The resulting TSA gas freed of
anmoni um chl oride can be introduced into the CVD

rﬁesaaséd)rondlgm’ee‘r aaﬂ tthé follswing divtivss; theeferemceadymbbdiedused on
qfrﬁ ulator. 15 Figure 1 contains a
thesea ﬁgﬁhg ﬂ]ﬂp %‘t"“g eRIP%t es an exanpl e of an

appar at us for producing silicon (oxy)nitride films

that is suitable for inplenenting the inventive nethod
Reference symbols

10,20 ............ silicon (oxy)nitride film production apparatus
11 CVD reaction chamber
12 ... trisilylamine gas source
13 e ammonia gas source
14 ... inert dilution gas source
15 e “OXygen source gas source
16 . waste gas freatment facility

21 e, TSA synthesis chamber
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for producing silicon (oxy)nitride filns. The

apparatus illustrated in Figure 1 uses a TSA gas
wa@owroaorhat contai ns al ready prepared TSA gasPCPRBP%S83/012395

used on figure 1 and the follow ng figures, the

reference synbols used on these draw ngs have the

foll owi ng neaning : Referencde synbols 10, 20

............ silicon (oxy)nitride film production

apparatus 25 11 . .......... CVD reaction chanber 12

: pp ......... tri &4 ytani-ne kplesiepgraas soumee

anmoni a gas sourcg 14 ... .powdertrap | N€rt dilution gas

source 15 ............ ' oxygen source gas source 30
16 ... st e--gas tUSEEROAt facility 21
............ TS, nthesis ghahey WO 2004/ 030071
PCT/ EP2003/ 01239 182)/9"'2'2 ...... J hal osi | ane gas
source 23 .113,211 . .....povitkatetrap 111 ...... e

susceptgrl_l_\;)l, B Y RERRNEEE %a}i@égrjﬁge 5 113, 211

............ eater TI-LS, e iie...... Qas
f eed | i\leVAVY214/23v21-\23 .shutoff valve. . shut of f val ve

PG ............ p essure sensor M-Cl- MFC4,
MFC21- MFC23 ... .02 e mdESY6WeO8R rol ler 10 BVa,

MFCBMAFC4, MEC21-MFECZ43ut {.er.f | ynas fkkv Bhhtroller- - - - - - - _
vacuum punp e oduction apparatus 10 illustrated in

Figure 1 isPlofVded with & YY&¥Rtion chanber 11,

a TSA gas sourcepfi2,  an_ ampguanggsmpource 13, and a
source 15 14 of the inert dilution gas that is

i ntroduced on an optional basis. Wien the production

g\‘rhg:r 2'{0518&{%"*‘??@52%@% 1[)o'ehlg§t5%t|%gg@3 Figifle 1 he ROAGYE Wi a cvD
reaction chamber 11, a TSA gas source 12, an ammonia gas source 13, and a source
14 of the inert dilution gas that is introduced on an optional basis. When the production
of silicon oxynitride films is desired, the production apparatus 10 can also be provided
with an oxygen source gas source 15. In other words, an oxygen source gas feed
system (the oxygen source gas source 15 and its attendant features (supply lines, etc.))
is unnecessary when the production of silicon nitride films is being pursued.

A susceptor 111 is disposed within the CVD reaction chamber 11, and a
semiconductor substrate 112, such as a silicoh substrate, is mounted on the susceptor
111 (a single semiconductor substrate is mounted on the susceptor 111 since the
apparatus illustrated in Figure 1 is a single-wafer apparatus). A heater 113 is provided
within the susceptor 111 in order to heat the semiconductor substrate 112 to the
prescribed CVD reaction temperature. From several semiconductor substrates to 250
semiconductor substrates may be held in the CVD reaction chamber in the case of a
batch apparatus. The heater used in a batch apparatus can have a different structure
from the heater used in a single-wafer apparatus.

The TSA gas source 12 comprises a sealed container that holds liquefied TSA.
The TSA gas is introduced from its source 12 through the TSA gas feed line L1 and into
the CVD reaction chamber 11. There are disposed in this line L1 a shut-off valve V1
and, downstream therefrom, a flow rate controller such as, for example, a mass flow
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wi th an oxygen source gas source 15. |In other words,
an oxygen source gas feed system (the oxygen source
w@a®4pserce 15 and its attendant features (suppCEP2003/012395

lines, etc.)) is unnecessary when the production of
silicon nitride filnms is being pursued. 20 A susceptor
111 is disposed within the 9D reacti on chanber 11,
and a sem conductor substrate 112, such as a silicon

t he susceﬁtor 111 (a single

t
°°“tfeﬁ$ﬁ '@Eﬁ’éu cT"a$ Tg?g’ggeﬁ? g& \%Pm%ctﬁ% dacen 9Int0ta19r%a9§eé<§nﬂ@w rate by the
masslidw %bﬁ@@uérhm:cmnar@ﬁw%dubédi Mid BiL@VDYeBLEH &1 bé 1.

