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WD 2004/ 017383 PCT/ US2003/ 026083 LOW TEMPERATURE
DEPCSI TI ON OF SI LI CON OXI DES AND OXYNI TRI DES

WOEROS81 REFERENCE TO RELATED APPLI CATI ONS 5 Thi BCT/US2003/026083
application is related to, and clains priority to,
United States Provisional Patent Application No.
60/ 404, 363, entitled Low Tenperature Deposition of
Silicon Oxides and Oxynitrides, filed August 18,
2002. FIELD OF THE I NVENTI ON 10 The present invention
relates to the field of sem conductors. More
specifically, the present invention relates to | ow
tenperature chemnmical vapor deposition (CVvD) and | ow
tenperature atom c | ayer deposition (ALD) processes
for formng silicon oxide and/or silicon oxynitride
fromsilicon organic precursors and ozone. 15
BACKGROUND OF THE I NVENTION CVD is a known deposition
process. In CVD, two or nore reactant gases are m xed
together in a deposition chamber where the gases react

gg“% %g?as phase and either deposit a filmonto a

{ EMBERALYRE DEFGSITEAM O K STREGQY CRQRE}%AND OXYNITRIDES
substrate's surface. Deposition by CVD occurs for a
specified length of tinme, based on the desired
t hi ckness of the deposited 20 film Since the
specified tine is a function of the flux of reactants
into the chanber, the required tinme nmay vary from
chanber to chanmber. ALD is also a known process. In a
conventional ALD deposition cycle, each reactant gas
is introduced eouentlallr |nto the chanber, so that
no gas ph&s CETORELATED ARBAISAASIIONS 383
PCT/I‘H%%Q%%QQ@ gelatg@%’laﬁ)i %[anﬂg gﬁoﬁﬂyr ! Hﬁ@@d: S?a'ﬂés Prov1smna1 Patent
(i.e., precursor) enr sor onto

ApslieationalNe' @0/4%363acm111tlakd@ssTvmpémm¢ Depasitiamtofi Sahd:dmeﬁ)mdes and

usual.loy th the aid of an inert purge gas
OX%W@W%?’%% %]ﬁt%@%%nd reactant is then introduced
to the dep03|t|on chanber and reacts wth the first
reactant to forma nono-layer of the desired film

through a self-1i mwmon. The

Z S ls fgp% gge %ﬂtq Jn?.’\gg% LGS st% 3% 901:30 3 CS%E‘EC%@{J%’CE?SL lelyflgéec Waiﬁcally, the

pres& Ghadiition XS iov v @eapEatueach@ficall $a Jidi*edbpﬁéﬁﬁﬁﬁl G(CQKD) and low
with the aid of an inert [gurge gas an
tempEEATE ALOPTIE IAYER AenasEios (P IYmregentes foyfoneweaﬂltq@g oxcs andor silcon

ox P8 'fokPlicon organic precursors and ozone.

BACKGROUND OF THE INVENTION

CVD is a known deposition process. In CVD, two or more reactant gases are mixed

together in a deposition chamber where the gases react in the gas phase and either deposit a
film onto a substrate’s surface or react directly on the substrate’s surface. Deposition by
CVD occurs for a specified length of time, based on the desired thickness of the deposited
film. Since the specified time is a function of the flux of reactants into the chamber, the
required time may vary from chamber to chamber.

ALD is also a known process. In a conventional ALD deposition cycle, each reactant

gas is introduced sequentially into the chamber, so that no gas phase intermixing occurs. A
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cycl e as necessary. The filmthickness can be
controlled to atomc layer (i.e., angstrom scal e)
wae@unasy3 by sinply counting the nunber of depP&T/UBZIN3/026083
cycles. 10 It is known to use silicon oxide (Si Ox) and
silicon oxynitride (SiOxNy) films for gate —and
monolagapaﬁ:a tfipat raﬁmtdm ((a¢ j presurseviewlysi- pr elgamsorbed ﬁﬁ;oq@gssubstrate S

| udi n D technj qu v,
st SHSAAS LSRS0S S eV R e
and/or gl'gg?leé' 93[‘§ecbﬂd kc‘%ﬁtﬁf i tBeh nﬁtoﬁﬁwdt tb}theﬁ ﬂéi:)osﬂmntohambelt and reacts

down. For exanple, it is to us
with thel fipth séactantie form iaquoncoby ercof the desir e$ \FNn ﬂém&gli‘ p %ﬁ 11“&‘3“3 surface
li FRA fREt (RUAR fully react
reaction], ag@ e‘iﬁ_gﬂgmé ct1o¥1%?o&/§ﬂcér’\fg%2nslgglg}g§d§gner B! yr T ly reacts
with thé Q&R AdadtaBs BheyeyEaR6hd r@bthiﬂus gh:n evacuated w1th the aid of an inert
: bis(tertiary-butylamn )s ne

TBASé i ”
purge gfis Ghe/Pr BINAIRE. (PEfigsge essils A é’ﬁ( ragga g élge gposition
[ b btokflc Pglefl@lel, Qg 1
cycle a%gn%saﬁ“ oﬂ%eh@gh tshllj(%: g%?a?tﬁﬁggl?%ﬂ%t her ebS/%C?ea& %g om scale)
accuradyi ByesimpBsjoahtmrthe numbarali depositiosesteshi gh t enper at ur es

