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METHOD OF FORM NG SI LI CON- CONTAI NI NG FI LMS
CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
wa@ppbiogasi on clains the benefit of U S. Provi sSPOIEE2008/076810
Pat ent Application No. 60/973,210 filed Septenber 18,
2007, the disclosure of which is hereby incorporated
herein by reference. FIELD OF I NVENTI ON Thi s invention
r el aMETIHOB QF FORMING SIEIGOIN-CON TAINING FILMS
fabrication, and nore specifically to methods of
formng silicon-containing films. Still nore
particularly, the invention relates to nethods of
form ng SCROSSFREPPRENCETID REINETED APPLACATIONSN
precursor and a co-reactant in the gaseous form
Tth@b&ﬁR@ﬂH&tﬂﬁ claWWEINE e ik of steplfommaleraenmﬂufcamrme

I t Sem_conduct or. (.CMOS)
60@2%&3‘2@"‘? ge a@%&%”@h thg ‘?lﬁﬁ?%saew ‘g"f’ herehy incqrparated herein
by (<Berbficel S for med on the gate el ectrode of each Metal -

Oxi de- Sem conductor (MOS) transistor. This SINfilmis

deposited on the toprreng oF ¢SVENTIENRES Of the gate
el ectrodes (such as polycrystalline silicon or
nmetallic |ayers) in order to increase the breakdown

Thiy gventipa refptegraprally ik Belé pf semicoagstos fabsicasiopeind musgipeditically
to h&HMESr Fo'ﬁﬁl %ﬂ@@t{ %n%lﬁn V\ﬁms 'Sflfl dr aﬁﬁuﬁh}/ %%:Int/érﬁfgrgg@tes to

to reach nper at ure I chI's not
meﬁ@dﬁeﬂfeﬁ@ﬁm@ qubmcmtaid@s@@m @dlga:tsﬂtcempemasqma@a beteastant in the
gas@R@Grusual Iy exhibit poorer filmaqualities. In order
to overcone this issue, it has been proposed to use
silicon dioxide (SiQ) filnms to reinforce SiN film
properties (i.e. BAGKGROEDACOF INVENTIOMNr eby nake
effective el ectrical barrier |layers which may

ni f| ve the devjc erformance. Si
in ¢ F e B Ot B Ca P ety M SR e S HoB e s GeHOS3 devies,
a pfshﬂitdoﬂ\ﬂhh rs@dmab sih&‘ﬁr‘lﬂlﬂﬁib EIIN ﬁfér)neh e ﬁl’é%ate 'cl’éﬁl%delo@&(a‘%ﬁ Metal-

g gl ectr (1 LDé ayers, passivation [‘ayers and
£ 105%9 ) aiiar. | Fis i g sdapesiief ap e temand side

surﬂ@éé%kﬂl@ e eleﬂiﬁfd%/ QEcHYs PR S sthifhe ﬁ%ﬁ%l‘ gl'elf%]ﬁlc‘?{{g%g%%ﬁiler to

Si2 | ayers at | ow tenperafures,

inchepg t'@d%‘*é‘ké‘fWIH\ifé‘lag%?féé@rtf@aﬁipﬁpt e%ﬁelnwﬁﬁélav‘t bren gadowiredugnthe
tem%rat\(l?er dép&s’i}ioﬂ o SN Fitrfs, to R AL ANBRLE Wl‘ﬂci)A) ndk mgﬁgr)than

rfornmne | ow deposition tenperatures
40 Og@)H(D)’GVehéyN fidrs depesited at ternperatuiesioalovo AVBSE usdrvély weHibit poorer film

quaﬁ n%mh{ Qd& t?gper&m’ S i T RAdReB) éro@&sgﬁlg)ttis/;%?lh% (ﬁomdertg‘i)z)

fomc layer deposityon proe
ﬁfnem Ieatﬁbree $1b¥ﬁlmmbpeale|s élcwl“dlalrmuter”Mﬂ trerehy MaheefB:Etnve electrical

bartzﬂqJ Palgex%% dp%%t{y%r%?uf?cﬁﬁlcﬁzellrll%leoqrb theodlgélger ]ggna ormanlcgs may be

SiO; films are employed in a variety of functions such as shallow trench insulation (STI)
layers, inter layer dielectric (ILD) layers, passivation layers and etch-stop layers. Thus it would
be desirable to develop an improved process for deposition of these SiO; layers at low
temperatures, e.g. below 400°C. In the case of dual spacer applications, the deposition of very
thin films (e.g., 20-50 Angstrom (A) thick) performed at low deposition temperatures (e.g.,
300°C), may not lead to the oxidation of the metal electrode and may be uniform all along the

gate. Thus, an atomic layer deposition process is typically suitable for such a requirement. As
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deposition rate (several hundred A per mnute) bel ow
5000C. In order to achieve a high deposition rate, new
woredoensd2es may be considered in order to i nproRET/UK®08/076810
reactivity under the desired deposition conditions,
I.e., reactivity between theé silicon source, the
co-reactant and the substrate surface in a Chem ca
far yaihe BT Dmpbgitivnome (@vElineds peffermabitmamasnyibe deppyided with high
W fy B?Il r oOne paraneter to be
dq%%ﬁ@f%%#%%els t gﬁé?%?ﬁﬁwgggé?ﬁbggf%derance So as to
maxi m ze the nunber of sites on which nol ecul es can
react, BRI EF. DESCRI .PTI T - .
in G5 1oV biap gl b pimbidey Sl PG B orser o
impirbree theneenivitp nnder dif eedred depasitibn croditioss, hadeadtivity beween the

- dr awi in which: FEi 1 3
SRR e st itRe op o st Lhenip \and Depsgition VD)
ancforfah |AHh10 L83 0} epriithnd AAD) bideesh eEirM1iD) gnOpardiictente bé capsislered

. purge step. Figure 2 is a schematic diagram of .the
is thq pirAYR ﬁtgwghﬁa EIRARNS tafna%%ﬁqﬁe number plries g mglegttes
carBregtk.! | con- cont ai ni ng conmpound gas pul se step. Figure 3
is a schematic diagramof the filmform ng apparatus
of Figure 1 at the beginning of a co-reactant m xed
gas pul se. Fpgyip phdRIPTSONOY TRY BRAWINRI®! OXi de
transistor (NCS transistor conprising o
Fors detA0NGRB fioR bPhe bkt d ebBAWHENs {8 OSRitn, REERh&: Will nBw be
met hod of formng a silicon-containing film
magotapitd asppppanziig grapiigditmghieh:substrate in a reaction
chanber, b) injecting into the reaction chanber at
FighRaSh a Mhemadid difRiin SPNHR-Nrfthg GRPRANHEd B)a tilRHBARIhDBethod at
into the reaction chanber at |east one co-reactant in
thepopginaglsudnarigappurdgpdled- reacti ng the substrate,
silicon-containing conpound, and co-reactant in the
~gaseous format a tenperature equal to or |less than
Fighs@ocn sabewpticdizgram of the Smfarmingapparstys ¢filignrel b pidhe begipning of a
0Nt t me enbodi nents, the nethod
mh?ﬁﬁ%ﬁépﬁgﬁﬁﬁﬁﬁéﬁgﬁgpﬁﬁﬁ? on-cont ai ni ng conpound
wherein the silicon-containing conmpound conprises an
r 7R e P b AR el ALS R b g ore
co-teacpa uiigedpaypulg:. t he forrmul a (R1IR2

Figure 4 is a side view of a metal oxide transistor (MOS) transistor comprising silicon-

containing films.

SUMMARY

Disclosed herein is a method of forming a silicon-containing film comprising:
a) providing a substrate in a reaction chamber,
b) injecting into the reaction chamber at least one silicon-containing compound;

¢) injecting into the reaction chamber at least one co-reactant in the gaseous form; and
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N) SiH wherein RL and R2 are independently H C -C
i near, branched or cyclic carbon chain, or a silyl
w@e@apsesch as trinethylsilyl, and x is eitherpPdI/U82088/076810
Al ternatively, the am nosilane conprises a conpound
having the fornula Lx SiH -3wherein L is a C3-C 2
cyclic amno ligand and x is either 1 or 2. The
d) regdcting the atishiete,rpilipon-eonitiniog camposng Guthep-wheant ji therzgseeus form at a
Bl bEAR SBiC MaR Rofe B Rink R BERER o e
subdtete. si | ane may conprise a conpound having the fornul a
(SiHs)NRwith n conprised between 1 and 4, R being
selected fromthe group consisting of H N, NH O
In s58 €mBodiftids, tiEAhdhodSiutther cGnptisana siBeon-cbhiaining-comactmntherein

the ¥ orG ST R R e 4 g on B At Moo
congifhtiohd the@gENM TheGiinifosithnetdy@oniprigas@mpontiiayiag fg foaiut (R' R?

oxygen and_pi trogen, .The o en- gontai pi n as
N) whegein, B ofned %g@qp,en%gﬁﬁ, €5€@lrm’earh @P%Eg ar cyrt]aﬁc}/ carbon
chalt bOXdigBgro@ sueR BDriRRty RN, dndsrieaither THE2. Alternatively, the
ni trogen-contai ni ng grgs_ may conprise ammonia, . )
amipy ke ROMPRGAdrRIPAD Taying Bistiorrana lomdlpHheedh L isthies-Crzcyelic
amiBb XikAHIGn®k i GARES! SBY TROIRIVIZRAn AP pridd ¥lcdpbaSdidisilinines
e

co-reactant may conprise nitric oxide. The nethod

havingrthe O 53 HUR pibprsin s ependently 8h i &itinesrmpp PEmAgd or
cyc@é)ﬁgﬁnﬂl c‘ﬂﬁintnf ﬁersﬂ%ﬂneégc%}gi)ﬂgesa é%ﬁ)ﬁ@ﬂdrhagﬁg HeFbinitSa (tSﬁ%)nR with n

o-reactant conpris posi ng an oxygén-contal hi ng or
commirisedlgpemecodraind HnR hejing saiqsted gt the grop ecowigtingmd &k N, NH, O,
ot i tabl [ .
SORALAL 19, SHLLH 9 11t DESBELAL Ml o8 YARR St
gasgaemiengmecﬁnﬂaimiﬁg@s, agactangnisiop both exygeh andamtrageneormanixine: of

enmbodi.nen radicals .are feed to the reaction cha r
ssgiaPe B g of S Pt da TR oot Py SR bapne
oxy ey, viatel Vier, hgoimpen Seoxidel ¢ combinations @eedof. oTheatizogoecontibing gas

an inert gas, after steps.a, b, ¢, d r c i nation
may it pfigne; irgus WRBE P gs Son iy Birefiy T Rl Fpoces
mafEgRtise BRinobian®6xy@OnIThe 8d-feastant ilag kedprisEharioetibod may
further conprise repeating steps b) to d) until the
desired silicon-containing filmthickness is obtained.
Thl AGhHEMRP firtR&ofupfild R herltgdlal ddGedcBifit SoMipsitihabeyde of Hifogen
reaction chanber after its introduction to the |
radicalg shpig i gepAErth I IERCIANG CIBRTISGS SPOHRANORBEFE-cPtaingng or
it B0 Qhahh Bl tb BPIaSHP R deALdRdiSnd G RGO th tion of
mtlt%gﬁ/p%rtaat unrégag‘gu% to$gr less than1 It] he reac?ti g%e%eﬁzlr?ggr
oxyizemputitaeasn eadicplyelngingmbedimentpamplasinp ginswted i the reaglipn chamber.
In é@@aﬁtglrnat(\grem%gii)n HE‘F‘aQicEIQE etfgla% t%ﬁ?éa@ﬁ&n%h%nﬁ%, enerated in the
Sem conduct or devi ces, Tayers eposited thereon, a
reagfionsharshensirbathe used for the manufacture of

The method may further comprise purging the reaction chamber with an inert gas after steps a,
b, ¢, d, or combinations thereof wherein the inert gas comprises nitrogen, argon, helium, or

combinations thereof.
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liquid crystal display devices, or |ayers deposited
t hereon. The nmethod may further conprise carrying out
wWGee@p®3NF, c), or both by discontinued injectiPeCT/U§2088/076810
| east one of the conmpounds and/or gases. The pul sed
chem cal vapor deposition od atom c |ayer deposition
may be carried out in the reaction chanber. In an o
Theargibet masurtheyjcamiprisgriersaling stgpe b to ghumi theplgsired silicon-containing
e
B AR Tep0 S e NP QBAGE B e f el
cham’malmj’@r its infiodaatderhie theapdstich chamber paiiot torcazying Pwijsteps Pow), aid/or
& gt SRS WHAL e RRBIA A A 00 e SAEH U Ber
egous tTormis carr he reaction
templanam‘r:er In yet another enbodi nent, the
siliconcontaining conpound or the co-react ant in the
gaseous formis adsorbed on the surface of the
Thessmbatateaﬁ@ qoiipgise 4 liddvaifen @ SOTPBedfor eioitdnefacarngound

and/ or Iea t one co-reactant in.the for
serF R gr G W&f’wowdf}rer%ﬁa%)asséubﬁ%%tﬁﬁ%iﬁ Iy thp manutacture of
hqtﬂ@&?ﬁhltdhsgfayﬂé\tl&soér 18@tsdepdsBedhergfreat er than 1 Alcycle

and the reaction chanber pressure may be at 0.1 to

1000 torr (13 to 1330 kPa). In an enbodi nent, the

Th&geth&ﬁﬁﬁyaﬁhhérr&oﬁlbﬁse%ﬁﬁﬂg §utfsféf)§7l‘))| S, & Eﬂﬁﬁoy"ﬂls?ébﬁﬂn@ed injection of
onpri st ng oxygen and ozone Wt a ratio of ozone to

at lwsﬁg@ f the CompR0ds andfor gases. dhe awlfeéwh%lvlp%léfamgmsww atomic
layérhﬁn%&ﬂfoﬁ%&%m:arhgd &t ﬂﬁﬁ:ﬁ&ﬂﬁ hanegis a gas mxture

rising anmoni a and razine wth a ratio of
hydrazi ne to ammoni a bel ow 15% vol. I n an enbodi nent,

In atnh:?nb%!iikﬂeﬁto HH&%RQ{eQUSPh_]t@&m% %?RAI% ls!ﬂgoﬂ-cc‘()(xﬁagl'&r?gcé(og%gélgcgﬁd ttlji%eco-

cons am ne
readam mi m gaseox(s[ﬁsm m@ﬂad—d&)ri&:d odi ig itheyrkavtothghHasnrem b {nDBRA)

em%‘i%éﬂl?’zh grgﬁtp ggﬁﬁ%p&ﬁitﬁ%m cB%lnc}gﬂem icg%}%?ia@ gh% ;lc\:@réactant in the

gasdquus Ifcbrml ik eerrtld*:dmy krathe reactioRShdYer. (1B dtanahd eRbydiment, the silicon-
e 0L 0 N2 LB SPULAR PSS R e

subSti*dté’(erir BEthe fHjdt€o06T apbiber dodllpﬁlﬂﬁll ahd@Beat Rakfonk Dn)-reactant in the

Si | %rrol i di ne or pyrrolidinosilane SiH3(pyr);
gasg,qug%qj t hyl ami no) si | ane (BDEAS) Si H2( NEt 2) 2;

bi s(di met hyl ami no)si | ane (BDVAS) Si H2( NWe2) 2;

bi s(tert-butyl am no)silane (BTBAS) Si H2( NHt Bu)
Theysikicopreprainiagiidm may Srforerd pf axositisn Tasy Ofsziqml(tw%eré')az 1

A/ ué BhPRE k&bt{bﬂ%&@&@ probaued Ayt 0 blt@ pooor&t {dir @siolk@ag
H2(pyr)2; silyl triflate SIiH3(OIf); ditriflatosilane

S| H2( Orf)2; and conbi nati ons ther eof . Al so discl osed

In Jg%%&)l@ig{;eﬁtgﬁle %&&Qanﬁﬁ t}fgrggféﬁﬁsj O & aséaé h‘l%&’tﬂe @&ﬁ(gr.ﬁsg]% Jx&éemand
ozone with a ratio of ozone to oxygen below 20% vol. In an alternative embodiment, the co-
reactant in the gaseous form is a gas mixture comprising ammonia and hydrazine with a ratio of

hydrazine to ammonia below 15% vol.