SI ngI e-waf er appar at us A heater 113 is provi
Wit ampmenia gae serEe 13 compriseadr sealet santaines that holds liquefied

ammoRA Cpr@é'ﬁ’lhﬂhasgg 5] |ﬁfr§dﬂée% Fr&ntlgeso%ﬁceo‘ifﬁg%g’? the ¥ Rmonia gas

reaction tenperature. From several sem CO
feed §p@d2rancinta he6YD reaptionnbarmber 11;uﬂ'$19reaamdlamsdmiem this line L2

o el 1 V8 OO0 GagEbe gl SO B AT S Bty . o

amplay danvassdlai tomtraler ME(EZLCtTlhE%mfﬂOQI’H Hhe |§1ﬁﬂi1@dftedl$@d:ontrol to a

proscifel TALEE B A0 b ol EMARR) BT 9 Blfeiient g the CvD

reactioh Ganﬂ'éBAwas is introduced fromits source 12
line L1 and into the

TSA
t 31 Qgtj ﬂ%’ﬁ dﬁﬁ%sggqurcerﬁ grc'@”éﬁr@eé iSsIRAR containgr §15}t |hﬁ@3
dllutldril g@sS hias- ﬁéées‘éaifw er Mbsiréd dthecI MRS il RN gQ@ r|§f|ﬁthHuc@d

w rate controller such for exanp a mass fl ow

SOUF%“Z@OQNHQG@@ @Vﬁbﬁaem'o@hambge% thrpggb@m ineri dilutiasrgas feed line
L3. A_§‘§h5\§r’f\lr9ﬁ@u're§ 151.#%1 Iﬁél&%ﬂ}l 9@? req rte: %&%ﬁﬁéﬁ%}hgg%th the TSA

|l ow rate mass ont
gas feﬁtﬂrlwmbéoandwtf@ irest d)lt[bo:negas ican tblaeabbrebe irtrodTiced into the CVD

e TR B BEMLE o 957388 £ 8 BpBte i i o

L3 aishut-offvabe VBand, tcbvmstream ﬂﬁreﬂumugmonmﬁatermnnomrmh as, for

' d i D. tio 11.
exampie, °8 huond fpwoedlipieh MG L®, THEE 16T G, Siiectet tg ool to
preswlbdd fbowwrete I‘r@athetr’naﬁ§ﬂdjwrﬁonﬂroﬂér0MFC@t and Rihfredli&dd s he CVD
for 3 a mass flow controller MFC2. The

reac“é?ﬁr?@r?@ |s subjected to control to a prescribed

fiTaw bRYygerPYsol ssbliw 98entsad | @ e ¢ sil
ﬁ%%d H?t(r}%t%C\S/Du reactlhon char}rnltg;r@?e %10 'T°r? ot sificon

OXy”'trW@r'ﬁ”ﬁ FAPPESESya Sealegr eantainet Higiholdssthe exglesdsource gas. The
oxygérp%@"céﬁast@ HrdiRldg froﬁjﬁ |t§%b%egﬁsanﬁt@gﬁ%ﬁ S{?J;ﬁéaeﬁon chamber

desired,” the inert dilution Is intr
11 throughniel exygentsoucygas deed bne ¢danbeerelaret dispasgid inthis line L4 a

shut-6fP Sfdivdl V4 Hra" SRvndiesh lthélr%from, a flow rate controller such as, for

example, a mass flow controller MFC4. The oxygen source gas is subjected to control

to a prescribed flow rate by the mass flow controller MFC4 and is introduced into the
CVD reaction chamber 11.

The outlet from the CVD reaction chamber 11 is connected to a waste gas
treatment facility 16 by the line L5. This waste gas treatment facility 16 removes, for
example, by-products and unreacted material, and the gas purified by the waste gas
treatment facility 16 is discharged from the system. There are disposed in the line L5 a
pressure sensor PG, a pressure regulator such as a butterfly valve BV1, and a vacuum
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U As shown in Figure 1, the inert dilution gas feed

line L3 can be joined with the TSA gas feed line L1
waea4bmw7i nert dil ution gas can thereby be i ntPCUERHEA3/012395

into the CVD 15 reaction chanber 11 in conbination

with the TSA gas. There are disposed in this line L3

a shut-off valve V3 and, dowhstreamtherefrom a flow

rate controller such as, for exanple, a mass flow

o B8 U S P S e SRS, Srieiich cariea
out bYRRB resiskctive iNMHSTTIVE Ehtrdlieds, Witfle@MP préSifé '\Aﬁt‘hlﬁﬁ@'@@'ﬁ reaction

en source as source 15 used durin

Cha”f%&dﬁd? IT"?;I"I?GI( PY I%ﬂreswsﬂﬁqrﬁoa &G pnghis %Qiﬂ’plisl’@dsﬂtaa prescribed
presstf@haRieaNbFErat6N b e ﬂﬁhﬂ?ung %@d%ﬁ%f‘oﬁ% ra‘b%rt%fﬁ pf t}%ﬁnutterﬂy

en source gas IS intro fromits solrce
vaIve,%% t he CVvD reactl on chanmber 11 through t he oxygen

f’m&rﬁgﬂgéxﬁﬁ&d tfbfq/eln? %ﬁﬂg @ag & u§§$ ?zgqnqe noxygen source gas

ring filee eradiefion of ISdMDﬂI axfnlmdetfﬂmbj siicaxuatynitsde fith p2éduction can be

I I I VECA.
carm G800 & s2oBP Bol Bk BRRLEM, oeLfh, R S Ptprion of e
amméniavgasaeed Isysilehe(thasimmbmw gaengduptd @8 aMdGd Afshdaht features (the
& e he CVD reaction chanber 11. The
valve\{z '@tg ?’r%ﬁ'f”l L D reaction chanber 11 is connected
t Biqura@stentgias a bbentor@ﬁhnf et lliukirattd dhe ékﬁnbbfﬁ ér58|

ment facility 16 renoves,

for prigucing Sicgp BRONIAE Nernan sesaibaansiy oiihaial rrodcing TSA
gas. gﬂﬁod@bbﬁétﬁ@brﬂ%léﬁ]@n&aﬁ FigIRS 2 fRALdFBthe f&fMihd g%ymlflﬁ'uf‘e 1 are

di scharged fromthe system There are di spose
assignedh &g sANge refienpgreymiiohand they d%laﬂﬁdsemlaeatmngSmmn omitted.

; Ogg/%}ggg% Ilblht %%ééég"&ogé é@é&ed ?r{l"fi' F;ﬁ.lrg a%M‘I"%%@lon to having the

same;j fype o LY P oraeforealamiers11 msdahe mnelistratad tin GIIgwba‘n‘Qfdntalns a
syindBel i 2, BB BRI R eb1 s cisposodon

the cnrcmmferame afhlauﬂisynthéélsl&amrtzdrfedtli@ypdrb@sepbﬁﬁééﬂr@ the interior of
rescri bed pressure

bl i shed at
the SX&‘EN%SZS 893'85 %\1 fo Sefﬁe?"lﬂi’e(éd ﬁ%CtI-"I?Z %ﬁlpeé%;HfQ ol of the
aphe prodctibn HAppakittd 20 filustrafedvial Mﬁu%\'ﬁlac@% ?@Sﬁ\ gas source 12
en + nitro eng cont ai N n? g\as i s used
Show’é%‘yé@h‘r S A RiSOYreeé2 pf a dalasilane g#s.suchasrdichlorosilane,
that v@IKb@éIdt Wltﬁ&arhmloﬁ@ tosdrbUG&nTSAy Nthd hQI%sﬁérLen@ %E'ﬁncompnses

be carri ed out as Is clear fromt
a SeaIﬁds eRigineR thal holdsthalasiane gas | Helositanss gahes lntroduced from this

source 22 through the feed line L21 and into the synthesis chamber 21. There are
disposed in the line L21 a shut-off valve V21 and, downstream therefrom, a flow rate
controller such as, for example, a mass flow controller MFC21. The halosilane gas is
subjected to control to a prescribed flow rate by the mass flow controller MFC21 and is
introduced into the synthesis chamber 21.

The ammonia gas source 13 is provided with a feed line L22 to the synthesis
chamber 21 in addition to the feed line L2 to the CVD reaction chamber 11. There are
disposed in this feed line L22 a shut-off valve V22 and, downstream therefrom, a flow
rate controller such as, for example, a mass flow controller MFC22. The ammonia gas



10

15

20

25

30

ammoni a gas feed system (the ammoni a gas source 13 and
its attendant features (the 10 valve V2, MFC2, and
wo 2ove/0k®Y) . Figure 2 contains a bl ock di agram PEIEEP2003/012395

illustrates one exanple of an al for producing silicon
(oxy)nitride filnms that contains an onsite facility
for producing TSA gas. Thod2 constituent elements in
Figure 2 that are the sane as in Figure 1 are