In an embodiment, the silicon containing compound is selected from the group consisting of
trisilylamine (TSA) (SiH3)sN; disiloxane (DSO) (SiHs)y; disilylmethylamine (DSMA)
(SiH3)NMe ; disilylethylamine (DSEA) (SiH3).NEt; disilylisopropyltamine (DSIPA)
(SiH3);N(iPr) ; disilyltertbutylamine (DSTBA) (SiH3),N(tBu); diethylaminosilane SiH3NE(,,
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introducing a silicon wafer to a reaction chanber;

i ntroducing a silicon-containing conmpound to the
WO e@ensnm chanber; purging the reacti on chanmbePCTMS100&076810

inert gas; and introducing a nitrogen-containing

co-reactant in gaseous formsto the reaction chanber
_under conditions suitable for the formation of a
diisapaprieniaetilang SiHayePr)x fitegtbyty lamdnssilaye $iH EB Wk sty pipctidiac or
oSk - . fs ] el t hod of
pm%?%%%@?ﬁgﬁ%ﬁgvké%%%nggﬁgégﬁﬁﬁﬁgggﬁggFéﬁﬁgmﬁgtroducing
bis(diethylamjumsiland BDREAS)SiHANER 2 dns(dimsiylamind)siapo@YIAG) a

SINNIE Q6 ml - i hanber ;
Sit NGOG SR Rl RAUTRABAS Pl RIEBRE | P o e
bis(tnrmetipdsilylangna@sitany QH'I’ITSIS:'OHI(HHISngs)zc bispipaidiresitane Sif#pighus

. form.to.the,.reactia er.. condi,ti it abl e
visps RS SEERE: Sh R RE PR bR iR i
consinatiemyth@xdfde filmon the silicon wafer. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Certain terns
are used throughout the follow ng description and

Als6 dRt18%edherelnbt 8 methdd BEFbpBiHf AkiliSonstieide GRIPNRRIg. Thi s
docunent, does, not jntend to distinguish between
conPEeHAnE 2 sHHSPN WaTFTta 2 ERFliARARMBES not function. In

t Nanohbiath Alicdll- &R ADrOghd 6 tieiCuc bl ibert N ter o
an co

"includi ng' nprising” are used in an open-ended

f asraipg the rractionsbambrs Wit ap&ertgeseit et ed to mean
N r!ﬁdré&i’lbiﬂ? 8 RRM%?\;EEHMA#%H@ dadift in gase‘%ﬁ? #3R do AR"EcRon {Afber

abbrevi at , fers to a nmethyl group; the
undgtynndijipag suiseble forthe formatier ef atnpongmoleegn laygr efgpsiliqopaitride film on

me@@E&@wg@gion, "Pr," refers to a propyl group; the
abbreviation, "iPr," refers to an isopropyl group;

Di scl osed herein are nethods for formng

sil i.,con-cant.ai ni filne .on_ a;.subs . .
A GRATERR € el nba*Bonly RS BILTR et Pifl oot ot
I n iatrédeaing b eificahaaiden ; a reagtie thandei; nt 0 t he reacti on

chanber at | east one.silicon-gcontai ni.ng ,conpound;
" i IBERUAIGE P AFIGOTE FRIAIBE S 8 S dPaoKE SHREBET one
CO-puedfd th@teabtiontchemBR 9610 WA ide@ghd; adhd reacting at a
ot erature bel ow 550 OC the silicon-contai nin
mtre@ﬁﬁwms*%ﬁwoa@%@-r%m@a@f*sgﬂ?s fprn 19 thgsfeagtign gigmpep,under

conditichCRRSNO TR tHRIfBiehatib HF ABRREIolRHa0RY® of DalicouRSide Hf on the

_I'n an enbodi ment, the silicon-containing film
silicon wafer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Certain terms are used throughout the following description and claims to refer to particular
system components. This document does not intend to distinguish between components that

differ in name but not function.

In the following discussion and in the claims, the terms “including” and “comprising” are used
in an open-ended fashion, and thus should be interpreted to mean “including, but not limited

3%

to...
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conprises silicon oxide, alternatively silicon

nitride, alternatively both silicon oxide and silicon
wopaoposes1 The net hods di scl osed herein may be PEF/DE®A8/076810

out at a tenperature of equal to or |ess than 550 0C

in order to maximze the rea&ctivity of the

si | i con-cont ai ni ng conpound Wi th the coreactant and

As gspd deehy the atfbreviation; ‘Dde- eebws @uanmﬂ@!l epohnebbrgyyation, “Et,” refers
;M8 BB aAOE S Fofibd 1y S e 3B viaiRh, “iPr,” ref

o &%ﬁi %atﬁfi‘ ons tﬁeraeo > Tncan errgmg?f%mps t he viation, “iPr,” refers
to agi ifopppl gowrt ai ni ng conpound conpri ses am nosi |l anes

having the formula (R 1R2 NXSiH 4. wherein Rl and R2

are independently H C]-Ce |inear, branched or cyclic
Disclasddrereirhae methods far firthing sdicoupnsucig @sisoniasetstrytesinlay| |
em@ciadglgﬁnt t@%ling%%(f %omprgwo%vugAl 5 gurb:s]ﬁa' é% na é‘?ﬁicﬁéns ¢ amberg injecting into
the hmtmgchh]lﬁeerfaofemn bae dlllcSnHoAtal)ﬁn‘ghahmund,lJnjlestn@ iffo tHEired2tion

am no nd x i
chahpttt feab e Py teapia va i et ot anieading 8t lsmagrature below
55(C0RY Jil5@8-cOitsihiny kafpamg aﬁtﬂgﬁsms threeadioritiibrder(tSoblah aNRicon-
wherein Ris independentl|y | i near, . branched %m1

CO*E%}I@Pg flm.depggjted eﬂf&ﬂi&? Sumt{agar ﬁ%ﬂu} Q;@l} 1metnl;1 dhe silicon-containing

cmﬁprtsbscs@l%ﬁ %ﬂﬁi@'aﬁbxﬂ&n@ &Hmlt&femfehﬁﬁﬁe bdtﬁﬂﬁé?onrtﬁiﬁe@ﬁd silicon
f or mul a n conpri sed between 1 and 4

mtréd@d The methads wl%eg laf@em ff@lfhb? ?f’é“‘“q‘r%‘&ﬁ} adgyAraratte o eyl tpor less
thah\IfSSd“U’m deeﬁ%ﬁngﬂg reagujr:twof thekiliGon- c%nHmu?é%m%‘ound w1th the co-
Exanpl es of silicon-contaihing conpounds suitable

reagfgut apchsubkirate.di scl osure include without limtation
trisilylamne (TSA) (SiHs) N ; disiloxane (DSO (SiHa)

; disilylmethylam ne (DSMA) (Si H 3) 2Nve;

Thelfikionycortaininganmnpeunt DBEAPmpSictdn@)@iEes, disilylamines, silanes, or

[.Sid vyl opyl I ami ne (DSIPA) (SiH 3)2N(iPr);

CO‘%’%@#‘I‘% et ot yl anine (DSTBA) (SiH 3)2N(tBu):
diethylaninosilane Si H 3NEt 2; diisopropylaninosilane
St H NJPr) . anlnos | ane.

In qg gy é’l”}?&)‘ h&u ‘éo‘b F""%}“Bé% ?‘%ﬁ'i‘pr%% OQ}Pé‘S%uaﬁ "f%ﬁ"i‘“ﬁ% having the

formulayR PRt MRS, waereih R ynd BF drél indesehlicate HSCHC (lmar Jiranched or

|eth Ian1no si | ane NEt .2) 2

cyogp getrg (Pl'a’ins"l wlgraun sg%?sgm@lm l,l_q?% K o 1 or 2. Alternatively,

thel3ilis - afntamhhg SInRIBuRPI A prBRQNT iSRS haSingdhdNiokRu) 2,SiH,. wherein
bis(trinmethylsilylamno)silane (BITS) SiH2 NHSleB)Z

L it Spf pavilisiantag isapdang s eidien) oF 2o igsiativelyi the Fiieanroqpiaining

co@?ﬁé %MTﬂfiﬂr%es cﬁédylﬁlmlﬁcrs'hﬁ\lnﬁé fhe Rirkidfa i m)zNﬂl WHeldil REORddpanRntly

or “conbi nati ons thereof he co-reactant

H, s bepap Pragehe opgyclie Fashon ghainh éltgra@té@b’sthp SHigPISEREITERE an
co H@EBH%RESBSIIIQIIIC@ gaﬁ@g%the formufa' g’i@ﬁPR G o R&kd$BSveef] and 4

as contalnlng oxygen an nitrogen; r-a mxture
anddR bejag ekected iionthberohp exnyigéns-of blaNaNHh RgS@rfds, CHa, Coy, SiH,

Sit] 'aacf §9 %QarﬁﬁQ§ (?f‘smc&gc&f?ﬂ}mé'%?pounds suitable for use in this disclosure
include without limitation trisilylamine (TSA) (SiH3):N; disiloxane (DSO) (SiHz)o;
disilylmethylamine (DSMA) (SiH3):NMe; disilylethylamine (DSEA) (SiH3).NEt;
disilylisopropyllamine (DSIPA) (SiH3).N(iPr); disilyltertbutylamine (DSTBA) (SiH3)N(tBu);
diethylaminosilane Sil{3NEt; diisopropylaminosilane SiH3N(iPr); ditertbutylaminosilane
SiH;N(tBu),; silylpiperidine or piperidinosilane SiHi(pip); silylpyrrolidine or pyrrolidinosilane
SiHs(pyr); bis(diethylamino)silane (BDEAS) SiHa(NEty),; bis(dimethylamino)silane
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In an enbodi nent, the co-reactant conprises an
oxygen-cont ai ni ng gas. Oxygen-contai ni ng gases

w@iovasi2el f or use in this disclosure include wWaTos1008/076810
limtation ozone; nol ecul ar oxygen; vaporized water;
hydr ogen peroxi de, or conbihations thereof. In an
enbodi nent, the coreactant conprises a

(BM$)®HﬁNmbm1%ieﬁ@u@Mmcmsltaﬂ@wﬁrﬁ)r&léz(NHﬁi;}l)g ases

i PRk, AP s SR G b i

bispyoniidimatlang risHA(pe ), polfyl trifllate §ﬂ{3é(ﬁ’ﬂb;cﬂiui§mpsiiah@Si¢h€O'l§hmrant

gas or a mxture of gases wherein the gas

“m%“%?%P%%¥%)ure of gases conprise both nitrogen and
oxygen. Exanpl es of such conpounds SU|tabIe for use in

Ththis 9 ﬁﬁlosure |nclud %ﬁ%hOUt tion ai
CSRTTERHIMLCORPREF ReErd ﬁ?sﬁo‘ﬁr’f%% & qxﬁgeé' containing

gas,@?ﬁtﬁiébi%diﬁtainih@ @as@@gdsea@thlaﬁltg bothroRy chaad Aitent o Emixture of gases
0 g @ and oxxg $ such an enbodlnen% t he

havigg Botl oxygsgRMPLNE gnd BiBEInERNBHMESPRBANS o) une (vol . ),
alternatively from5%vol. to 20%vol. In sone

enbodi nents, the co-reacgctant conprises a n1xture of
In ap s3hedimeny, tB‘k%’@ﬁCtW SPMPESES e eFrGoNtaling g3 0ORYEEN @iptpining
gaséla;ﬁlta%iéqgr @8 if @fs d%ﬁﬁ% fhclhtié ﬁ/ﬁ&ﬁl@hmltﬁ\:loﬁrbz@r[gofﬂ@le&ﬁﬁltoxygen
he co-reactant iIn gaseous formis a gas mxture
Vap@fdmé wa@r,rlixgdramrqauc@n@r chibinatiing gheigiof. Hngn e@mbedimeyt, the co-

reanlg% @%Wpﬁtgipfﬁg ggérlrve I\illgcr%\{ S{F?Ttglﬁtﬁlgtggs{eﬁ gxiéagi@ |6 use in this
dlscmsumm@xdamtho\umntag@samomyg@gem bydregiing, oucosmbityations thereof.
In af} %B&&%Q{t ?l?;tc%l rgéc?a%t g #&%5‘1‘ tlh%._lg@‘&e %’l% vglglrem M@geﬁgnd/or

en expose
mlxgmsof(gasee commsasbnm)mtroﬁhmamb}xygmc ﬂiamtnplemﬁsh@l qgaatpemuis smtable

for.m ma eact with.th .sLILco conta i nin 0
for s s oftF bneliat P PR S E ST 1 BB R Cana
oxygdnus formng a silicon-containlng film For exanple,
the co-reactant may conprise a m xture of ozone and
oxygen; a gas conprising oxygen radicals fornmed from
In ah BRb&H@EAtAhE OPre@fta Xyigfkes MmNNRS bBozoRe ddokiigen. Of such an
ozone, oxygen and an |nert§§as such as nitr

embag sl (5 O-HEF PUBRT 161 & BB AL PGS VEHEF E94): Sfgatvely from 5%

vol. Q@ % GOIN G Wk AdnhtRRinkdtst 1RE So-BAGartTichpHises AMRYxthe oPe&lone sl
1% to 20% vol ., Under the conditions of the reaction

oxygmathﬁéas beem dilussd)igtorandesi sif pchgs Haexammle wikoasnz i anggbodiment,
the &d-feh G i1F@B et EE%E:&US FSn® HEMQM&YI%%]‘I] ? Gminfonia 'ﬂﬁ(@hﬁfr&zhﬁ%th a

OXl GDOSItS as a | monto he substr at
ratwﬁfefrhraam toenymonisieeleyp 1 Yo aelt, ahfem@tynlrﬂ fiogels tp 15% Vol

In s&hé éﬂ&%ﬂnﬁﬂytﬁlcglr%ta f‘ﬁ)n@ﬂgestaﬁg 65892991 Qrﬂf/ 'nﬂl‘ n-

gas nrtri Zes he si n- cont nlng co oun
contaamgeqomomrtd in thegassiohs foom which miagl egactThifagm radicals when exposed 10

an 1on1£edorgg§{’ CBlaér?A.r)ni ng gas can be ammni a, a gas

ng ogen-contai ning radi cals fornmed
The co-reactant in the gaseous form may react with the silicon-containing compound to
produce a material which deposits onto the substrate thus forming a silicon-containing film.
For example, the co-reactant may comprise a mixture of ozone and oxygen; a gas comprising
oxygen radicals formed from the excitation of oxygen in plasma; a mixture of ozone, oxygen

and an inert gas such as nitrogen, argon, or helium; or combinations thereof. The ozone
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fromthe excitation of ammonia; a m xture of gaseous
anmoni a and an inert gas such as nitrogen, argon, or
whedownsa2spr conbi nati ons thereof. In an enbodi PENUS2088/076810
met hod of formng a silicon-containing filmconprises
providing a substrate in a geaction chanber. The
reacti on chanber may be any encl osure or chanber
conwi:rmiaticm ia tldegds me'xtiuna rxma' hcrbetﬂ\@pm@il Yiito a{)%ﬂph ddulet thi eonditimaeof
the reaﬁtlt%n c%narma t B! ox en- n‘%m as?n g%xfalz e 311 CX]P %‘?r{t? ffi\(ﬁ%%mpound
ype FEact
conwertihg it witd licoheatle mlch@lbpcatthﬁra filjnpa tbé suﬂsipma tion
systens under conditions suitable to cause the
material to react and formthe fiim Any suitable
Altérhitﬁrbly@mé c@EeaktB@\WBmpke® ﬂm@éen%oﬂiaﬁﬂfg&gas kiid the hiffogdheofitaining

be utilized. For exanp the sybstrate may, be a
gas gl igesihe alicah- cele}ﬁméswfneﬁwns aid ‘i’?Q&‘?“cit"dFto(S@’@”) nigge s
nitrdSeRicboh@iirehas SaefanmionlaCa 8fs cERAPHMMHHEIACoRBMInG Qz&hca&rformed
| ayers deposited thereon or a glass, substrate used

from e cxpigation Al AaRENIS @ NgrtIIS of gRsgorsaEIoRia a9 &p ngy eaepplass |
nitr@en! AYSH, Br KERRSH BALIRGSR ARreokN an enbodi nent, a

sem conduct or substrate on which a gate electrode has

been fornmed is used as the substrate in particular

r f

In ammﬁgglagnéa Lne&.e@ of6}rtifle b §Hi0Br.con ﬁg%efﬁlﬁl cgg.gﬁsag WFRRER £
subetmm)mlanmtlon cthhmbstu B¢ reactionrehymipe i he e dnplogiieor chamber
withi g%%%wgenlg ﬁvm%:a%?c%};osﬁ on %e.#?(as af(‘%él? ?Eeﬂ %.r}’)}%f utqﬁxbﬁta{lon a colcl—wall
typt eazr:tem ahotrweallggprakadia, osindlewsfet hacnof; hmultieaatti mactarlmrmﬂer types

at E t . b t
or e o BT bl 1S B i S e sgd G e im.
Anghieble aibsiat ¥s mm@@maﬂew@a@nshmﬁ@mn Adyt e utititddv Foy

be en 2500C a 00C. T t hod
exapplpnfhe Subsirafe 3y ‘E:Ph‘ cqugvafefdo @P.O&dn%%a%@ébﬂa%ﬂf%%g? for the
maﬁlﬂﬁ:t&é bf LANLAMNIcRr abﬂ@esaﬁnaa@ﬂsraeposﬂmh&bdﬂ 61Q’ﬂgl§d§ @mtrae 0@d for
be i ntroduced to the reaction chanber

the g@wfawé of Betidhrrefelal display devieas & dpprsiyrastie th%rgorb éﬂ 8 the

embodRfren? ra%EthHﬁﬂtMtog QbeikdtdSHwhieH £ %ﬁe elbdtrodd h@'ﬂé&gﬁ)ﬂﬁm is bde@ as
met hod_further conprises introduction of at |east one

the shsirate in parficulap whendhe giHeanioside ditra ingsed fRh e pipoterpd improving the
catSRedkaash %ﬂ gemm ah%nibadlﬁllaﬁt &@%&ﬁéﬂaﬁe fnay B3 RIS tht Ha%cﬁdﬁpe

previ ousl escri bed her e| n. The co-Teact ant may
chamb@rrm@uwedtmdycmqm@f eeniditionalakdarislsr The substratgymane heated toa

tem?:ﬁlja{u?eb%qﬁal%gﬂgg%a%g% SHGBn @iﬁmfbglr tglﬁ)g?rﬁm}e Fot Qdaﬁlﬁfc' B8 substrate

i con-cont al ni ng conpoun aseou
may be cated tcamtemlpaytubaeof iahleasd d(llf’é?emd aomodh éSO"@aa:ltGmatlvaiy between

| s ohhe Si neont g und may be pul sed
20 R e ey R NS el e, o
cylinder when it is gaseous at anbient tenperature.
i con- cont ai ni.ng. c ound is . a liquid at.
Theriepest s B aRaRe 1 aRor R e AR ghamner 31Eh e Bgon-
conBeniptkcbR@uhd)tThe tshifors-bitdeing may Bedinfoduced to the reaction chamber by

any suitable technique (e.g., injection) and may be of the type previously described herein.