. ssj gned the sanme reference synbol and their detail ed

s sugigglenaGoBHOH S Bessribnd fioedater By homaes divt parirller MFC22 and

is intRdRIRBEAIHHS theDsynthesid 5@5@;56,;@1 Figure 2, in addition to
having the sanme type of CVD reaction chamber 11 as

t Héedhart |dl|lllt!m gag seurea 1di igurevided withtafaes line k3Rtchthsl synthesis
charrﬁ)té?'ﬁ% a%@lltlf)ﬁrto ttltf@fégbehﬁeeﬂ "tl{‘tleﬁ)'\/@ %ac?éﬁ‘cﬂg ef‘m There are

heater 211 is disposed e Cl rcunt erénce o
disposedtin &is deeth hmmbﬁsza slnlairoff Iqalvp W28 ard odovesitéang thdrefrom, a flow

e SOHEALERH s BE USSP IBIPGERE Nz o e e

s lappbjleateddozmntrbl tosa pad;smdlbed fleingrate by theekasstiivay ddfrdlies MFC23

on HES 1 BBk B e B8 TS et n e

2 is divetlly coamicted tbhhemmr@adn@nmhgmb“eeﬁSA The hal osi | ane

22 |ed cont t hat hol d
nanetilahaogadis RAThER Sterapet 4115 paT AL BY R nBHks

CVD se4ttiod chanibderaqgh
nt hesi s chermberTg?% él'r%g@gb%é&g |||2=12ti'ael"’li31@o|§ie%9 r;dW%er trap

downﬁ?/fﬁ%mL therefrogh @ PERTSUlRIreQuIator, fah@xar@@mm blefm‘Iy valve BV2. The
purpdééeéfetﬁécﬁ&mo%r ftrlaB"?ﬂ Al® re?ﬁmferé?i&ﬁ%%w&rﬁﬁd ﬁ’ loulate ammonium

e, mass ow controller ane
chlorlgasaeingrat@,@ Bp dytradues do the synthesia chamber Ribe d Hel THA mas afforded

t d
oy 1 oipeSRE N AN A oMl S WL 8 idane anc
ammarguinschionids Uyw_roduc(ljsdby ftlw(ioilvidualliztra?23£JI and ISeanGnctaftlﬁo the CVD

t t he ee (0]
roact s BERE 1 Zhoh e p oSS B P e B2
apprdpeiate for irgroddetien sititheoCl/DvibegonVezarmpst 1 fownst r eam

therefrom a flow rate controller such as, for
exanple, a mass flow controller MFC22. The anmoni a gas

WO 2004/ 030071 PCT/ EP2008AQMAeR2> 12 is subjected to

control to a prescribed ow rate by the mass fl ow
controller MFC22 and is introduced into the synthesis

CiFﬁBbW/e@ﬂon W]? b'en8é§ ﬁieﬁuﬁzgadﬂaﬁ?]ls%'traﬂﬁ?égvdrﬁmg examples as

provid eed I ne
fo"OW@hhHUétS lQ&entwna@mpt liroited to theee Mesking |axemptnes, o the CVD
reacti on chanber 11. There are

Example 1

A production apparatus as illustrated in Figure 1 (lacking, however, an oxygen
source gas feed system) was used in this example. Ammonia gas and TSA gas were
introduced into a CVD reaction chamber holding a silicon substrate and a silicon nitride
film was formed on this silicon substrate under the following conditions. |

ammonia gas flow rate: 40 sccm
TSA gas flow rate: 0.5 sccm
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5 disposed in this feed line L23 a shut-off valve V23

and, downstreamtherefrom a flow rate controller such
wa@sgo4fosro7exanpl e, a mass flow control |l er MFC23PCTRER2003/012395

inert dilution s is subjected to control to a

prescribed flow rate by the mass flow controller MFC23

and is introduced into the dynthesis chanber 21. The

line L3 in the apparatus in Figure 2 is directly

connect ed action cha 11. 10 The
om%ﬁ“f?v"&thﬂths @ﬁf?@gi"g ERARSEY ng fis connected by
th@adtioﬁ&ehﬂl%eréﬁ\ﬁ@ reaetl on chanber 11. There are

di sposed in the line L24 a powder trap downstream
therefrom a pressure regul ator, for exanple, a

berikeresliNing aﬁll}(:%nel\@lde SRMFrREd WyeA\E?g;éﬂ‘j%ec'irE)Q@o to have

is to renove silazane Sg] Wés ang particu

the cohipesitida S éﬁ‘ .aTRE dpobiioR(gWahPrdtd of ks SiidbA SRtide film was 17
chanber 21. The TSA gas afforded 15 by the synthesis

A/mighaTherNRYTISA Tl eateeehtioo if @ARYakarfplet HasS8b, @nd a stable film
sil azane and armmoni um chl ori de by-products by t

composilidarwag aghi@sdand is i ntroduced into the CVD
reacti on chanber 11 after the pressure has been
adjusted by the butterfly valve BV2 as appropriate
Exanfpe 2i ntroduction into the CVD reaction charrber 11. 20

a Thi s inventi descr
CACPRcGR e Aupaalis 5 iBREAIR i Eisbred Skng, hawayer.ar
sourdehg&s fd@deéVstélﬁEg(w&s rﬂ@bd'lh ik &kahipld. hAsmMBRIBKdd3%and TSA gas were
1 A production apparatus as

introdcpuriped G411 Fporhgcbaber Rokingy? Shsooabatrata apayeiicon nitrde
film weRUbARedBA thig %ﬂméM %USQ&at%d‘é? feb foﬂoﬁ/fhgg:o%ﬂﬁ%e

nia gas and A gas were 1ntroduc into a CVD
reactl on chamber hoI ding a silicon substrate and a

Fel A formed on this silicon
nﬁéﬂ? Erﬂgg/fraﬁieh%%w ng conditions. 30 amoni a
§§N§Jaﬁ/\ﬂmrﬁe 40sceotm TSA gas flow rate: 0.5 sccm WO

. it hi h
SO ST et 0En t emper at ure:

64éxctibhdemperatiirendedCi con nitride fil mwas confirned
by Auger spectroscopy to have

The resulting silicon nitride film was confirmed by Auger spectroscopy to have

the composition Si; g4N. The deposition (growth) rate of this silicon nitride film was 6

A/min.  The NHa/TSA flow rate ratio in this example was 10, and a stable film

composition was achieved.

Example 3

A production apparatus as illustrated in Figure 1 (lacking, however, an oxygen
source gas feed system) was used in this example. Ammonia gas and TSA gas were
introduced into a CVD reaction chamber holding a silicon substrate, and a silicon nitride
film was formed on this silicon substrate using a pressure within the CVD reaction
chamber of 1 torr and a reaction temperafure of 600°C. Silicon nitride film formation
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5 the conposition Si0.81N. The deposition (growt h)
rate of this silicon nitride filmwas 17 A/mn. The
wORBUOBA7f | ow rate ratio in this exanpl e was 8BCT/APZNOR012395

stable film conposition was achi eved. Exanple 2 10 A

production apparatus as illustrated in Figure 1

(1 acki ng, however, ar sourc#gas feed system) was used

in this exanple. Anmonia gas and TSA gas were

i ntroduced into a CVD reacti on chanber hol ding a A
was adrtied out atudifeneat NHaME A flewlraeaatios bverdbe rangerfroas0 to 80. Auger

formed on this silicon substrate under the follow ng _
spectEes@Py iWassuserstaanaiize thra sompesition oé they giliser mitrids flnga obtained

at theiiifglant N TSR el diacene: fe, Fambaaienapvarion rate was

j I\ L6 nitride filmwas confirmed by Auger
Calcugagé%tﬂr)gggg?ﬂh?ggﬁave the conposition Sil1l 04N. The

deposition (gromh) rate of this silicon nitride film

. L The NEBLTSA\fLow rate ratio in this
mpﬁ@'ﬁ?le\%gq&tea—naEliééﬁggl %Rfi I m conposition was
achi eved. 25 Exanple 3 A production apparatus as

illustrated in Figure 1 (lacking, however, an oxygen
whereipuf isdhe &4 EBA floystaéerjatina sT hesredulithatehiepodrdip Figure 3.

Ammoni a gas and TSA gas were introduced into a CVD

reacti on chanmber holding a silicon substrate, and a

SiTheGesulfy fdpofted ihi Figunes sheivihdt Bk il SofidoskieRal varia
substrate using a pressure within the CVD reaction 30

due tohchemges df the tflomw ratedatio rasacined nverg speallavalues afhebOBe. NHs/TSA
Silicon nitride filmformation WO 2004/030071 - o

flow nateryatioowarsaieasbt) and mers rastiqularty hat the: fila eorgpesitional variation

e S L B B el 2 2o

conposition of the silicon nitride filns obtained at
the different NH3/TSA flow rate ratios, and the
Exanmgdergosi ti onal variation rate was calculated fromthe

(A) gg&at angro%uc |<§)nSiatpip%Pa Ls"v"\%ﬁﬁ %Ie osqrurc%r% ghéqu iESngu/re '\P (lacking,
however, an oxygen source gas feed system), silicon nitride films were formed at
different reaction temperatures in a CVD reaction chamber holding a silicon
substrate on which trenches (diameter: 0.6 um) with an aspect ratio
(depth/diameter) of 10 had been formed. Ammonia gas was introduced at a flow
rate of 40 sccm; TSA gas was introduced at a flow rate of 0.5 sccm; and a
pressure of 1 torr was established in the CVD reaction chamber. The step
coverage ratios of the silicon nitride films obtained at the different temperatures
were measured by scanning electron microscopy (SEM), and the results are
reported in Figure 4.