In an embodiment the method further comprises introduction of at least one co-reactant to the
reaction chamber wherein the co-reactant may be in the gaseous form and of the type

previously described herein. The co-reactant may be introduced to the reaction chamber



10

15

20

25

30

bubbl er techni que. Specifically, a solution of the

silicon-containing conpound is placed in a container,
whe@vesh2as needed, entrained in an inert gas (POF/US2008/076810

exanpl e, nitrogen, argon, helium by bubbling the

inert gas therethrough usin® an inert gas bubbl er tube

pl aced in the container, and is introduced into the
utilgregrabe suitaple castttsidplagy sueh af foncaimple, mjostiens Fhegilicon-containing

congé%ﬂh(i z?rld/o? a&g\?s c%-rga?c’?a%[ f{@?ﬁe 18@5]du911:d§t8 tlgg'eéﬁ:'o“? %bptﬁ\seg.ujl"l?eesi]icon-
ning conpound can De
col’tl:k&lilmg/mnﬂld)und]m@y behp;llseé aigo the meacticardbember fiiom, forarguipds, afeplinder

v et R bR, sk SRl oty g i twid
at apiblieBiCteiperaiye] 8din Cledasd dﬂSﬁ@g(IgE@)z,dﬂmn be palsddiime ttecthhmbe using a

reactign ¢ nple, for.0.1 to )
oI fehfiRer SRRy igblutioy oL PR SERBE Somigyd i placed in a
contditRs Heatb@as ek dddCaraMmed intin idiG:as GO BMPle, dféken, argon, helium) by
co- r eact ant may then bhe reacted in the reaction

butbfiag e FeTt g MEERIQUE PERBAEINGT 835 CHPIG: e AR thG opainer, and

is iltRRbcdd$ntd GRABAMES. ﬁrbbﬁ’nbhgl@onsdf lﬂ%ﬁﬁlﬁhﬁss fidt &dhtroller and a vaporizer
enbodi nent, the reaction of the substrate,

cangilgoibg ypede drpukserof aﬁe%ﬁﬂ@@h@%n&mp@w @ be delivgred ingp the
f

reaag)?nl%gﬁﬁ{@ flf:ﬁif e%ialzlﬁl;éaitog 6. g t(f)f 0 Aefo?lﬁ %t%ﬁ%ﬂvﬁ%@t | or?@ﬁ?o 1@ 0PstdnldAFR cubic
cengmleierﬁcmr wimtedbosmiglheipiise ofoxy gen-contamingagae canﬂm@p*bbverqdonto the

I t t .S
reailon it BnBRIES BAED sebintl AX LA of PR 1080 echt

deposi tion nmet hod. Exanpl _es of sui tabl e deposition
dEEARES iRl S PlsBot @y SRR AR,
reattiy ehantkep osdrddr mmfo(nﬂlalabh,comcdmdng:ﬁlenﬂmat depagited onto the substrate.
L.t1on ance

. a&‘éﬁﬁgme&nth@ nffé%%if OB o WA O A S Bt Fd feactan
occ@f¥a0glicApbiaturd dRalab bi I8&NhMGI0 aC mrmglmm@dJMﬁ@m mamotvher

o L P S B oS A consiving
filnk Bt e lsPMdtrath s ARcd lohBUndat dod@ti GIRRERLIFEBL the §dPBsition method.
silican-containing conpound and co-reactant are

Exqniplgs o siable dgpasivien mstiets igeludawithout liitatignccanestiana) CVPplow
prcééﬁlte AR AREp SRR ILPC YL a®hnkd 193%9 ﬁéif&glﬂbﬁ‘(ﬁﬁg))cﬁﬁmléﬁgmcal

d/or co-reactant is present on he surface O
vap@u@@f)&lmvew&vla}, plagma pithesgd e&om@nlaw depesitipe (PE-ALD), or

conMindi6AAGOME 3 J‘én%b%&%ﬁyﬂfg SS‘EQH QJnta‘ﬂﬂ?lg &ﬁr}g{oﬁ%ar?%rt S?-

reaction c a In an e nment qrt €
reagi@nipreiistesiugaditp Wm@ptlmh@mbqrdlspmwmgb[sfdr praopiehley discontinuous

1njerc§(?‘nc tlh Ol bl?ﬂﬁpg émlgo(t)i 111&91\‘“ s dlﬁc%? ﬁblﬁélﬁg? O%H%l Qlli‘ldnéou'%actant are

I'con-contai ni ng conpoun eac
mtrgda.&edmsthef eaation chdndiehmmhhmemusgzaémget ancﬁhdr emboditentothe sitifon-

ski
corffhatbomitinsi oG R Ty RSB AP aforions
introdetion gfamothensillven-caitsinily canpduad hrtéorceagiiantto teaedadon i n
a{gngffl cient quantity and for a tine period sufficient
'burge the reaction

In an embodiment, the method further comprises introduction of an inert gas into the reaction
chamber following the introduction of the silicon-containing compound, the co-reactant in

gaseous form or both. Inert gases are known to one of ordinary skill in the art and include for
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chanber. Conditions in the reaction chanber may be

adj usted by one of ordinary skill in the art with the
w@r@9ns92shi s di scl osure to neet the needs of tPEI/US2008/076810

process. In an enbodi nent, the pressure inside the

reacti on chanber may be betMeen 0.1 to 1000 torr (13

to 1330 kPa) and alternatively between 0.1 to 10 torr
exa(nm:%nttagem B8iiunk Regon, avd icembinstione thgreof. Hidhe prrcetag s may bwtra@ced to
te PR E T SPRERE by iy e bR i lluree e reacion
chatnban 2 torr. In an enbodlnent, t he net hods descrlbed

herein result in the formation of a silicon-containing

filmon the substrate. The thickness of the film may
Cold@idn® BriBasediod yhandiReabe bd ydjistedjbe ohd ofprdiney skild éit the b with the

pr evi ousl descri ped net hodo n
sid (i SHEGRFE I HoSt e Y R G BroP RS ot RS g pressure inside
the edzfmﬂl cHBfiber nfah®e da@e@ .1 @ ov@toer (0F tot 1380 kPa) and alterrllqatwely
silicon- contalnl 0 reater t han
betwgendyictpd 0 tqri(13 t%ﬁ%%?ﬁe ﬁ*?temg Y5l ﬁlsare& uroRgdule Ageuen
chafilobd [ﬁ%"btﬂ&@ tiah @D@erf hitemaffel} R6s MDA, QItEARNBIlyIESS than 2 torr.

infroducing a substrate to a reaction chanber. After a
substrate has been introduced to a reaction chanber,

In atnh-:ﬁ'lbg(ﬂﬁuew ﬁl@ 'n{%tﬂoﬁ?dégm ﬁéreﬂn?estﬂt Erthe ﬁiﬂﬁlgtﬁﬁil Jr¥ sfh@ﬁ{js‘:dﬁ%mmg

g., @_g into the reaction
ﬁlnc-tnaﬂrb arbsimw eFherthidknsesch fredigmumay hetincseasesksireneaiedly subjecting the

sub%t?a@t% l% p%\ﬁou%ﬁ/ dd%ch%Qd é\gtgg&l eggl?lﬁﬁl’ a d@g&l (!leglr&ltﬁhtn{}ﬁw%

erat reduc pressure, se o
ach@asde trum esitodmomt, derdepesitiongate oftb@mh@m@ntd@ﬁng\fémeﬁequnltt@ or
th% reﬁg}'ﬁn chanber and a very thin |ayer of this
eredlpy than | A€8% ¥ ai ni ng conpound is formed on the substrate
by adsorption. This is followed by feedlng an inert

t th i h i to
I ORI ST BT [ X —
intr@&h]m@ldlﬂ;dbstrafe?@ﬁ rda&idilgth&nlﬁuﬂ A @eref subsi@atedas beeadit@dtced o a
t he gaseous for ered into rea
reagti FBR oo et BPESIRE SRR LRy G AR o ot € 2

nittb §nMnfo & bdab-hbar uiden eedbéed ez QmPatiasbga itdnh@eiure of 50 to
oxide, silicon nitride or both. Inert gas may then be

5SQ°ﬁJ Eb@ne whilgataha seme temperalyn andimderapduced Ressie. %W?@é’é f ggpeous

3111?6 dopbiidSs &IRELH [N the re@ctinlch&Rbtr QY AdriiniDlayer of this
n1|s ﬁ ng on the substrate at the desired

siliedni-aoRtaiming, Cowomélpéﬁli‘mﬁbmt the sbsteruipradeorgtion idistis fplgwed by
feel H% glfrnexg g;?‘sq%§hesﬂe$cltlgﬁ E\h ARE iRt oRieP@ p%&%%fﬂ)npﬁﬂr%ted

purge, e co-reactant” pul se.
(unéﬂst)é:em)esillcvehwtalalﬁlg epmpougdiadier which hpwsesd ene ¢atepEG Bighe

gas ous?(tma'}‘l i ﬁafﬂéfeg nnt? B%g?a%{lon S G2Ghdsd R—:h&aﬁt hﬁtﬁg PABAR FortrSreacts

Ing an ineft gas In e“reaction
to ibhmmhconmmdmmmﬁﬁiuwdxpnssg silieonanxida, sslicon nmadeear both. Inert gas

ma& g}ﬁﬁsé flllﬁeg][eg irﬁg thse%atcgonsé'glglgér t(-)r B&gg 9ﬁr5a%%ﬁ$?d&h¢ts.vﬂltﬁp may
embodiment, a silicon-containing film is formed on the substrate at the desired thickness, by
repeating this sequence of inert gas purge, gaseous silicon-containing compound pulse, inert

gas purge, and the co-reactant pulse.

Alternatively, after a substrate has been introduced into a reaction chamber, the gas within the

chamber is first purged by feeding an inert gas into the reaction chamber under reduced
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amoni a may then be introduced continuously. The
silicon-containing conpound (e.g., silane) is
wo paopos2sed sequentially and chem sorbed on t heCEHUS$088€76810
of the substrate. After purging the reaction chanber
with an inert gas for a tineiperiod sufficient to
evacuate the excess silane, a plasma is activated
pregdiuiecit a s wte B%rripnratth@ﬁﬁlﬂeaﬁﬁ(ﬁﬁ dhe encsidtan, wpdonaiscossisitel
amg%mrae Ly gerrllt%e m-gro ucs?&l St Ct%n u%gfmﬂe 1[3190316%8 ?r%dp%ﬁf %ﬁﬁgguﬁlane)
is ipraincm sémtenmlllylamh c}[mnsodﬂ:dsu ﬂfelsmtfzﬂcntof the stﬁhstran: aAﬂer purging the

L1 ing filmof the ,
g PG ape s e BB et tplRRaBO BRHE W soresgtne.
plabhi®is attaated whichirseatts mﬂh&hﬁmoﬁoﬁl@biﬁsdsbmids shdbf @ tradicalsa Mte

as a result wll di sappear . fol |l ow asna,
s Rr i oPouscaRrEn T T ERRGT e Pk PreBlefRdfim ne
plaGRATHH 8 fimWipkiodR fichat fo fEiAsa Siliddaaneining!fidm PF &8 e previously
deacti vation % not, b neggfsary In this enbodi nment,
desgribeglrersin Habp cxdivd reeiss Brmesh rigg s ! s pfyation have a very short

lifefible laR @A LRQHAL N r}iIG SRR FollOWRE: PHshRRIAtivRIGI O COBeB@Sily,
and one step wherein the plasma 1s activated. The

puriging o6 the aeastmdihagberavithiag inprteabsnbsegpet torlgma @th&mrﬁl%@ot be
g e b S G R G
corpfound, one plse Qfmgrgymwgd oles- Stepardterain thanlﬂmwmnﬁwa@@ | ane

of the general fornmula (RLR2N)xSi H -X, where x is

either 1 or 2, where RL and R2 are independently H or

a CpC 6 | i near, branched or cyclic carbon chain and

are | |ntro uced iLp .t
R SR ETRS Bk P AP Blaine it
dmﬁﬁ&ﬂhﬁﬂ@ﬂbﬁﬁﬁﬁbd&he anlnosilane may be an
al kyl am nosi | ane such as bi s(di ethyl am no)sil ane
(BDEAS), bis(dinmethylam no)silane (BDVAS) or
In & &\botlinteat, el nsduhodl cdRpAses Hielusd6f af Bhst She gabdrais acsr'rdaasﬂnlaamm

i s .adsorbed on S e subsirate. After
amp\gsitae of the saigr ?Oe%lﬁ?R %@ﬁ)é@'géwé{}@ret’h'é eithey 5185% s B R
arclifRpéRemtyd oMSC 10, Rital, BRAEhed dBcycliEart@ATASH Snd are independently

co-reactant, which may consist of an oxygen/ozone[%?s

intigryqed insthe repeipigantiguously iy RIS sush 2HBYFRAICHIA thRyg L)
proads¥ I¢hb an'i‘iﬁbﬁlﬁw 1RayP0hn Ak y DHERRERR sREQ¥istifetl Jg%gga)sﬂane

anmoni a or nblnatlon thereof, is intro

(Blpmg)ebns(wmdmemp}séane&aawgr i iyl gD anelBITS). The
am?ﬁhﬁgg ! 3bcd MR EPLES oﬂhcgﬂlgs‘&ht@gf\?fgéa Py D8RI to

aseous co-reactant and one pu pur gi ng gas.
evabhage thy emgwsitry fom thepedtradingsn inetd e@salpygamua@dﬂeewtawhich
targeted thic . f
mal AR Enieh GIRERE el P [0 Bl % VOF RSB EE Rgen
oxyen,onsituit ad/depdsigen pamoxidd @LOYY am]‘y@haao@knombmadmahereof is

mt%ﬂléceg]b Flgeirsln (‘9/0% &lﬁ%l%gﬁgslﬁ ﬁq? g’ﬁ%\f?"{ se or}?ﬁa ammosﬁan rorHe T)Sl%ie ny

purging gas, one pulse of the gaseous co-reactant and one pulse of purging gas. The cycles

may be repeated as necessary to achieve a targeted thickness. The number of cycles necessary
will depend on the targeted thickness, taking into account the deposition rate per cycle obtained
at given experimental conditions and may be determined by one of ordinary skill in the art with
the benefits of this disclosure. In this embodiment, the deposition temperature can be from

room temperature up to 500°C, with an operating pressure of between 0.1 and 100 Torr (13 to
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the benefits of this disclosure. In this enbodi nent,
the deposition tenperature can be fromroom

wao egopesesure up to 5000C, with an operating prEGEUSEO®H76810
between 0.1 and 100 Torr (13 to0l13300Pa). Hi gh quality
films, with very | ow carbon2and hydrogen contents, may
be deposited between 200 and 550 OC at a pressure

133peRapdEigh QualitylfilniF,ovith YehBlowmarbdd aRd)ydrdgen exmésnisemay be deposited

aseoy Nt annonla

nen R0 PR AR RS S G TR sk Py e (g
BDEAS) may be |ntroduced sequentl ally and chem sor bed
on the surface of the substrate. After.a purge, ti

In agelher EIbaimepl e e itce TEEnh i st i g onfgHsty

Thel difindsRael(©f., BOEAS) Aly b@ﬁfrbdt@&ﬁseq@nﬂblﬁﬁdﬁ& cheﬁm@ﬁbéd\b@ttﬁﬂj
creating exci ted speci es %#%F as radica

S
surfapc Rl thseHbsbigics deier & Pua PG SUHTFRL L peUAted iruhesiing iRgocss

frorh keNRactod Bsifd ASHE pas, SSAG i AtiOfled, TRBIMX&LkRApSRBGLA s
formed during the l asnma_activation have a ver%'short

radicgls. e fiora tispepied sfiicent ko foyn p silipggipontaning Wy fhe glasma is
dea&%{eewnkgexelte&g@m&q@ﬁad\aaﬁﬁ%?ﬂe plEARSRAVERE hive ALHHNBA lifctime

reacti on chanber wt an 1 nert gas subseduent
andtag a pasels will rapidbytdisppraantelawing nlasmbdeaptiutien fransequentlye pusging of

the [‘éﬁ?t[bn%ﬂ%]ﬁﬁe? Wh % n‘féggeﬂﬁlo Guéd totj‘a%mﬂ &Q%tioﬁ?ﬁag nB % necessary.

se O p urg one ereln
A cycsle then conaisie @f Oﬂemuésn oftirb enjinesilang, ope ntdsemf ourgingfaas, ﬁnmgwastep

whwmnﬁ%ﬁw &9%&%1 (g filmon a substrate conprises the

['edst ohe gaseous co-reactant and at | east
one ani nosilane having the fornmula LxSi H4- x, wherein

o o OSSR SR A bl

useloNgleRsnshe Rhdeyud DireREICAM at Radt bigs dneiaGilae Haoing thefoisillyl,SiH,.

rb puls such as for e t hr ough an
o RS 8 65 e B BN G AR B s | hin 05 PG pareactantand

amiRbsMaNd ¢ MagichdBy FitrddidRl M) the &aawmdmudwpeﬂ dyauses such as for
2, di p| eridinosilane SiH )2 or pyrrol

exalﬂ@lﬂr\@@ﬂ?&h@ﬂéﬂ 1“I1 f(\ pyoces, i %ﬁﬁﬂﬁ)@éiﬂleah Ew agﬂ%%lﬂfed on
pipdrihoSitt @H—ﬁ(pﬁ;g) &1Bﬁ‘r(§idhl%§1[aﬂ5 Si,@Yb3 ﬁﬁ)&iﬁﬂﬂl&lMSllaﬁéqSlHE@fp‘)Z or

gas ma be i ntroduced he reacti on chanber for a

pyroligigosilend G @y £ Thg emfﬂosel@lee@eftsar&%mt the sugfice akthe sibatrate.

SubhERBRL §1 15&@%&5%aﬁ%'1ﬁﬂ)d§&d kRE teal@Rr chin B3 3§ A4 ine period
cor eact ant be I ntroduced to the reaction

suffidienttpeavaguatepiid @esosﬂmefrcglaﬁle ERGSOLWRINGAE ARSAlrEas nf Baseewsios t
reac‘%{nt ﬁﬁ% BHEN 9@ ﬂ{tr%&@&gogtﬁére%?&h Wb ntel Xl Jufsd '%7; g?wé&’s‘;/ﬁ oY @lctant

I'h O0Xygen), oxygen, nol st re an ogen
maypemeixt cfen (xJZERp7ona gummxalreo(rtympatlyxrﬁbm‘}’awlmf Olzmrle otygew),

en consi sts of of Q?

oxyg%ré m&#ug%a orlglmragfi)]l d)eaogls e?H#% pﬁ~1mon1a 4 gcgt{s%xggctc‘ tl?e?e%f A
cyclbohd‘n&:aﬂshﬂfnttf ohB dulsmfehqcmdnﬁmlmfe apner;glsa of gasing @?[seonaymlse sf

may be rte te%ed as hecessar ,@1 ieve a targg O cessary to
AP ERHTAEE™ 2311 htiSe pB‘fg"@;%T e eHEEETLRY (P TR g necessary
ach¥Qé £taRieftd thilhetsh @he number of cycles necessary will be determined by the
targeted thickness, taking into account the deposition rate per cycle obtained at given
experimental conditions and may be determined by one of ordinary skill in the art with the
benefits of this disclosure. The deposition temperature can be as low as room temperature and

up to 500°C, with an operating pressure of 0.1-100 Torr (13 to 13300Pa). High quality films,
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targeted thickness, taking into account the deposition
rate per cycle obtained at given experi nental

weoendiosizons and nay be determ ned by one of orBCTEHE2008/076810
skill in the art with the benefits of this disclosure.
The deposition tenperature 3an be as | ow as room

tenperature and up to 5000C, with an operating
witlpyasg b arloh ad hydrogn Tortenty, 1Ry be dqReGd Fbat)weerl-ﬁ!fij}ﬁnq a0 Caya
and hydrogen contents, nay
pmih g% 03|@ gﬁgé?%g%%ﬁgggggnd 5500C at a pressure
betmeen 0.1-10 Torr (13 to 1330Pa). In another
In ag?t?er nﬂ%ﬁdlg‘iepg E1Ie saeglgsou§r8§: 238% t%?lﬁct:grb coM@sﬁ_ﬁpamnfﬁ]gmg %n@roﬁuced
conifuoysly. Bhd-fhpingsilind (8.gi, StH; (i)} Bdntseoeed lstquaﬂltiayly amdtichemisorbed on

chem sor bed on the face of th substrate afte
the S SR Rivabile (RS vt 8 S S B beaiRtre PEHeE tstlipngpmber.
TheGRGORS inay bB Brebéie Fdr adiaf pafyd NEfidne®Nicuhi@thentihdtBane in excess
period sufficient to cuate the an1n83|lane in

frm@ hedeactory 6#?&%%%%‘% g‘P Inegeps g PRFFYHINAY bsntinatehbiug weatips

excl@Bspedesthi@Pd¥Badi®Ys. ReteRfifnk peHRGuHILAL 16 Tt 13@1- AKEHILRh is
speci es such as radicals. After tinme period sufficient

deagtiyatedy hhaexciigrespeciesfarmipdsyrag the pla@wqiv«'ﬁloe davepry short fifetime
and% & kés@lgwﬁpn%&kiﬁfdlsfaﬁ é&PfE‘)llQanlg B&s&ﬁ‘&cﬂlﬁﬁ&? C%ﬁéeh%{é}ﬁly Qurging of
have a very short fetine and as a resul
the peagfiag ohardpes a@b@apneﬂ@m shpednend toagaﬁwadle%c@vatwamamot be necessary.
A D BERLERM A oR e RS k1 36C DR T BAERR ralfah ot of
plamecetsdivy. A cycle t hen consists of one pul se of the
am nosi | ane, one pul se of purging gas, and one step of
pl asma activation. In an enbodi nent, a method of
In ahembodigient, inkthodof oomingas Bnlicrgl-a‘ohiamirrgrﬁlm cmmtsabstlatee:omprlses the

th f at
use SERRNASCORR g riactiiy n e Bleop ML BRI g RSy Mg Py
forrhglh (ﬂngzrg}Smﬂﬁ)émgﬂRs\Muep@riﬂmRH 536403 tiaqe, ﬂﬂi&lﬁhéd}br klycliCicarGen
| hear rancne or | C car n C aln
chai (16 GIRRRBRTLY TIPS L 08 MoFIoF FABOPUSTLY BF bYsBees shsBds ey

exaﬁlblebﬂroﬁ’gh' asle&ﬁ Hfbﬁ%saz lnfdarem:bzsaﬂsehtaha dngl @whn@e d{éﬂﬂethylamme
(0]

(Sﬂén)%\lﬁt ;Ai%lvhw&w%lr{eéﬁu@z%ﬂﬁ) or ‘HF‘Q“FW’P@@B}‘WﬁF&W@’ The
dm( nrﬁe) 2 Mdoﬁfeb of Ehe%mwley)k fh@ %&b‘s@é’c& ny B &RtahtSh H@%&%ﬁ%ﬂn may

|S|@¥ am ne i s adsorbed on the surface of the
thelsbpo@tr@c&l@ to thegactigmehagber ip fulsese Tb%\gaé@% cp¥rantaniayay et of

an @&Zgénfrﬁz&?éjéég GlxchR (fypﬁaﬂye 3004011 SRR T dxYg 4;15”0%9@11 hB&ure

eous co-reactan may consi st of an Oxygen ozone gas
andmr kydregen (pesppide £il1Gs), aBnROTHOY 8 combjhatien dreecof.nA exslgydiay consists of

onegﬁﬂég Slnl‘he H@ll}ﬁ&dilﬁlg e gt 18 0%%@%‘%5 OHLEEIL{‘BQ %qeéchﬂ%%)the gaseous

conbi nation't
forrg emkq)lEtpslsofJf pmging gdss Fhofyclds eaglibe rdpyatmsrmec;essmeto pdiiew a

targp%g ﬁ;{ I N9 H45 mi b%p St %%{eg' Eecgs%argf GAl Bca 'ier}n'{]neh % tl%%g' g&%ds

&one” Ul purgrng- gas. cy d
thick®3€ aa*k@@ i am&ﬁﬁﬁdgpoilﬁoraﬁhlpel\/@c]a obtamed at glvcn cxperimental

conditions and may be determined by one of ordinary skill in the art with the benefits of this
disclosure. The deposition temperature can be as low as room temperature and up to 500°C,
with an operating pressure of 0.1-100 Torr (13 to 13300Pa). High quality films, with very low
carbon and hydrogen contents, may be deposited between 200 and 550°C at a pressure between

0.1-10 Torr (13 to 1330Pa).
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targeted thickness. The nunber of cycles necessary
w Il be determ ned by the targeted thickness, taking

WO pa0o/0326punt the deposition rate per cycl e obPEI/ME0&076810
gi ven experinmental conditions and may be determ ned by
one of ordinary skill in theart with the benefits of
this disclosure. The deposition tenperature can be as
| ow as room tenperature and up to 5000C, with an

R R S e
contionntuelpt The disi;yldm‘nd@@iSﬂhﬁNﬁeuanemduQ@UemtizBEf@@dicmni@rbed
on @%g% gt%éf the s%\getrate a%eF eél%l{'l é}g {nrert g‘sf’rﬁgé/ éaz]iu;;’cg 9 g)l earga% 1l
chafm®ery . The aﬁmgas @y bespreseht forkuidaelpa od sufiivientsd yvacﬂ’d\l@the disilylamine

i Sl P i ARt e ke @ BPRARE By eqiyged s

crefihp %iditaﬂh Spediet Qich %taﬂﬁalanAﬁﬂQﬁr}qe 1BEsd §iifycidie (DAl gie@ilicon-
urgeteractlo cha The i nert e

contyIdage i, fh&rp agmg aﬁdaﬁﬁ%dTWPlfeéﬁ@’rﬂestf% @%t@ Rlpna
actidhtioh bV PN eBEsHoR 1@@%&%% Bg @fébmhemrrmy QlsappBhit fBllovaHE Slhdhsh

with the inert gas, gasmama activated thus
deaglivatien. r@onéwrnttbfdmwegp e pgetipng am@a Wéth pg ineiEpsesubserpgat to
1 deqdivattf be heds QY MAtBle Fieh LGRRETLA! AUIRDf fHe! M
pa&%{ y ﬁasrmndljglg}ga%t [ S/gfs}gd #hg gxm ted specllmes orerred

ithlamiing ondpulssl i pmegingees. wod drsrtcn b plagmasastiyationor t

I ifetime and as a result wll rapidly disappear

follow ng plasna deactivation. Consequently, purging
In apfembhdimestag iethnd ohi@rmhieg a wilitdn-@ntainiey filmpms: whitewpomptises the

use oﬁ%tﬁeaéfc' %glcg—reac%lpt cg Ennéered 1|n gas%?ttlsttﬁﬁn %?dca ﬁ%l%ﬁ?er(mlanc cﬁé{ﬁhe
trlsthahle,stamtyﬂanpnlaf)gnfmg goiesal f@nﬂlac[lﬂg}iReﬂlemfx mdt;assanpfrom 1 to 4 and
Ivat |

i R T A R SR e s S

SiH/a@l Sifwithtthd @asible OReofaatBadh thietAldeleine, dilie i mmms@as Badsorbed
silane (silane, disilane, tri.sil ane,

f or m.and
on the F@Efﬁ A6 tﬁ%ﬁ“bétfat‘{ gifs?ﬂéF81feﬂf>@?trﬂ¥’fyéhf("§el—%tj°dﬁc%ﬁ%Fh& tegction
chaﬂ%}ir iM lil¥esd TAEEdsedIR cl-r@RAnMRST Bhdist Bf ifox§ebRslrelgds hﬂmlre
group consisting of H N, O SOCF3, CH

CH2-
(typsﬁaiﬂa 5. -H)%piyolapicPzaRe iROKYECR ] BXYEE% S qhfiee a%déorawd@g@hﬁea?%(ihoﬁ

amiBnih B AnfBidaGiBh FBreofl NE U (RGSIoh @S0t che PHSOSMARTsiIRR, bREpulse
surface of the substrat'e. A gaseous co-reactant may

of purging gns, dnapriselelcedeactnt indha gaseors Hrm andensdaulse af prigiag gas. The
cyc-lz—:la ﬁla?nﬂé ?e‘ﬁé‘a?ecf:eg TGRS f‘}atf}tac}ﬂ@\)é aGR0S (istthlcgiﬁesé1 NTIRANERE 8ZP0&

xture (typlca 5-20% vo ozone In
ﬂeC@%w avill be dotgropinred birthiedargeted Givkinass, téyndrinig @pcoyalrthedegesition rate

B L
skllﬂ)lmrt@ﬂ argwgla&np bcmaﬁtsmf tisedigflosow- Thaddpasition tampéretugasrbeiss low as
R O e
Htgﬁhﬁalhylﬁbﬁi; wdlﬁ very tdve Sarbon and hydrogen contents, are preferably deposited

between 200 and 550°C at a pressure between 0.1-10 Torr (13 to 1330Pa).

In another embodiment, the co-reactant in the gaseous form, is introduced continuously to the
reaction chamber. The silane is introduced sequentially and chemisorbed on the surface of the

substrate after which an inert gas may be used to purge the reaction chamber. The inert gas
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necessary wll be determ ned by the targeted
t hi ckness, taking into account the deposition rate per
weywbme3ubt ai ned at gi ven experinental conditi OPGT/HSZH08/076810
may be determ ned by one of ordinary skill in the art
with the benefits of this disclosure. The deposition
tenperature can be as | ow as roomtenperature and up
may be Be@0C0or aimp peripdsplicient ta gvashaie thg sitang fin gxegss fiom throrepctor.
Anbepighif iR b anla Mol b actva B dbrkalink B Ycies sy
as tpditale efie2 @ﬁlea)ndodﬁiﬁﬁ):@nato fampthe slbcnrecob@mmmr;)tht pbsma is
deactévagedgé?e g c1t? s?f)gﬁeg fogggealocﬁjggé {ﬂg h]agrlﬁr;s) Qc?ik%ﬂr%gt a\éete fg\%ry short lifetime
andoas Atrésnli mlisiapldl)odltabpear ﬁﬂlongrplaSﬂna dimetivatidheCaistquetly, purgmg of
i ntrod uent i al I and sor
the oA PG Ty SRR P ooy St it B sy
A dy€le fidh @énsishf b@@;ﬂﬂsemﬁtmhmmne pllseof pugtitig @R somayiep &/here
resent fgr atime period sufficient to evacuate the
playng i AVMdexcess fromthe reactor. After purging with
the inert gas, a plasm may be activated thus creating

excited species such_ as radicals. After tine per.