The results in Figure 4 show that the step coverage performance of the produced
silicon nitride films was improved up to about 0.9 through the use of a reaction
.temperature no greater than 600°C. '
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wherein X is the NH3/ TSA flow rate ratio. The results
are reported in Figure 3. 10 The results reported in
wWo-2@u080031 show that the fil m conpositional varPer/gpmos/o2395

changes in the flowrate ratio assunmed very snall
val ues when the NH3/TSA flow rate ratio was at | east
10 and nore particularly thd% the fil m conpositional
variation rate becanme approxi rratel y 0 when the

ate rati o was at |east 20. 15 Exa
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The step coverage ratios of the silicon nitride filns
obtained at the different tenperatures were neasured

e smgns nigh ei@gbr en shbwrmo%h(w omljtféﬁdcél’ﬂ%n'tr@ﬁ@ﬂlItI'SA inlet
rep orte I N ur e resu S 1n I gur
ERARNTALRY ERECEO8S % BUAPAIRSIRE APGNRERGEC opr Miner words

WSACH&@ﬁéao%ItiohCrﬁfé derbses & ishakp WefedsBRIbBYE BopRCt O
about 0.9 through the use of a reaction .tenperature

no greater than 600C. 30 WO 2004/ 030071

P 0 1 | . .
PRSI0 B Pt Bl s o
formedeadavt ithe ceagtiper %uammonmsamﬁaESAems vilosely redated to the TSA

ceco REEHER BN REr A ST D SEABAIE S FObB R sbo

0.9 lsr reachédat tdmpdraturdsiki 60D°Chas terep@atire® ibsgrakted thdro800°C where
te of Q,12 sccm an 5 amoni a gas was introduced at

TSA faqogipasifion” stubstabal dogse Mokt PECEH ¢ He IThoUght that reaction

ree&Ret pratl 1 r £ &
leTRA16S, LN By LEOTRI PSS R IPRR FAREA 8.7 cauee

deteriogation indlee) stapcqveragepefamangeri gure 5. The results in
Figure 5 show that the TSA outl et concentration/ TSA

i nl et
Example 5

A production apparatus with the structure illustrated in Figure 2 (lacking,
however, an oxygen source gas feed system) was used in this example. DCS gas was
introduced at a flow rate of 20 sccm, ammonia gas was introduced at a flow rate of 54
sccm, and nitrogen gas (inert dilution gas) was introduced at a flow rate of 20 sccm
while the pressure within the synthesis chamber was maintained at 300-400 torr and
the temperature was maintained at 200°C. The composition of the synthesis chamber
effluent gas was analyzed by gas chromatography at the synthesis chamber outlet
downstream from the powder frap. The composition was determined to be 5 volume%
TSA with the remainder being mainly nitrogen. This effluent gas was directly introduced
into the CVD reaction chamber after adjustment of its pressure. Ammonia gas was also
introduced into the CVD reaction chamber. The following conditions were used.
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10 concentration undergoes a sharp decline above 600C,
or in other words TSA deconposition rate undergoes a
W@ ba@np3ioncr ease above 600C. These results showdcar20psie 2395

step coverage performance of silicon nitride filns

formed by the reaction of ammonia and TSA is cl osely

related to the TSA 15 decorPosition tenperature and

is significantly better (a step coverage ratio of

about 0.9 is reached at tenperatures <_ 600C) at

tenperatures no greater than 600C where TSA

degsriBrial ddsTbw st antskal! y does not occur. It is

t hgught that reaction internediates produced by the

v &hBlenhgas dowdataparexisiatels 20tscem of TSA cause a

AFedePé il RNNLTVD FadtiioR cHAKRIGRIY " f or mance. 20

Exanpl e 5 A production apparatus with the structure

i reagtiondesgeraiurm: @F%EC2 (| acki ng, however, an oxygen

source gas feed systen) was used in this exanple. DCS

gas was introduced at a flow rate of 20 sccm ammoni a

gddewssultingrsikbonenitride fint vae comfiemed by4Algersspautrostspy to have

nitrogen gas (inert dilution gas) was introduced at a
the Cpmﬁsﬁ@ﬂ iopN20The: daposifinn (rewth) petsselithis afliesn nitideefim was 18
Ami? ReAGR Soe T o et e e IS ot DB dB@er FREcticscopy M the silcon
nitride M @sdduodn of the synthesis chanber effluent gas was

anal yzed by gas chronmat ography at the synthesis

chanber outlet downstreamfromthe powder trap. The
Exanf#i@Bosi ti on was determned to be 5 vol une% 30 TSA with

the remaj nder being mainly nitrogen. This effluent gas

wd§ed praseictign in%U& diustiated in Heig@eD1r wastusad ihdhiseexample.
Siicof SSPIRGE HRh P (oPnellyh &SPl sbsfERAMdb RS bR Snditons
by adraittingxamganisn gas mod itvegen-dikited TRA ¢004 08006iE% TSA) into a CVD

e TR AL, 2512 28, 20 2o

pressure wwthin the CVD reaction chanber: | torr 5

reactian te:ﬁ)er attu_r(ﬁ' 635C The resulting silicon
nPlPg¥e gas Hon @t o hf SPFHd by Auger spectroscopy to

h#iuw rate'ef mipogasdiites TSOgN. 2 Ehgcaeposi tion (growt h)
rate of this silicon nitride filmwas 18

oxygen flow rate: 0.5 sccm

pressure within the CVD reaction chamber: 10 torr

reaction temperature: 600°C

The resulting silicon oxynitride film was confirmed by Auger spectroscopy to

have the composition Sip7gN4Oy4. The deposition (growth) rate of this silicon

oxynitride film was 15.5 A/min.

This invention has been described hereinabove through various embodiments
and working examples, but this invention is not limited thereto. The various
embodiments described above can be combined as appropriate.

Advantageous Effects of the Invention
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Alm n. Neither carbon nor chlorine was detected by
Auger spectroscopy in the silicon 10 nitride film
w@e@d0sto71 Exanpl e 6 The producti on apparatus PCT/EP2003/012395

illustrated in Figure 1 was used in this exanple.

Silicon oxynitride filmwas formed on a silicon

substrate under the followi h§ conditions 15 by

adm tting ammoni a gas and nitrogen-diluted TSA gas (5

vol ume% TSA) into a CVD reaction chanber holding a

silicon substrate. ammonia gas flowrate: 17 sccmfl ow

I alse Hak 'b'ebhoﬂ%cr?ﬂédml%%lﬁ%\%as ’che2 |ﬁv§ﬁlﬁ)@ rﬁ@theﬁé’ ggﬂable the

flowrate: 0.5 sccmpressure w'th CVD react
produgigrtsdsilicep nitside films gnd %hcqre@p@utada rfums a0tout the accompanymg
prodJc%%HI tof NGrithdAiGAN cﬂ’fﬁrm gérﬂ)e 6V|tll1§]ﬂtv"5}ﬁcc9r§8{dttlbﬂe bt P¥arbonaceous

Auger spectroscopy t

conta@inarnts i doe film. TMerejp@d!sularly),rthegjse\uﬂah aramenizf gaéﬂirsnylamlne gas

tow 2 e SRR 10 A 15> forciefl e ﬁmgﬂucvon o sicon

ridevzﬁrmmtmat éﬂbewmﬂrmsnpcmmbnabwkmaitg)rﬁmml ®Moredwet, theiuse of a CVD

eactg AR sECbebt 0 LSS Bofien o sifoon nisce
films it leqhibit 2incexcafle MANEN EARS &ffémén?ceof the Invention
VE%2004/03 071 PCT/ EP2003/ 12395 17 As has. been
GOURSA tRErRYSII9AVEescriRgd iR \iBd tRrgeeHetnesHisation spepri
the ihfA€@duddibAIBE tdrfen o?fséiﬁe?élcﬁléllﬂ!aﬁﬁrﬁéjecofn'télﬁﬁl aQQséé | b5 or
oxyni tride filnms w thout the acconpanylng producti on
ammmlamw'uwaﬁ%an@ ena e Sa¥eRbexydencesniainigigasesn the reactor.
carbonaceous 5 contam nants in the film Mre
particularly, the use of an ammonia gas/trisilylam ne
gas flowrate ratio of at |east 10 during the CVD
reacti on enabl es the production of silicon ride filns
that have small conpositional variation rates.
Mor eover, the use of a CVD reaction tenperature no
greater than 600C enabl es the production of silicon
nitride filns that exhibit an excellent step coverage
per f or mance.
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10 O course, the" invention described in the present
specification conpri the introduction of one or
wa@eweado7t ri sil yl am ne cont ai ni ng gases, one OPCT/EP2003/012395
amoni a contai ni ng gases and one or several oxygen
contai ning gases in the reactor. WO 2004/030071
PCT/ EP2003/ 012395 18 C aind8 1. A nmethod for
producing silicon nitride filns by thermal -chem ca
vapor 5 deposition, conprising the steps of feeding a
trisilylamne gas and an ammonia gas into a chem ca
vapor deposition reaction er that holds at | east
one substrate, formng silicon nitride filmon said
at |east a substrate by reacting the two gases under

t t and pressuyure co tions
P e for BRSO gl TG oy GPeisha phemigal vapor

depogltlf)h O&brﬁpﬁﬁng #Hd ﬂepé of g™ Wléil%&ﬁﬁné gas BhaidnyAfonf gas into
achegp fed into 10 said reaction chanber equal to or