RefefiingiixFige 1t pscherpaticrdingram of addm-fomming prparaipsil Pwmd ip Fh@ film-

fonmn@sﬁ%ddsie&%&t HeY@h Bidviodddeis awnt e %nﬁ%rﬁﬁngf ?ﬁfﬁt‘ds 10
urlng t he p asnma activation have a very shor

compirsest 4 regctign ehagdbenlk; ag inert 264 qylingea b2, dvhichd$ & sgupreif an inert gas feed

ol G 08 P SR AP REGH SN | AR i e

of & fsedpdfpssenuchiliconicorthining compoundtande cmetsstawyndml% ylolae

erb e SR B PSR 35S hc 08 8L LA 0T RE Bl

an é?elicdnmanng stlsne]ﬁmgua}ebe]dlspaseﬂ @hmmsthé readloagheamheoll and one
form ng, a S
senyieeri kSt R e R el e it MG lhled AR, A heater
ma§ bé lﬁmfndécmvinlgn &;emgca;ttu:s;n dfllecompatitieessmitondatr thra:thmrrbee r
] nert as C urce o
spefiid Rhesel Wrinsfiie o Al G ernPod s e Ry Forfi abardtls 10
ma$ b hse® Bs Lieidhady pe ma@@@pmna] @ctboyfinehitltherelday Batfionrhs 0200
a saurce of gasequs silican

, a feed, o 0
SenpeRpAURIRTEUbsHAS heid tylthléé}arawm&wam’?are‘r The ﬂ%ﬂeré{ha Bateh-type
aprafRR i Bie a dilterehd stridthi® o Be RARAIH sifzlclRafePapphartised

as a single-wafer apparatus. In such an enbodi nent, a
susceptor may be di sposed within the reaction chanber

Thé|1}1fr er@hﬁ@éf“lﬁ A ﬂﬁﬁ%ﬁmﬁf&9§ﬁtf(ﬁtvﬁth thfea®dR BRinber 1 via a line
I'con substrate, may be nounted thereon. A heater

L1nAyhyeft yeluey Vi end wilowiate eamtroksuforgxample] mass dlew coptrdlispMFCL,
aretdi}ﬁps%&ﬂhﬁ@ OA SR N & Q1sh Eg%%@f—ﬁ'tﬂé 16 Ll%ﬁ‘ié i Puid

erature. Tn an ternatlve e
corfimiimication with gleapqsmratthambdr(l Inray be used as a b at ch-type
apparatus. In such an enbodi nent, there nay be from5
to 200 sem conductor substrates held within the
The reativh clmntleaiziaBo inlfluid ddnemindetion with a sadnatm@umpyIMP via an exhaust

line L2. A pressure gauge PG1, a butterfly valve BV for backpressure control, and a shutoff
valve V3 are disposed in the line L.2. The vacuum pump PMP is in fluid communication with
a detoxification apparatus 15 via a line L3. The detoxification apparatus 15 may be, for
example, a combustion-type detoxification apparatus or a dry-type detoxification apparatus, in

correspondence to the gas species and levels thereof.
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apparatus may have a different structure fromthe

heater in a single-wafer apparatus. The nitrogen gas
w@iopnsest 12 is in fluid conmunicati on with thBCT/US2008/076810

reaction chanber 11 via a line LI. A shutoff valve VI

and a flowrate controller,16f or exanple, a mass flow

controller MFCl, are disposed inthe line LI. A

shut of f valve V2 is al so disposed inthe line LI and

t I

Thelsihcorgllﬁ&ltérﬂélg%gcﬂﬁgﬁn% gzﬁ: gfr?ﬁhle}é\ﬁa irf ﬁtlﬁd Ecﬁﬁtﬁﬁ%@ﬁloﬁ %H% line L1
via g inmhivbetindhe livicll4 canneats therting Mﬂ)eﬁkﬂl thie ahwaofT ealvraVid and the

o i BSOS B A S 0 L Ll B B

gaught BED3Ad a shutd i eaH/d ViR ark dispdsoé inAc linerfL40 Ulp sibBh-caitaining

compofgsf PR P B Ao TR Ay L 18 R tnd

brafcin€ KA1 he ,braaclﬁiﬁlmtcbrﬁiéctt e giné B xtwetrCtht vaum pump PMP
apparatus or a dry ﬁy pe detoxification apparatus,
g'a

andélaﬁﬁhefeﬁfdﬁlde NSe At SAMO lya¥Ssisdispesed byfbe braqel lige L4'. ‘The States of
cQ |
the 5@%@&%&5@@&% 205 ?@g@?%aﬁe%aggngﬁaé@ﬁ% &f t&wtﬂvepg%iosed
I|ne L4 wherein the line L4 connects the |ine LI
TheCc8 e ac? %flr'llmﬁ{?rgg#‘is()l!f&fflut\r/c]laclfz%fer?)}{l%at%rﬁ%lﬁl) Lfﬁugﬁ ?eavgtlv?}{‘\r'l&}\flzcule
geneatt l@hh alind/EE2A shutpff ea;lSeuVé agbagass PGR, coﬁtﬂdleﬁl\@&ﬁtaﬂé disposed

. valve V5 are disposed the line L4 ..

in e i A ThE TP P L e B e 4 o a e Lg 1

whdréibl tHd 1160 Bk tHél]mWUl Ibetivaén the iRitdfPvalieav X 4nd thd & 4w
and a branch |i ne v@ébranch line L4' connects

contple MIHEGL- L' igbTEsHYS e SPAFRIRBHAD SPieT Qg 3 prassure gauge

PGSl Rbfutsrplare Ware Alsgdssua Rfthe MR ME TV® ‘gerePats 13ROAQF N ifMid
t'he branch |ine . The states of tﬁe shut of f val ves

compaunigation with ge ém%% dharthsrling d & aaé a brageh Hied 6 o Ree franch biap 1.6”
conh ?s tﬂé RRILY ReredeR R0 adifif ﬁ%ﬂﬁﬁi’taﬂ&‘ theSMilthfRYRLe V4. A%hu!nt@ff

communi cation wth a highly reactive nol ecul e
val\@éfﬂé rsatlappseﬂsn thle araach linedL 6 .5TheAtatdsof thefshuteff valvegey 7aand VA are

syn romzed 38¥ga Lallsec{perl}/l:}%%th%rg %sedposed in the line LS.
genera connunlcatlon with the

I|ne L I V|a a I|ne L6 wherein the |line L6 connects

Thefgegwltg ﬁﬁ(]%rgwkégstr% tgaps%/&c% ."65%1% afu? Jélgﬁlpl TEAc &vgﬁd%élgﬁ%leqﬁst%ows
intodRNIGRILE, 2{tiaQOnsSan s@reamﬁ,gasafemMmteeccgﬂugﬁﬂmaghlﬁrwctae

shyt of f val ve are. di dinthe |ljpne L6. The
roupeatg i diepike! 83 AbReRsPngBsT IR PDs pTSPRT frathe

genler‘aﬁﬁlé—zr héibaghl@adtive holeGuld BshcantRiians Ifhel'dbﬁ}eoﬁtﬁ)lled T @easuring
branch lLine L6" connects the |line L2 between the

the ighly uerctivrrpolpmte IgyRl With @ highlyresctive aplgenlsgonoontiation sspsor OCS
and\(:alllﬁ/(ﬁlmﬂhe P%p%llgi SRS el ebsel SHEsshie %th@ gércPfor16 based B this

stat es of e shutoff valves V7 and V7' are
measyié Malbhi zed so that when one is open the other is
cl osed.

In an embodiment, a method for forming silicon-containing films is described using the film-
forming apparatus 10. In general, the method comprises the following steps: a nitrogen gas
purge, a silicon-containing compound gas pulse, another nitrogen gas purge, and a co-reactant

mixed gas pulse.
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The generator 16 produces a m xed gas of co-reactant
and highly reactive nolecule that flows into the |ine
W@ 2009/889281 const ant co-reactant gas feed fl ow rBCEDS2008/076810
control of the highly reactive nol ecul e concentration
in the m xed gas depends oni7pressure and the power
applied to the generator 16. The highly reactive
nol ecul e concentration is thereby controlled by
in o EARAGHAR, b i Qo plr 2 P b ldofink Tl oo, Lo
examphi a sehimonguctdn evafuini tedsupapor withid thegsatibn qmambs‘,lulrl@nd heating
th r at 16, base t hi e.
the semie C%lglflé nrtwa e t(r)‘r% ewggraﬁlreobegwo?e&%rqg,efs%ﬁ%@b :éta tell'l{)]erﬁ[fre
reglfl:ittbﬂiﬁcdrla)rdasmrthfbﬁdcepﬁ)r Ngjgiirt & sﬁoﬂsnﬁmonﬁgagatampﬁ thetfis- fﬁlﬁhmg
I n t he net hod conpri,ses the follow ng steps:
avvrayf £ Sty et ol g PSSy A3 StontniE ey oS Sves v
and 08Sard81be8 andiRe biker shiotir v@@@sﬂv PRSVAWEIPS’, &N R are all open. The
co-reactant m xed gas pulse.In an enbodi ment, the
closadl eongrgbyalvsa areshoyewih eppesip Figuiedswhie e openicagrol valves are
sholvh ﬁ%ﬁﬁnﬁ{eﬁéﬂ&%f %%tads%?th@mmt GalveR lﬁﬂagrcmaa%ﬁfe%pnon is
waf e on the susceptor wthin the reaction chanb
Shownmthemengamhle sem conductor wafer to a tenperature
bet ween 500C to 4000C by using a tenperature regul ator
i ncorporated in the susceptor. Figure 1 shows the
Whﬂ@crﬂlh-gsungmie @ withiu the réaiction dhambdrrd tlaplpﬂirthﬂ axbaukolintuid hygthe
operag Fr\cl)aﬁ 1 an d%v‘;') grp as’l 18%)6 n%Ele%H enlgas c?l?nder
12 mﬂmugm& lndeaLl/aﬁl Mo theoredddion M&,meBl 1, T cﬂee\YHowaate oﬁihb nitrogen gas

cIo d contro s..are shown with.s
s oo Be Do SEs? M (S RP APy e e g Rt S
a ddsﬁlfl:d/\ﬁblh@n (fbiﬁdk@ﬂfnfilialf 0. Blo, 1000 & bakihuding tH&%g&ihlﬂlﬁlﬁi}fe reaction
ves in the followi ng descr]pt
crai el e raing uip B 8% Rt r%mf*ﬁbar@%eﬁw {iing Rigtiorof e

readti8Rehdnf¥Rr LINid SRNituikd by RiQR& gk he exhaust line L2 by the
operation of the vacuum punp PMP, nitrogen gas is

i ntroduced fromthe nitrogen gas cylinder 12 through

Duﬁr@%é r'uﬁ‘@geh gLns ﬁ’lﬁ’é’e dtéﬂ)t fhe E1|Ti€0nr &ﬁf‘aﬁdlﬁgbo%@ﬁmﬁ%as Jsjeontmﬁusly fed

| ow rate of enl rogen(g:sw Cco
mtOtthmlmeMsfrqm e sdisen- mtane;ng oemroundagas icylindgield L@d@r fmﬂrf&év ik

con 5‘1 lﬁ[){v%g RiHfer PiF %é E}{u?cq Valfe T Qfo d aﬂ& MBlﬁoff
. %ﬁ’o S S‘Rg f lopd

torr exhaustl ng the gas wt
valveé\éﬁtisi apen, 6h thabtbe Silcbnainthg egbwygl gas smogfed inathe reatto)ntmenber

h at.. t { ft
11 gt B ERER B eid v oh e it 55 o f s gns 12
During the nltrogen gas purge step, the

si |.i con-cont aj ni ng conpound qas IS conti n fed
In addhtion, dpydng th%@tregpnf%ﬁqr%%% A Faéb‘ﬂ‘e&%?aﬁﬁaﬂ'i %11‘56*%530“

ford Roftitlub e fed HRomhdRe lifea®idh #¥41mB4rA14 to the generator 16 to generate
unstable molecules (ex: ozone, hydrazine) under feed flow rate controlled by the mass flow
controller MFC3. A desired power level is applied to the generator 16, and at least one co-
reactant delivered in the gaseous form containing unstable molecules at a desired concentration
(the mixed gas) is fed into the line L6 from the generator 16. The unstable molecule level is
measured with the concentration sensor OCS provided in the line L6, through which the mixed

gas of unstable molecule(s) and at least one co-reactant delivered in the gaseous form flows. In
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control by the mass flow controller MFC2. The shutof f
valve V5 is closed and the shutoff valve V5 is open,
w@0wh32st he Si contai ni ng compound gas i s notPEEUSI008/676810
the reaction chanber 11 but rather is exhausted by
feed through the lines L4 artd L4'" into the exhaust
line L2. In addition, during the nitrogen gas purge
an gitegimeat, tHegeastiomshamber-commtses adeded fov fraetionof pmstable molecules
k t S |
(e. g??g'd?ﬁ%g% Evfitﬁ J@gé ?’eaﬁtﬁu‘ﬂ c!hgl‘h'laelf‘ i:éé ﬁgfﬁ{?ﬁplg I?ﬁ g:tﬁoﬁ E'kgdgg)?gtﬁa}é)mprlse
oneum sto&mlambmcesl vegchehen aomnad geimyale azlamf) Wuﬂmd e réagtion

chaﬂbare Slf‘in%@eé iéo nlt srn%i sleogrg: pl?ég Bgvg: pagggj‘gst%lllg %&e? Q@ﬁ@l 4 i thMlztge%'
plasiechoaer meysd adiusedeod esec tralidr pehebdsvesired valne tSueh gknsmmsw}ces and

ol SRR, MBI JBU AR oo s e

povieh @i thé Gesgke pﬁ&@t@cﬁftﬂdﬁgena"rb@r 161t adbtiel o baedibhethk esselting s
measured with the concentrati on sensar CIELPrOV|ded in

megshred valpe e shwtaityalye Vi dosed pd the shuteligrlvedf” i0pem Bp that the
mn{zg gssth&(fé& infoee é&ctioﬁ e%aepﬁ R ra"tlﬁa"f‘?steﬁﬁ‘atust@@ bi Y2l @flough the

gaseous formflows. Inan enbodi ment, the reaction
lines h&rabé L6'Gotophe sxbaushlitdd. ce for fornation of unstable
nol ecul es (e.g., radicals) with in the reaction
chanber. For exanple, the reaction chanber my
FigaIphoeethe cenfiguration & tlmi fsnfarsiag agasnstio ahthebeginning of the Si

0011613;;}1]135|¢t llfl.&v)%{n’ﬁ)% gag 'éfi‘ tse(:) ft%é as t n Q%t %rjg,seﬁ awcL %rgsgfnchrony with
thlﬁﬂbﬂaﬁ&a Rle@nROMRAIVE VB ape@ac mﬂ%h@aestraspeﬁbasfmn@ KAt UERY cach
adj usted to a user and/ or process desired val ue.

of tmse hhlmfﬁms Fuand &8 " dnrtherpovasied s Dpying the inggreal Krivingh the shutoff
val?eﬂ&S 8 819{ gl'(lj;@(ﬁ'lr L Yonili né dc nibo n{/bggsa Fm tf@ﬁ%ﬁ%gnt%ﬂﬁ%%%p&&d gas

power a pressure o
cylipderdBag fod widr fre raaacqnltreufr@m thethiae bl indmthe tige E-bgud is pulged into the

rea%rfﬁ)at E@'?eb r Yf %lgng\ﬁ;[h x%t%ge Th\fﬂﬁf]s% ré’Zp]ée i rtﬂl?e!xaggcﬁ‘g%@rbﬁ gﬁ he

apphedimatelg mdnbmokhﬁarrlmcbﬁ th)mlhximambﬂamihg cbrapound bh ére hiested surface
feedt r,ou t he | i,nto

h ted b h i L6. L6
of (iR R Gqublol B i st et 1BTE repit Py it P on

of the filmform ng apparatus 10 at the beginnlng of

the Sj, contaj ni ng conmpound .The shut of f,
Aftgrthe glispg-conlaingg semgoulid gas I?‘I%ng’g%gﬂﬂ’ 3?4 {ihpitpgeg gas puree is
carﬁ&f&@ﬁﬂr ABsing IIB@ slﬁ}%ff" eftdes W%' ahé oﬁégldgséheosﬁﬁtﬂﬁ@alv@\ﬁﬁse las $hown in

desired period of tine, the status of each of these

Figgigt d¥ffer thamv@gewsame\rbe unrgagted pilipon-eoptinirgrompapndgmaining
in tLQtl%aétBB Chater § Dis MG bted lgkp kg;ﬂ%' BP&% nl‘(r?rééﬁegayéld' the fARFIOr of the