iggh \&@Por HgRogition reactine chafhes thet helds atge@ss opeHupstrate, forming
silitOn RirddURhM9nSsadid CaNeakt i g@bgtlldtérsog/ Yéb%ﬁ ﬁg NtheNgva ases under

predeterm ned tenperature condition react |
predqi@tmﬂéﬁ teRwesatyre aaf opreswrgu conditiinse samidrrmﬁmmrmscompnsmg

the s%%aéﬁbrog(dé%%eﬁ@ﬂﬂh%ﬁ% Q ah’ﬁn&gﬂgcias 8 tﬂ )’I%e gas fed into

or pro ng siTi’con

said giactionlehémbesedyal thor gtdat@‘rthan dal vapor dep05| tion,
conprising the steps of feeding a trisilylam ne gas

and an ammoni a gas into a chem cal vapor deposition

r @adhe mnethbdmbemrdtrigatb dlaiivds$ fatproehading sifieors hirdde fill®, wherein the
si.l i con nji [ aid at | eas

tride filmon one ,
precdifined, ISpPeiine; tapditions: &S (RS EaTBhe besHE] olifochioresaid
trisilylantiae gpidea@hni gas is esPar attemperitcrePiBiSR 4§ @qual to or lower than

onditions, said nethod further conprising the step

600°§f setting the predeterm ned tenperature of the
reaction between the aforesaid trisilylamne and
ammonia gas i s set at a value equal to or |ower than

680 wsthed formprasiginido silispsdniidey fibms i ey rihesmali eherdisal vapor
depo&hbﬁs%ﬁ%{ ) ng‘;}r%? Eﬁ?e'n%tépﬁe fes duib@?ﬁsnly%ﬁﬁ@é héé 9Ad aFHfimonia gas into

a chemicali \Japbadep@s@mrea@hoamhambar ﬁmhoh.’tschtdeast one substrate, forming
o s 88008 0 B 8P e e SR LSRR s ypgasos atore
mentubeﬂ rurtder predetermined temperature and pressure conditions, said method
further comprising the step of setting the predetermined temperature of the reaction
between the aforesaid trisilylamine and ammonia gas is set at a value equal to or lower
than 600°C.

4. A method for producing silicon oxynitride films by thermal chemical vapor
deposition, said method comprising the steps of :

feeding a trisilylamine gas, an ammonia gas, and an oxygen-containing gas into a
chemical vapor deposition reaction chamber that holds at least one substrate; and

forming a silicon oxynitride film on said at least one substrate by reacting these
gases, under predetermined temperature and pressure conditions.
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30 formng a silicon oxynitride filmon said at | east
one substrate by reacting these gases, under
w@e@des®rm ned t enperature and pressure condi t PONEP200%012395
2004/ 030071 PCT/ EP2003/ 012395 19 5. The net hod
according to claim4 for formng silicon oxynitride
filnms, wherein the aforesaild oxygen-containing gas is
sel ected fromthe group essentially consisting of 02,
and/ or N20 or anhm' xture

5¢ Re dafthod ageoraingbtongain driopfsauRg sfcan Prgyiide films, wherein the
st o o e S5 B SRET i o BBSisenyly consistng of 0,
i si |yl am I t . taini bot h
Os, 1 JiaPriD oE i D oo A8V gl Flfeiont o 1nto o
chem cal vapor deposition reaction chanber that hol ds

at least one substrate; and 10 forming a silicon
o6y i tmethied ffor mroducing ¢ilison | exysitride dilmsidyt thermabyhemical vapor

Aﬁpoémgﬁ;%%p%%ﬁ%ﬁ% %{Egggf?pr edeterm ned tenperature and

res The met hod according to claim
6 féeding ar tisilglasiihé gas ang rait tieasteorie igas, conltainigignbdtheoxygen and

. oresai d,.gas, cont ai.ni.ng both axygen and nit.rogen Aas
ot af @indie SREMALS B8, 8 bratei VEbof RanBehibRgefin chamber
thatlﬁﬂdﬁhﬁl?bﬁ@nﬁ%dﬂ@trat@%gdand/Or Ngo or anyhm' I><ture

t hereof .. 8. The, nmet in accordance with claim1 or

ToSRTgh 8 Ui, SRR AR P GUGerOn BFERUS by roading

gases under predetermined temperature and pressure conditions.

7. The method according to claim 6 for forming silicon oxynitride films, wherein the
aforesaid gas containing both oxygen and nitrogen as constituent elements is selected

from the group consisting of NO, NO,, and/or N,O or any mixture thereof.

8. The method in accordance with claim 1 or 2, wherein the flow rate is greater
than 20.