I'con-contal ni'ng conpou gas
reagtiohichonber dhisagain mepstitvted bunirogensgasy| i nder 13 is fed
under flow rate control fromthe line L4 into the |line
LI and is pulsed into the reaction chanber 11 al ong
Figutet3hshowv¢ the gcmﬁggason dﬂthesﬁlpufoseing epsmaratus it thi eeginning of the co-

adsor, t|on nnno |l ecul ar
el PR 5 RIS S B A a e eery hisce
operation, the shutoff valve V7 is opened. After a desired period of time, the status of each of
these shutoff valves V7 and V7' is then reversed. During the interval in which the shutoff valve
V7 is open, the mixed gas of unstable molecule(s) and at least one co-reactant delivered in the

gaseous form is fed from the line L6 into the line L1 and is pulsed into the reaction chamber 11
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of the sem conductor wafer nounted on the susceptor in

the reaction chanber 11. After the silicon-containing
w@eooposmel gas pul se has been delivered, a nitrpgBEOSHas076810

purge is carried out by closing the shutoff valves V5

and opening the shutoff valme V5, as shown in Figure

1. After the nitrogen gas purge, the unreacted
alorgj mtltmmgco gasalmﬂ mgsw@ﬁﬁmm@erthml1¢mfcgntammgr¢emp@mdtadmbed on
v SRRt b SRS REV AR Bl 8P 0005

galn

chambiérdtl Iréaats@dthhye mixed ggef ugdle olgamtets) Bnditdewst dnl go-reactant

deli%%gJ hgﬁ%‘é@? f(ﬁlfg (&‘E?e %efgclétlloré%% %%]glllg(gl- an %ﬁ{;)l?ﬁt c%%lp%l(.').lhda andttljl'&]-:“armxed
gas shitisabk n\@éc\d&(syznd dt $eastlons edreadiaht resﬂltﬁy ﬂml’fbmwomm the surface
this, op atloP %he shut of f V?J i 35 AWJI
of the YyRisop 19 e g piiliqonrantainig i 4 18 o SRR AR
mofomiiRifar Mrves V7 and V7' is then reversed. During the
interval 1n which the shutoff valve V7 is open, the
m xed gas of unstable nolecul e(s) and at |east one
A sfh@orf &ﬁ?atﬂﬂ filedd déﬁfe@‘ilhlbl{l‘le:ish@foﬂﬂéiﬁﬁliﬁe §uPaEd df$hd Beidoh@IRor
[Tne L6 into the line LI and is pulsed into the
wafp@ydppe@hng:mw@pmmm)ﬁha stwrsmﬁ Ihiitrogss €as RysEs, 2)dlicgn-containing
|
conlgH] sl 3} B a e e ) L e B T R A Wlivery
of thvadoeneactrmtarhised gas ptlse agifmgepgas Puig is dawicd enidyi desingizanthuatoll

b bl B A TEEY B By RS 7, AR

purgdal([jﬁhctfﬁh By-ﬁ)ﬁﬁlﬂétk el t?é mixee gﬁ dfmﬁswlfb{mnlbajle{k)mgd atdegspaerredo-
an as unst abl e ecul e a
reacift Ao ered P s T e e P A O 1 A oxhated by
medild 6f @6 Riti@fer! F36 akPRt HERAHISH 1A reddibR hadfbell1 is again substituted by
_silicon-containing filmin the formof an
nitrageRd%i mat el y nononol ecul ar | ayer. A
silicon-containing filmof desired thickness is forned
on the surface of the sem conductor wafer g repeati ng
As gesenjher] ab@ysrpyilicopregntainesprapamdfhat s eaiepysyan @%He'bleﬁf@ére is
used s &l dxhnGpIe 'f&r%‘t‘hﬁ'tlgﬁ PG CROBR R 3 3p dﬁ‘rﬂt&ﬁho@ﬁ ¥ 1%Ir%% 3. In
gas purge and 4) co-reactants m xe ul se. After
an aligfnptierenboflinieni a @@ccpremtaam&compﬁ@ui tgeass 1pﬂylldsaé ampient

temghlja{uo F ?1.[3;\/ ?ﬁDEH{S/gﬁ n $s8d, th%Qch%ﬂtenmﬁdlﬁlleépéa@&)uE ls?ﬂelcon-

al ves openi ng t utof f - val ves
conggnigghampoiiml Iﬁasgsllilléaelntrqdﬁcteé lint¢ the resctionogpembeydd usigg a bubbler
r reac S,
o B G, CRAB RYB AAETSR55, v

con@und/gas egliridar IMogaaelﬁgures‘ btorh rrenhuhbilan guay e tlhmected to a branch

hnqtﬁ?%%hﬂgﬁf éag gj.a&ﬁﬁoq]i e vaEvF I’}ﬁl Sét r({gﬁ gz},se 3rr¥m% 1ne ﬂf“w erem
nitrddeni flona@s icfﬂl irRlgbRx lhﬁwﬁfﬂﬁhbhyd thrdugh g ﬁqlmg alﬁconﬁebndteﬁl(gdoh'@dund
and?ﬁ:c? tgﬁfﬁcgﬂf J:llag‘%ﬁrn & al n| %%108 as escn %d E)ltze%tousl;l? hggi%%?aljlf%e

carried out.

In an embodiment, one reactant may be introduced continuously while the other can be
introduced by pulses (pulsed-CVD regime). In such an embodiment, the formation of a silicon-

containing film e.g., silicon oxide film) in the form of an approximately monomolecular layer
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used as an exanple for formation using the
filmformng apparatus shown in Figures 1to 3 . In an
wa@bdaoensmsi ve enbodi ment, a silicon-containi ng PORPS200§076810
that is liquid at anbient tenperature, such as BDEAS,
may be used. In such an enbggli nent, gaseous
siliconcontaining conpound may still be introduced
ocdunitby firfténdueiag theadsoeftmnmoéthe iﬂjcmscmmalmng)cmlh;ioand This is

s BBl Y T RR o imPa P Ry PRI BRE AT it

surfade SthiiAcatiedt sgHstr&e which hak bedikeated b lastribed Yielo previously. An
. connected to a brancE line b anchegpoff u ?@ Ean1from
ineftigas (Foy sy AMRP, nitrpgen, gas }Stﬂﬂ"(’}g‘é g ueeg F‘iﬁchﬂ}ip‘i fpger prior to

delWRRREd ﬁhlhlotf&@g@etaﬁtmﬂecg@ﬁ (foydxam@R] anl&oﬁeayohgelbmb@h @sk). The

t hrough a I|g%|d silicon-containjng compound and fed
thogQyeh eﬁéwoa f e aisei-copteinies ¢ormpourddsorpsdpdheergesdthded

treMmEMIsPbRheY b BeQtrBnd BXYdiAfe £RbH bAfle S4bhe inlthe Alfked gas enables the
enbodi nent,” one reactant nay be introduced

formatian of asilisprycandiniag filme(ee. isbiconawidedm) i the tperm efjamgpproximately
)
moBifh e i I s, B ez eI C TR B ] e
thexidd@onfriedctipn inay pigecnt theadsofption oﬁppystqu \ﬁlﬂtuethy reaction chamber by
rs by first inducing the
theggsor Jﬁh§%m1%¥§£9?§%%§ cont ai ni ng conmpound. This is
acconpllshed through the dellvery of a pul se of

ont |n|n as_ ont
righid FiRBaRR ARG Lsmey F AFBT N ARl R MRS i REE 18
cord]ﬁ‘isﬁfgjl aksﬂliohemmnm@ te@w (au;ﬁlay ﬁl%ﬂayeﬂgifthegﬁﬁ d'jsfc[msei]d herein. The
anple, nitr s, t. use t
M b h M trblies Pt S b Eorigb8 8L el clecwode 102
ammhdomeﬁ@atng RINE 0030 T the RELHANAE Gate BN 19 ERAR dbod¥ YGER
m xed The thorough oxi dat

betgpen the, a@d&ﬁ andhihg gousesnhi8uhe lastgl&?qsgaéeowzﬂwpgw# abaye fie gate

101 "1 doh @BAERIHg fHMD BT AELaIBIO] sl INBAILY Ela@édzdnﬁﬁe 1At smis of
of the ozone in the m xed gas enables the formation

thegatgil0] austihe matehaat dleptiofe HIZ( Siligon-cantaining Alngsdilg érerqlqonifpomed
on {13 181 oM 10PdhadRpi:gx 1%t el y mononol ecul ar | ayer.

I'n addition, the inert gas purge (for exanple,

nitrogen gas purge) after the oxidation reaction may

In Q\L&ﬁ;g)ﬁhne%h %e%‘?émdefo ?Hlsagsegﬂér?&lﬂésﬁlts‘]qﬁéttﬁyﬁﬂo&ugﬁoﬂ'(ﬁﬂ%ﬁic%‘

the si on oXl been
corftggning ilm, lfaagluulerlﬂWhttd deposited wsingthg AHP procesy voith mtregst girge

betwcafn eachs %ga]cf: ?nn ﬂav(}% Y a&h@ fgnﬁ%iﬁg{gt(%{, é&oﬂ%él@g F%cheg?ﬂlttrlﬁggrm

ﬁlrhsllpehedolsmidctbehbttbmrcﬂ“ iarenchireSudEIhs masbesuseful hQAp-fill applications

o OB BB Bl e S5 ORGS0 108
out@N thdRvitied &1 a skdféce dnld @rayitea vh@drm Si-domaimingdayghove and in

between the drain 105 and the source 106. The net al
el ectrode 102 is deposited above the gate

To further illustrate various illustrative embodiments of the present invention, the following

examples are provided.

EXAMPLES
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101. Silicon-containing films 103 such as SIQ2 filns
are laterally placed on the |ateral ends of the gate
waomastst he netal gate el ectrode 102. PCT/US2008/076810
Silicon-containing filnms 103 are al so deposited on the
top of the source 106 and the drain 105. In an
enbodi nent, the nethodol ogy di sclosed herein results
Thé filnt-foemipg eppacatisold sbéwmindiiguiresohnio Srwaausridrig theiflpwing Examples
lAH@rtlcularly when deposited using the ALD process with
ni'trogen purge between each injection, having a very
hlgh confornallty (i.e. EXAhﬁﬂﬂmlAlty to dep03|t

he, t op_and. t QttQ rench
A 4ok PP e R g P o St B g TRE B er ves
hedteito 6@PAC Al smicsm ekide timpdas ﬂ‘oﬂﬁecbbynapmmqgmdmmbmpﬂm@he steps of
menory DRAM filos fill qut_ all the
D igaep e B Slipdnarontaing °|8P‘89‘1“Hlega%1p ¥ f1gHifpeen gas purge, and 4)

ozoRk +&RPde Infikd¥ak PYISS as dEQribél HeR@H prieVibukit distip@he/RIIbPIME conditions:
illustrative enbodi nents of the present invention, the

1) f ol NGRRHLAERYEP| es are provi ded. EXAVMPLESThe

fil rés@ﬁmmqﬁ@@a&fou%hal&eﬁhqw in Figures 1 to 3 was
used in the followng Exanples I A-F. EXAVPLE I A A

si | 1nisegengnsieeddew s 134 a@d on the susceptor in the
reaghi Qﬂ;{p e wafer was heated to 5000C.
rfIC n%o d%rtﬁ%@%agq

A si mwas forned by repeating a cycle
2) coniticairavgtainirg comppendagas pylseni t r ogen gas purge, 2)

S '"%stur%%%fhtﬂé%ctﬁ)ﬁ'&i’a‘%mg 4gs pulse, 3) nitrogen gas

+ 0xygen m xed gas pul se as
descSucbmdmmdrges hispliethy lovisb)gilans (BIQEARE gds0l | owi ng

con i tr n._gas purge pressure within the
reag[%lﬁ%‘g R %%di{l\l (t)‘rtggrscrcglﬂ nitrogen gas feed flow rate:
130. BEAS polsé tiagersegmd purge tine: 6 seconds 2)

Si | | con-cont ai ni ng conpound gas pul se pressure within
3) t heNiOBEL§8 AW Ehanber: 3 torr Si conpound gas:

bi s{gtRtBWiMiH hOdadtloadBantBDBEAS) gas BDEAS gas feed
flow rate: 2 seem BDEAS pulse tine: 1 second 3)

Ni t Tfegen gastepd fiqperate: 130 scem

* nitrogen gas purge time: 6 seconds
4) Ozone + oxygen mixed gas pulse
» pressure within the reaction chamber: 3 torr
» feed flow rate of the ozone + oxygen mixed gas (5% ozone conc.): 20 sccm

» mixed gas pulse time: 2 seconds

EXAMPLE 1B

A silicon wafer was positioned on the susceptor in the reaction chamber 11 and the wafer was
heated to 550°C. A silicon nitride film was formed by repeating a cycle comprising the steps of
1) nitrogen gas purge, 2) silicon-containing compound gas pulse, 3) nitrogen gas purge, and 4)
hydrazine + ammonia mixed gas pulse as described herein previously using the following
conditions:
1) Nitrogen gas purge

» pressure within the reaction chamber: 3 torr

* nitrogen gas feed flow rate: 130 sccm
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pressure within the reaction chanber: 3 torr nitrogen
gas feed flow rate: 130 seem nitrogen gas purge tine:

we2@e0ames 4) Ozone + oxygen nixed gas pul se PCEESH0E076810
within the reaction chanber: 3 torr feed flowrate of
t he ozone + oxygen m xed ga® (5% ozone cone): 20 seem
m xed gas pulse tine: 2 seconds EXAMPLE I B A silicon
wafsaitrogers gg3@seigeitioned sewondshe susceptor in the reaction
chanber 11 .and the fer s heated to 5500C. A

2) si Isﬂg%'c?ﬂ]f‘l'?’fl%lém?’w‘}rll\ﬁ%\%%p Ormed by repeating a cycle
comprdsSireigithinehestpsn cifambyr: Btdrr ogen gas purge, 2)
sili,con-containing c ound. ga uls itrogen gas
o B agERne Ftrbust FB bR el B G AR e oS
des@phesighatdiwparvl ausl y using the fol I owi ng

conditions: 1) N trogen gas purge pressure wthin the
r ed PR BsERg: S?Oggrr nitrogen gas feed flow rate:

3) 130Nigg@mphi FRGEN gas purge tine: 6 seconds 2) o
silicon-contarl ni ng conpound %as pul se pressure within
t he Prasae WEhindheagiséipn clmmbgi 217 | | con- cont ai ni ng

COWH@H%% 9%%éedkﬁo$~(lq{e.eijﬂysl:@}m no) si | ane (BDEAS) gas
BDEAS gas™feed flow rate: 2 seem BDEAS pulse time: 1
secaonithgs) gadipurasdiore: 6sesonlsr ge  pressure within the

4) ;Z@f&%%%%mﬁﬁém&ehgées@ukem trogen gas feed fl ow

seem nitro gas purge tine: 6 seconds 4)
Hy chrpagsbure withianinomactiomthasbegddorpul se  pressure within

the reactio anber .. 3 ro.f t
e SR B RTOR o A AR OB
» mixed gas pulse time: 2 seconds

EXAMPLE 1C

A silicon wafer was positioned on the susceptor in the reaction chamber 11 and the wafer was
heated to 500°C. A silicon oxide film was formed by repeating a cycle comprising the steps of
1) nitrogen gas purge, 2) silicon-containing compound gas pulse, 3) nitrogen gas purge, and 4)
oxygen pulse while switching on a plasma as described herein previously using the following
conditions:
1) Nitrogen gas purge

s pressure within the reaction chamber: 3 torr

» nitrogen gas feed flow rate: 130 sccm

» nitrogen gas purge time: 6 seconds
2) silicon-containing compound gas pulse

» pressure within the reaction chamber: 3 torr

» Si compound gas: bis(diethylamino)silane (BDEAS) gas

» BDEAS gas feed flow rate: 2 scem

* BDEAS pulse time: 1 second
3) Nitrogen gas purge

» pressure within the reaction chamber: 3 torr

» nitrogen gas feed flow rate: 130 sccm

* nitrogen gas purge time: 6 seconds
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m xed gas pulse tinme: 2 seconds EXAMPLE 1C A silicon
waf er was positioned on the susceptor in the reaction
w@b@pbensitl and the wafer was heated to 5000C. PGYT/US2008/076810
silicon oxide filmwas fornmed by repeating a cycle
conprising the steps of 1) 2 trogen gas purge, 2)
silicon-containing conpound gas pul se, 3) nitrogen gas
4) pur@:ef,gclamds%) oxygen pul se while switching on a plasma
as descr er el i previ Ly using the follow ng
cond’r?ss'“g ‘-‘{HT NS (élhamgl]%g%ﬁé{u? ge pressure within the
readtadddm“cﬂaardﬁdfe oxPeehomiked gak:t20egen gas feed flow rate:

130 seem purge time: 6 seconds 2)
si | ioé%g?p%lﬁ?é g"ﬁﬁc‘g@sﬁpound gas pul se pressure wthin
t he pigaapbeer :chtewber: 3 torr Si conpound gas:

bi s(di et hyl am no) si |l ane (BDEAS) gas BDEAS gas feed
flowrate: 2 seem BDEAS pulse tine: 1 second 3)

Ni trogen gas purge prgssAM@®LW i n the reaction
chanber: 3 torr nitrogen gas feed flow rate; 130 se
A slicot wg%hwwmaaw&@ntﬂﬂwsceet%@élaﬁfaaﬁﬂ?n eharent e e Walcr was

hea&ﬁ%&%ﬂf’@ W sﬁlﬁbﬁ‘ iR @Ak T&ﬁe@ﬁﬁfé’ﬁ@d’tmg o d'oml:fn@lﬁg the steps of
low rate of the oxygen nmixed gas: 20 seem oxyge

1) rptmg@@ gasipyege, 2 siisevAeHainipg sEMROURbEIS WULS%@GHWWR‘E% pnd 4)
amflonih L'llgeo\phlr]é@s(n@tﬁhlwgqn Q@gﬁﬁdﬁ&%f&@ 04U Heln Hﬁ&%@t Ringlthe foh@wmg

reacti on chanber er was heat t o 550
conditiend:i con nitride filmwas fornmed by repeating a cycle

) SOTRRLRNA bl P of U it romen ges purge ) |
pursgecssaa erithin the reaction chamber: 3 tort
» nitrogen gas feed flow rate: 130 scem
s nitrogen gas purge time: 6 seconds
2) silicon-containing compound gas pulse
« pressure within the reaction chamber: 3 torr
» silicon-containing compound gas: bis(diethylamino)silane (BDEAS) gas
* BDEAS gas feed flow rate: 2 scem
* BDEAS pulse time: 1 second
3) Nitrogen gas purge
« pressure within the reaction chamber: 3 torr
* nitrogen gas feed flow rate: 130 sccm
* nitrogen gas purge time: 6 seconds
4) Ammonia pulse
* pressure within the reaction chamber: 3 torr
« feed flow rate of the ammonia: 20 sccm
* mixed gas pulse time: 2 seconds

* plasma power: 350 W

EXAMPLE 1E
A silicon wafer was positioned on the susceptor in the reaction chamber 11 and the wafer was

heated to 150°C. A silicon oxide film was formed by continuously flowing oxygen in the
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ammoni a pul se while switching on a plasma as descri bed

herein previously using the follow ng conditions: 1)
WORMPOZRAL gas purge pressure within the reactP@RUS2008/076810

chanber: 3 torr nitrogen gas feed flowrate: 130 seem

nitrogen gas purge tine: 6 Zeconds 2)

silicon-containing conpound gas pulse pressure within
reagtion chasabet 1loandabrentyeg a cyslecomprising the #ens-of dvilitionicagfaining

corfBEUR0851 RS O AL AIE (FEEASL ey
pregiewshnaing)thdNiotlowipe nogldmnpur ge  pressure within the
tion itrogen gas feed flow rate:

0 reagti ol n%ha.rrber: o?ﬁnéogsr ups

130" E-EHYHIPE SYRI UG8 PUrGe time: 6 seconds 4)
Anmgidsaurp withia thqxefsion cleambet: hitsir t he reacti on chanber: 3
torr...feed flowrate qf the nia:. 20 i xed
gas Siicegorninge g s R ERan Boudime BB AN ke e

| E +/BISEAS aaFestierfov rawe3 sq@si ti oned on the susceptor in
the reaction chanber 11 and the wafer was heated to
150FREAS BYlsG tHBH L6%5°88 il m was formed by continuously
2) f1 ovirBgbnQ@uyBfRe i N thereaction chanber 11 and repeating
a cycle conprising the steps of 1) silicon-containing
corfptspite wisindha reectiopyhamber: 4¢¥h gas purge, and 3)

sw.tnqtmgﬁlggégrfe@ifmwaﬁ@lﬁﬁscgﬁscri bed herein previously
using the follow ng conditions: 1) silicon-containing

cortpdienzdn gRipuragitisne: 6 pacerdsure within the reaction
3 ch flaonltorr Silicon-containing conpound gas:
bi s(di et qul am no) si | ane ( BDEAS) gas
» pressure within the reaction chamber: 1 torr

* plasma on time: 2 seconds

* plasma power: 100 W

EXAMPLE 1F

A silicon wafer was positioned on the susceptor in the reaction chamber 11 and the wafer was
heated to 500°C. A silicon nitride film was formed by continuously flowing ammonia at a rate
of 20 scem in the reaction chamber 11 and repeating a cycle comprising the steps of 1) silicon-
containing compound gas pulse, 2) nitrogen gas purge, and 3) switching on a plasma as
described herein previously using the following conditions:
1) silicon-containing compound gas pulse

» pressure within the reaction chamber: 1 torr

» silicon-containing compound gas: bis(diethylamino)silane (BDEAS) gas

* BDEAS gas feed flow rate: 2 sccm

s BDEAS pulse time: 1 second
2) Nitrogen gas purge

* pressure within the reaction chamber: 1 torr

» nitrogen gas feed flow rate: 130 sccm

« nitrogen gas purge time: 6 seconds
3) Plasma on

» pressure within the reaction chamber: 1 torr
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BDEAS gas feed flow rate: 2 seem BDEAS pulse tine: 1
second 2) Nitrogen gas purge pressure within the

wo e@onsnm chanber: 1torr nitrogen gas feed fl|POI/D81068/076810
130 seem nitrogen gas purge tine: 6 seconds 3) Plasma
on pressure wthin the reaziion chanber: 1torr
plasma on tine: 2 seconds plasm power: 100 W EXAMPLE
| F *Alasinajon timewaisespndaas positioned on the susceptor in

t he LoL- shipqper 11 and the wafer was heated to
SOOdﬁgﬁﬁkb&g}gon nitride filmwas forned by

conti nuously flow ng annnnia at a rate of 20 seemin
the reaction chamber X%?ﬂ’lf |ng a cycle
conprising the steps o I‘concont ai ni ng conpound
A sgaSn -pontding Ahm wad mng@ms@gmeﬂmdgmnlaatmdhﬁ)ieswibdddh Ergmides 1A-
s de crib n. pr.evi,ous usi t he s
F, DBy Gy O PR SR S TR A SUGHE MV T R RE Sl prqviti
the BaGtidhsgber %SWE@M&HEU@OPGZIG reaction chanber: 1

torr silicon-containing conpound gas:
bi s(di et hyl am no) si |l ane (BDEAS) gas BDEAS gas feed

flow rate: 2 seem BDEASARWIFE3IAI™®: 1 second 2)
Ni trogen gas purge pressure within the reaction

A sliganrpriyiaining filgp pas formgdgiging agapghod sisgflap FO&wtrdS%cebedfs Gixamplpy 1A-

F, HoWel @980 AR vpdltgr g\%s hé®Rb ty%la%ﬁlg %Céﬁlcéﬁ wgfe@&me @lﬁbceptor within
pressure wthin the reacfion torr paSI’m on

the pgaption chargler d dhat wpt egied LR - 350 W

The thickness of the silicon-containing film was measured at each cycle in Examples I to 3
(Example 1 was carried through 50 cycles). A silicon-containing film could be formed in
Examples 1 to 3 with good thickness control, without an incubation period, at a rate of about

0.8-1.5 A/cycle.

In addition, FT-IR analysis was carried out on the silicon-containing film produced in Example

3 after 200 cycles (wafer temperature: 300°C).

EXAMPLE 4
ALD deposition of SiO; films using BDEAS and ozone was investigated. Films were
successfully deposited on silicon and iridium by ALD using BDEAS and a mixture of

ozone/oxygen, using the film-forming apparatus as shown in Figures 1-3.

The chamber was a hot-wall reactor heated by conventional heater. The ozonizer produced the
ozone and its concentration was approximately 150 g/m3 at-0.01 MPaG. BDEAS
(Bis(diethylamino)silane, SiHa(NEty),) was introduced to the reaction chamber 11 by the
bubbling of an inert gas (nitrogen) into the liquid aminosilane. The experimental conditions
were as follows:

» 7.0 scem O3

* 93 scem O3

» BDEAS: 1 scem i(n the range of 1 to 7 sccm)
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EXAMPLE 2A-F A silicon-containing filmwas forned
using nethod simlar to that described in Exanples

wo 2669/0bmadever, the silicon water was heated byP@i/E81008/076810
the silicon wafer on the susceptor within the reaction
chanber 11 that was heated t® 4000C. EXAMPLE 3A-F A
silicon-containing filmwas fornmed using a nethod
sinYNﬁﬁOMDnmhat described in Exanples | AF, however,

N, wat.er 1 b acing the si i con

vvaf efem&’ﬁralﬁ ERCe be g?nhz\%ﬁt(ﬁg"d% (21: reaction chanber 11

t ha-tOpmlngpaasm:b tlcroaqm&m: rafgesnfORitcElesy of the

siligcon-c nt n sure at each cycle in
et oy fings Aot HA Bk Hhougn b
cy o B)numbersifcid@nva eypiailnsen e dodlcpelesoul d be forned in

Exanples 1to 3 with good thickness control, w thout an
i ncubation period, at a rate of about 0.8-1.5 Alcycle.

Expefinfld weteQer fofmed! ilRomiBath Yiste SniM@Sints dhdradétisOett sudNastdBosition rate,
silicon-containing fil mfﬁroduced in Exanple 3 after

deppgitiorigmperatuyea g aualiyap (Hn semposiiie C) . EXAMPLE 4 ALD
deposition of SiQ2 filnms using BDEAS and ozone was
i nvestigated. Filnms were successfully deposited on

SiGsifiling were degebsited apiathe Biywaterdt &@]°Gg25BE§EA90%‘n ASEC ek 49PC. The
depoFllteg %'(])rgse dlg)r(lglﬂfelcgtslde c?igb%g ?{ﬁl{? 041&1 eoﬁcﬁr( r@g gg irﬁ%{f}f}{ V\%ﬁ%lé? ar%%sis.
r eact or heat ed by conventional heater. The ozonizer

t.he.ozone and cancentrati
IS STt B § 0o ot Sog AR sk BreRaSo. 00, and 900
cyc(eBldS[g@itleﬁ Feyts patid m&%@pbﬁmsl@ghﬁi\ﬁﬁé %)eg%eld\lﬁ%ait ;htefe@@&sl oegligible
e reaction c er t he, .bu | N niInert
inc RO fnt-r BRRHOTS RPN YeFe AR It R SR tghseora A postible
0x1&éﬂ@ﬁ bfme el cl6QRMdE.t T BugerpBfiR Shdva d sHuYp interfiRe SERBRAALD SiO;
seemi(n the range of 1éo7see : 50

andsle@ﬁm w’%%ﬁra@r\ablah BESSRY th n%‘ﬁ%@ﬂ asigp pes ehservabooc

Qperating pressure: 1 Torr (in the range of 0.1 to 5
Torr) Purge and pulse tinmes were typically set at 5
seconds each. EXAMPLE 5

ALD deposition of SiO; films using silylpyrrolidine and ozone was investigated using
conditions similar to those described in Example 4, High quality films were obtained at a

deposition rate of 1.6A/cycle at 1 Torr between 300°C and 350°C.

EXAMPLE 6
ALD deposition of SiO, films using diethylaminosilane and ozone was investigated using
conditions similar to those described in Example 4. High quality films were obtained at a

deposition rate of 1.4A/cycle at 1 Torr between 250°C and 300°C.

EXAMPLE 7
ALD deposition of SiN films using silylpyrrolidine and hydrazine was investigated. Films
were successfully deposited onto a silicon wafer using ALD by alternatively introducing

silylpyrrolidine, N», and a hydrazine/ammonia mixture.
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The nunber of cycles was typically set to 600 cycles.
Experinments were perfornmed in order to determne filns
W@ hb@pagwer i stics such as deposition rate, depoBRCT/US2908/076810

tenperature, filmaquality, and filmconposition. SiQ2

films were deposited onto the Si wafer at 2000C,

2500C, 3000C, 3500C, and 4000C. The deposited films
Thel¢tgmber wasradiotrrell bdploigacser hehted ireepnsrntiona heaiert §ilgpyrrolidine
el B SR AHRLG IR, B g AR BN TAGH B HRL B 1R ghifosine.
ThaepedBentadwohdigond eposistiolowst est s) and t he deposited

Sic?%ﬁ“%ﬁﬁw mE%eCheCked so that there was negligible

i ncubation-tifre. Depositions on iridiumwere perforned
i n ofdesccthanmisér ve t he possi bl e oxidation of the

met al. el ect.r.ode. The Auger profile shows a sharp
inté??ﬁ?gohéPﬁgéﬁmﬁLD SiO and iridiumsubstrate, which

suggesteecirhat no netal oxidation was observed.
EXANMPLE 5 ALD deposition of S Q2 filnms using

sily %vFFQFFEmﬁ@ggﬂﬁmskgWégWﬁgéﬁﬁiestigated usi ng
CONdbpdrS pedsslird:arTonQi thoBRgdeICr to3embm N Exanpl e 4.

High quality filnms were obtained at a deposition rate
of 1PuRy glphlse Hmes e yPiraTVeE At SFOES sl 3500C.

, ufib@Ld? am&stt%ﬁwl?fset%@c&&km usi ng ,
di et hyl am nosi [ ane and ozone was investigated using
conditions simlar to those described in Exanple 4.

. | ohy + . i .
T R B B P D A EP IRl LA Bk Firogen
accBddiigrb Bn ih-gdepih Alegsoarialyision of Si N fil ns using

silyl pyrrolidine and hydrazine was investigated. Filns
were successfully deposited onto a silicon wafer using
ALD by alternatively i ntBEXAMELES si |l yl pyrrolidine, N2,

and hydr azi ia.mx The .ch I s a .
PR Ear Ao e ai ALy e BT At Rgfhonis vas
inve@ighted.. Filbhd wirp yuccaefulle dep@siteld oh sididarcethgtAd 1 by aatieudnyly flowing
t he, bubhlin f.an,iner ni.traogen) intao the
ampiogaaR Sty o USSRt ST bl YishBE pp pgems
poRé. Skt MeammoRialleHe@tpbyicimad Meery ShortdifaRermienioattiction of the
pla?r{wll,)l/llo% rrgg: gfltér%llenpelésm]é isS se“(?ltrz:]lec{\cl)sz wgsonegc?e%mhereby reducing the cycle time

and improving the throughput.

The chamber was a 6” PEALD commercial reactor. BDEAS was introduced to furnace by the
bubbling of an inert gas (nitrogen) into the liquid aminosilane. The experimental conditions
were as follows:

* 100 sccm ammonia

* BDEAS: 1 sccm

¢ Ny: 50 scom

+ Temperature ranging between 300°C and 550°C

* Operating pressure: 1 Torr

* Plasma power: 350 W

» Purge and pulse times were typically set at 5 seconds each.

» The number of cycles was typically set to 400 cycles.
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Tenper ature rangi ng between 3000C and 5500C Operating
pressure: 1Torr (in the range of 0.1 to 5 Torr) *Purge
w@eaopsd2se tinmes were typically set at 5 seconPGT/Es20h8/076810

The nunber of cycles was typically set to 600 cycles.

The resulting SIN filns wer® obtained on a silicon

waf er and did not contain carbon or nitrogen according

to an in-depth Auger anal ysis. EXAMPLE 8 Pl asna

i £ et e ‘

AR AR e e G008l kg Pl BB orniteogen
accadogesaf intdepthdegesinalysis.on silicon using ALD by

conti nuously flow ng ammoni a and alternatively

i ntroduci ng BDEAS, purging with N, and sw tching on

pl asma power. Since theEXAMPILB9derived species have a

y, short Lifetinme af e extinction of the._.
PEX Rl i obtiog Ty vsiie HERA e S e Risatid o ims e
sucteeiiRddepbdird epYilit@didhie 20D Becayloasly fwingRey doiRAdMichGtively
. the, throughput, Th?ﬂﬁ:ra er was a 6" PEALD co rcial
intrpduging DL gt Ba prdATAERing Bn plasmRosepySipgrdhe oxygen-
derRbPRetiBORE a aaﬁlsw fife@AS aftdd tHeeR@RAIn bMEOpIhdd, hd fbtbdafter the
am nosi | ane. The experinental conditions were as

plagngg ip ifitehed off isqweded aisrisinedhe apiAige and resiore Npproyog Yeem

througfgeer at ure rangi ng between 3000C and 5500C
Operating pressure: 1 Torr Plasma power: 350 W Purge
and pulse tines were typically set at 5 seconds each.

T 0 '
o Sp %51 o Y Sl PUpRE S Sy oAl e o e
bubblihg af@n ingeifgas (nitrogen)iinko thet liqowirmmanasilaer Bbaexperimental sgaditions
weraccEOBgi Ng to an i n-depth Auger anal ysis EXAMPLE 9

PEA Vc‘fe‘posi tion OSiOfilnms using BDEAS and oxygen

was Onvéstdngat ed. Fil ms were successfully deposited on

sil] si ng ALD by continuously flow ng oxygen and
2l U eieg
* Nj: 50 scem

* Temperature ranging between 100°C and 400°C

* Operating pressure: 1 Torr

* Plasma power: 100 W

* Purge and pulse times were typically set at 5 seconds each.

* The number of cycles was typically set to 400 cycles.

Si0; films were obtained on a silicon wafer and did not contain carbon or nitrogen according to

an in-depth Auger analysis.



10

15

20

25

30

i ntroduci ng BDEAS, purging wwth N, and sw tching on

pl asma power. Since the oxygenderived species have a
waeoy/osnert lifetine after the extinction of tPEI/US2008/076810

pl asma, no purge after the plasma is switched off is

needed, reducing the cycle 29ne and therefore

i nproving the throughput. The chanber was a 6" PEALD

commerci al reactor. BDEREAMBLE M roduced to furnace by

PEM]% lﬂ@@g@ﬂioh NG i uhﬁg EbEQ@»San& Hft%%&ﬁsﬁ)ln E]tﬁq(ateh.h ilms were

am nosi | ane. e experi men condi t1ons wer e
sucasssfutly Hepnsited OR 51i0e tssfeemLIBb)Emtimlousle dlowirlgitrdpon sk m

0
alteﬁnaggeel& mttrlcj)(riﬁcn%goai?l%ﬂgl pur k ﬁ‘h& gg‘fﬁ’%{&g\f’égg 88@m§ﬁc§£’ {ﬁge the
nitfopemederivet petiyytiacad vory stetrt lﬁttuﬁe aecthn dstlrea@’nof theT}H&'sma no purge

o LRy B A0

theGIRBilighbi. car bon or nltrogen according to an in-depth
Auger anal ysis. EXAMPLE 10 PEALD deposition of SiN
films using BDEAS and nitrogen was investigated. Filns

Th\EfaBib&UeEaSSPEALY) daResiilieshc@n BDEAS Mas ikoletedidFultce by the
continuously flowing nitrogen and alternatively

bubblpg @foﬂncm%‘ggasmagenmwghwuw gpinggglancy e §Wef1@ﬁ1“ﬁ]g°°ﬁﬁl1‘“0n5
weglag%mgwg_omer Since the nitrogen-derived speci es have
Eﬁ% short lifetime after the extinction of the
EAROL Sﬁemge after the plasma is switched off was
nee d s¢ ed ’IP]{CI ng the cycle tinme and therefore
In"pI‘OVI ng the throughput. The chanber was a 6" PEALD
c onmEsmpierdture gaging betwBBERS Gvaisl 35At¢ oduced to furnace by

t he, [ ert gas (nitrogen) into the
[ qu(g%ﬁng!r?ﬁﬁges r%ﬁenronj'?'he experinmental conditions were
as fRlhdnevwer:BBEAS: 1 seem N2: 150 seem

» Purge and pulse times were typically set at 5 seconds each.

* The number of cycles was typically set to 500 cycles.

The resulting SiN films were obtained on a silicon wafer and did not contain carbon or nitrogen

according to an in-depth Auger analysis.

EXAMPLE 11

CVD deposition of SiO; films using silylpyrrolidine and H,O, was investigated. Films were
successfully deposited on silicon using CVD by continuously flowing silylpyrrolidine and
H,0; using the following conditions:

* silylpyrrolidine: 1 sccm

* H;0;:10 sccm

* N3: 20 scem

* Temperature ranging between 100°C and 500°C

* Operating pressure: 300 Torr

Si0O; films were obtained on a silicon wafer and did not contain carbon or nitrogen according to

an in-depth Auger analysis.



Tenper ature rangi ng between 3000C and 5500C Operating
pressure: 1 Torr Plasma power: 450 W Purge and pul se
W poves3eer e typically set at 5 seconds each. HA¢EUS2008/076810
nunber of cycles was typically set to 500 cycles. The
resulting SiN filnms were obs@ined on a silicon wafer
and did not contain carbon or nitrogen according to an
i n-depth Auger anal ysis. EXAMPLE p CVD deposition of
SiOfilms using silylpyrrolidine and H2ZQ2 was
WHil@%ﬁ%&dl&@ﬁt? BrtnE inlvgﬁﬁloﬂ’ﬁé\% RUESHERE b de¥crfhe® IRl difRdti@R thereof can

I't con using CVD by continuously flow ng
be mlaﬂ%/bymﬂﬂ IS]@ﬂ?CHlnrﬁl@ asiditheapQRpyEng fom Khe spisit pn@;\,@pq@@mgs of the
mv&@[&q gh@&ﬁbrﬁdl nltycie?%{bgt? éﬂdﬁgﬁ%amgleg E;%mde ed 10%%% egﬁ{gﬂl‘iry only,
ancB@é)@@thmled a‘tberigmpmg S¥anyerarid@ps aiskmodiiiaagiorsi af ﬂ's iNwsnigon
dlsc(:)lPsea I}I%I‘Flél are Og%@lo lrahdcf 28 vs}t{\{g{nglﬁ]e s%ﬁ& a"glgféﬁ&%t‘%@? n/{c%bnr&in%@: ng rs]cope
of pro@btiomi 1$ndt\hrrilted Byrthe desmapttc& setfout dbeve, butemnonlp tinlited/ by the elaims

R R e T e T e

spirit and teachings of the invention. The enbodi nents
descri bed and the exanples provided herein are
exenplary only, and are not intended to be limting.
Many vari ations and nodifications of the invention

di scl osed herein are possible and are within the scope
of the invention. Accordingly, the scope of protection
is not limted by the description set out above, but
isonly limted by the clains which follow, that scope
including all equivalents of the subject matter of the
claims. CLAIM5S What is clainmed is: 1. A nethod of
formng a silicon-containing filmconprising: a)

provi ding a substrate in a reaction chanber, b)
injecting into the reaction chanber at |east one
silicon-containing conpound,;
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C) injecting into the reaction chanber at |east one
co-reactant in the gaseous form and d) reacting the

wa@awsosese, silicon-containing conpound, and PCT/US2008/076810
co-reactant in the gaseous format a tenperature equa
to or less than 5500C to ol#lain a silicon-containing
fil mdeposited onto the substrate. 2. The nethod of
clai m 1lwherein the silic&id-AA¥H ai ni ng conpound
conprises an am nosilane, a disiliylam ne, a silane,

WM&Gs&&HEBﬂ@t'onS thereof. 3. The nethod of claim2

rein the am nosilane conprises a conmpound having

ot he\ fmethadibEfomRAR2 siNjon-@nidihing Hmrceinprifiigiand R2 are

| ng g%@ﬂﬁg%‘ Mbskate G a %a&}oﬂ%%mbe?r anched or cyclic

car’ in, or a si 'such as trinmethylsilyl,

an d)) Jojdcingintdbe redction cﬁambtbr aﬂltmt crmtsﬂuo@h -gintagtlieg enngpound;

h h
th é’lj ﬁbegﬂﬁ @toﬁtﬁn réo {OE &H%bg aé = Lds -re%%gﬁdy Hg ﬁ%}éusnfgrm and

amdm Ebabtirxgal‘iﬂ.‘isuaﬂdzt@; 5111&)nedohfamling1:0mp0t21d nd cﬁhtalctmt ihae gageous
aim2 wherein. t |ses a_.coppound .
o A P PSS U LB 53 LR GRSy o HER B gt
ontd Se kudependently H C-C 6 |inear, or a branched or
cyclic carbon chain, 6 . The nethod of claim2 wherein
the silane conprises a conpound having the fornul a
2. (SiHe hitbhoWiof Blaith £QABEINIRGIIREEWEREIniAg @(ﬁﬂfo‘ﬂmd E%)rb&lsssgan
sel ected fromthe Proup consi sting of 0]
amigesimpeza digilizlamag-a sifage, jqp condyipptigpgfhespof. 7 The rret hod of
claim1l wherein the co reactant conprises an
oxygen- cont ai ni ng a nitrogen-containing gas,
3. gasiheoreghod of plginbdw ergmylg'eqmlmdawwm@@ﬁa C@ﬁpwnﬁf‘%tlmﬁtbe
c r ) [
forfil REE )< S b RS P R YRGB, CO2E bl bl or
cycloempransbhain,ox o vyl gooupgash, as vvan%hylwb(b ond x Ispithasdem 2
per oxi de, or conbi nations thereof. 9. The nethod of
claim7 wherein the nitrogen-containing gas conprises
4, anmiihainsethodiof claiged whéryidlazinnagsilare compiisen atoropsind havigrthe
hod . of m 7 mhere n the, m xture of gases
forl bl VARG 50 G oo oot ATl b 7 O 3
wherei n the co-reactant conprlses nitric oxide. 12.
The et ur risin ener at.i a.
5. co HEReARACT oot PErHY G BrpRsasSrag gts0stafines
havihg thelfo @B {INgY, NI whkrdinR id &d%ﬁﬂ@ltlf/l Hgeney, Ahdan @r & BRnched or

co-react ant COITprI SeS exposi ng an
cyclic carbon chain,

6. The method of claim 2 wherein the silane comprises a compound having the formula
(SiH;3).R with n comprised between 1 and 4, R being selected from the group consisting of H,
N, NH, O, SO3CF3, CHy, C3Ha, SiHp, SiH and Si.

7. The method of claim 1 wherein the co-reactant comprises an oxygen-containing gas, a
nitrogen-containing gas, a gas comprising both oxygen and nitrogen, or a mixture of gases

comprising both oxygen and nitrogen.
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oxygen-contai ni ng or nitrogen-containing conmpound to a
pl asma under conditions suitable for the generation of
w@x00908926r nitrogen radicals. 14. The net hod oPCTIUS1008/176810
further conprising purging the reaction chanber with
an inert gas after steps a,3®, c, d, or conbinations
thereof. 15. The nethod of claim 14 wherein the inert
8. gasThe omdroido€slaim ¥ mberein, thearxygam-conminingrgas compreadhiaced, ovygsn,
tt hereo{l. 16. The et ho .oft. Cltﬁi m further conprising
walpryBRdf MO 8EEXIRY OF B AIRES e desi r ed
silicon-containing filmthickness is obtained. 17. The
met.hod of claim urt her .conprisi.ng heating the :

9. g o daie? pbein G G R BRI TR 35 fopigitses armons,
nitrbgdh! 1B/AHES Ik QR chfibfiteont @R&bE.ON chamber prior to carrying
out steps b), c), and/or d). 18. The nmethod of claim

17 wherein the substrate is heated to a tenperature
10.€qUfHe nfebhoRlof LERS 7 WRARintREMXBRC b1 QA8ks CHAPIRRE ammonia and oxygen.
tenperature.19. The nethod of claim 1l wherein the
substrate conprises a silicon wafer (or SO) used for
1.t Neryan IRk Uafin P lvnSeRARAEELAN cAifHsGSric bRMET S
deposited thereon, a glass substrate used for the
manufacture of liquid crystal display devices, or
| aver i .2 . L
12, e AERT L 11 WA schBuE AEfalhn Spibink oxygen
or nifrageoraglicalsed i nj ection of at | east one of the
conmpounds and/or gases. 21. The nethod of claim
Iwherei n pul sed chem cal vapor deposition or atomc
13.1 ayBie nthepdif tiaimm 11 sherein peeehtiag theico-réab@ant ceaptikas exposing an
chanber... 22. .The nmet hod of claim 1 wherein .. .
Oy G e e TR G A PP 9 4 RESIALHG Py uitable for
the GRRROUNOf Myer! diitkged @AChlaNt i n the gaseous formis
carried out in the reaction chanber. 23. The net hod of
claim1 wherein alternate injection of the
14.S1 | THR QR Blaith 1 Sur@eNRapRsn2 Perdi8hERadRAChMer with hRert
gaseous formis carried out In the reaction chanber.
gaspiier stepea.bet.Hotr Gmbiatemterigher ei n t he
silicon-containing conpound or the co-reactant in the
gaseous formis adsorbed on the surface of the _
15. subBemgthodmf ploim { whereinithe) iegrt a6 poraprisghietrpgon, asenno beliven, or
@g-ﬁy— ast one co-reactant in the gaseous form
cong’ tl%setﬂér{%%fﬁod of claim1l wherein the
silicon-containing filmis formed at a deposition rate

65F SR g B e 9 i PSS

silié@niot@ini@@Dmttidcknegsli8obtained.

17.  The method of claim 1 further comprising heating the substrate in the reaction chamber

after its introduction to the reaction chamber prior to carrying out steps b), c), and/or d).

18.  The method of claim 17 wherein the substrate is heated to a temperature equal to or less

than the reaction chamber temperature.
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to 1330 kPa). 27. The nethod of clam lwherein the

co-reactant in the gaseous formis a gas m xture
W@ o9pi3esng oxygen and ozone with a rati o of ORONES1008/076810

oxygen bel ow 20% vol . 28. The nethod of claim1

wherein the co-reactant in 3he gaseous formis a gas

m xture conprising amoni a and hydrazine with a ratio
19.0f Thedicaimidrog claion amimﬁina;hmmrmelcﬁﬁ@ﬁsﬁs a sili@on Whier (ge8Qbdsed

for g%ln'gab{]f‘gatulfer i%t?lﬁonﬁactgr dev%:% PferF ??P%ts&finl% Teon Wﬁsgté{;'lgstrat% used

for (hE DfhufaGutesX lillid diystal cﬁép&@r&le@ﬂﬁﬁ)r lﬁﬁrs deposited thereon
;disilylmethyl ami ne (DSMA) (Si H3) 2Nwve ;
di silyl ethyl am ne (DSEA) (Si H3)2NEt;
20.di STHe)hdtSRRIT ORI [l AIERE s(e@&))%) o BBiHH r2Hkd &t by discontinued
, _di,si(lrf\/l tert butfyl am ne DSTCEA) (Si H3) 2N(t Bu) ;
injegtign ¢yt lepat ARrsfitherompgowndg end/or &itsopr opyl ani nosi | ane
Si H3N( 1 Pr)2; ditertbutylan nosi | aneSi H 3N(t Bu) 2
sil yl pi peri di ne or pi peri di nosi | ane Si H3(pi

21.sj | Thepwaihasi of glaie | @ﬂler,sylrntdqui ehemdesd Yaa)ﬁredequlmn;fy Iasomw layer

S) Si H2(NEt 2) 2:
dep@%@‘%‘ﬂ# ﬁ%rp% @m‘“ﬂ%%é?‘?ﬁ%é‘&?%é) S H.(2( NI\/E?Z) 2:

bi s(tert-butylam no)sil ane (BTBAS) Si H2( NHt Bu) 2;

b| r I
2250 SRR B AT A5 R3] oSBT So M
conffpohﬁc( @Jylrtbtﬁqo-lsaadtgdt intth¢ gdsedve f@nHB(affrefa) qut i the fefdtian ckanbene

Si H2(Orf) ;and conbi nations thereof. 30. The nethod of

claim1l further conprising generating a plasma in the
23.r edHiicimmhahdiolagn 1 whideeinfiternate iljadiom bf tb¢ siliennicohtaimingeompound

L e T R

32. A nethod of preparing a silicon nitride fllm

co |S|ng i ntroduci sj.licon wafer to action
24, A SRSt CBA PR G I BreoRB S PG Sh e Gt i

the lgARolEBE 1sQABsoFkbANA e sulilec@r 1@ stiiRatt BAGtH B ifBAIIR ST another
Wth an inert gas; and introducin

COWOEJF%W%WS&PWWgeWF'@é]éqﬁlﬁﬁo“F%’r@aseous formto the
reacti on chanber under conditions suitable for the

formation of a nononol ecul ar layer of a silicon -
25.ni t Fheghacthad qﬁcbnntl Freersin the glicopespripining 3ilm As feepasoy a deposition rate

Oféazl{,gﬁﬁni Shtd ¢ 1I§/9§ué)X| de fil mconprising introducing

con wa er to a reaction chanber; introducing a
silicon-containing compound to the reacti on chanber;

26.  The method of claim 1 wherein the reaction chamber pressure is at 0.1 to 1000 torr (13

to 1330 kPa).

27.  The method of clam | wherein the co-teactant in the gaseous form is a gas mixture

comprising oxygen and ozone with a ratio of ozone to oxygen below 20% vol.

28.  The method of claim 1 wherein the co-reactant in the gaseous form is a gas mixture

comprising ammonia and hydrazine with a ratio of hydrazine to ammonia below 15% vol.

29.  The method of claim 1 wherein the silicon containing compound is selected from the
group consisting of trisitylamine (TSA) (SiHs);N; disiloxane (DSO) (SiH3)2;
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purgi ng the reaction chanber wth an inert gas; and

i ntroduci ng a oxygen-contai ning co-reactant in gaseous
wo or0a0sst he reacti on chanber under conditi onSPETYUBZINS/€76810

for the formati on of a nononol ecul ar | ayer of a

silicon oxide filmon the s34l i con wafer.

disilylmethylamine (DSMA) (SiH;):NMe ; disilylethylamine (DSEA) (SiH;),NEt;
disilylisopropyilamine (DSIPA) (SiH3),N(iPr) ; disilyltertbutylamine (DSTBA) (SiH3);N(tBu);
diethylaminosilane SiH;NEt,; diisopropylaminosilane SiH3N(iPr)s;
ditertbutylaminosilaneSiH;N(tBu),; silylpiperidine or piperidinosilane SiHs(pip);
silylpyrrolidine or pyrrolidinosilane SiHs(pyr); bis(diethylamino)silane (BDEAS) SiHy(NEt)2;
bis(dimethylamino)silane (BDMAS) SiH,(NMe,)s; bis(tert-butylamino)silane (BTBAS)
SiHa(NHtBu),; bis(trimethylsilylamino)silane (BITS) SiH,(NHSiMes);
bispiperidinosilane  Sily(pip)e; bispyrrolidinosilane SiHa(pyr)s; silyl triflate SiH;(OTH);
ditriflatosilane SiH,(OT1),; and combinations thereof .
30.  The method of claim 1 further comprising generating a plasma in the reaction chamber.
31.  The method of claim 1 further comprising feeding radicals to the reaction chamber,
generating radicals in the reaction chamber, or both.
32. A method of preparing a silicon nitride film comprising

introducing a silicon wafer to a reaction chamber;

introducing a silicon-containing compound to the reaction chamber;

purging the reaction chamber with an inert gas; and

introducing a nitrogen-containing co-reactant in gaseous form to the reaction chamber
under conditions suitable for the formation of a monomolecular layer of a silicon nitride film on
the silicon wafer.
33. A method of preparing a silicon oxide film comprising

introducing a silicon wafer to a reaction chamber;

introducing a silicon-containing compound to the reaction chamber;

purging the reaction chamber with an inert gas; and
introducing a oxygen-containing co-reactant in gaseous form to the reaction chamber under
conditions suitable for the formation of a monomolecular layer of a silicon oxide film on the

silicon wafer,