[t t t t 20
Shitdsorage 85 itk FeoE TS0 e TR ShiRs (TRl for gae
and caﬁa%ﬁin‘:@)p?&:{tfb% UERSveval Prosert@8dsidut® incliding peses CViRttechniques,

ower tenperatures are needed. I[n further
for appé})uag]shcél, filirs qncemnécsm andiless seiahle ay Papyvidh @m@wqr@ﬁg integrated
own to.u hi gh-density plasma (HDP) CVD to
Clrcum@(éb@s‘?opg’b‘f?otgﬁﬁ?}?gﬁg’ndoped gl ass (PSG) or nondoped

%’r 'eﬁﬁﬁ'_lge at AS&oWNIGus@C ViDerERpasitthe siliceh weidn 18@6s Gor a silicon
wever, HDP CVDis 25 [imted jnits Bé{ﬁ)l

organie amabnsm rogoted vefh ewsigeR gas 8F W@teéf"aﬁ?fprléﬁ‘f"??é&feg&? Processes

genera d{eﬂulr% axrrllgcella’?ilr%J1 Lbo @t 6ol t le%&lfgﬁnBﬁ(t@ﬁiagjflbutty&nhh@sﬂane

rati os afe nore di ult to f

(BTBA[S’)eﬁﬁlnﬁi%tl@'fsﬂa@@WEtzSﬂ{z) \teaoﬂsylttbeky@angm((@d) dtedQicesSueh high
a sem conductor . devjce can ock

termpergiae oo B GXIGHIREP P TAKr U OB Beeby SRRASing line
resmtaﬁ)& neegﬁlgh h%%hgﬁ#\}/}\ml? yegd'tﬁrﬁé ?Jsuﬁ%ﬁ’catﬁl it réREBRIONf ndt4s to form

O THE | NVENTI Low .
undes1fabta)®hﬁk¢rs eucﬁh ae iunglsteawhlkim #bthetderBEGrugeiRssi Thisn deposition
processe rovi ded for ositing silicon oxide
procesgggdhatiemp OYS’Q meﬂag‘ére? %ﬁ?é’reg or spacer and pre- net al

ellkuﬁﬁ&r LGmpld %r@%éloézﬁ%cmgﬁﬂ&/aﬁ&ﬁo%m known to use
applicati ong processes, which can be either

high-demmsity Al &npr (H;IQE)S é‘é/D s eiems@(@qggh(gﬁus doped glass (PSG) or nondoped
silicate glass (NSG) at temperatures between 300 and 550°C. However, HDP CVD is
limited in its gap-fill capability to an aspect ratio of approximately 3:1. Aspect ratio is the
ratio of the trench height to its width; higher ratios are more difficult to fill. The presence of
gaps, or voids, between metal features in a semiconductor device can lead to pockets of

trapped water, micro-cracking and shorts. Thus, deposition processes that exhibit greater gap

fill capabilities are needed.

SUMMARY OF THE INVENTION

Low temperature (i.e., less than about 450°C) deposition processes are provided for

depositing silicon oxide and silicon oxynitride layers for spacer and pre-metal dielectric
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oxidant in conmbination with silicon organic precursors
and, optionally, a nitrogen source. The |ow
W@ 209p@1B8ur e deposition processes provi de goodPGIL/ER2003/026083
coverage and gap-fill capability, providing a high
aspect ratio of 6:1 or nore. 5 In one aspect of the
applicafiéhée IMHeqilocesseS)MBhishwar bs eitber Q¥PomidtAlAg maoesissascase ozone as an

.. oxide layer on a..substrate conprises ai S
ovidan e S i RS S FBBLBES oBl RS g oo
The lova}]ezll}ﬂeekﬁ% de@és@ﬁ’dﬁ FroBés8&irsitle EBdDstép EREsetana B dillecapability,

a substrate is located; and (ii) introducing
providing e highiaspest tatie oféplogrimpign zone. In this aspect of the
nvention, .the steps c e _per v ST
SEtmEner ey ESEReBRs SR SN BT ERHE or on e
substrafeQoMpistsY RasdneSdykle@@pritgaié fdloming siepss (ip attrodheing b silicon
anot her aspect of ‘the invention, a CVD process for. .
organicdespoisari intp & dspositiamzaney wWheteiaianbsiray ds lesated; apbdi) iroducing
C rises.at | east LSt OLdnond Hg. d
ozone @?Ogﬁ'? :dsef’??uonl o d gtlﬂﬁsgé‘ségést ?’Ifﬁgégﬁ&g@gﬁ iﬂ}:‘yﬁﬂgecurrl sorﬂg O_rfne
simultanBéR1yRor0Rpesitiailpn The peecutver enditheulione maet tosfotro calpga;of silicon
.. (i) _introducing ozone into the deposition zone; and
oxide ofijthg jubs#gie-oduci ng a nitrogen source, such as 15
?ﬂ%&{x& a‘s{a\w bf thdinDedtlf, d kR8s %P ABposiitiea Sitidbm oxynitride
e Steps can be perforned sinultaneously or _
layer @equabbiad lopmpTles pt deast Soe ,cyoleoermprisingithe dgldewisgustens: (1)
. react . to forma |ayer. of sili.con oxynitrid f.
introdugigaiifoB OTg RGBSR HER POV hiE & SRR §focated; @
introdu@fﬁg’%z@ng & ?t?esdég&itféﬁ%ﬁé;t diAqii®) Birbdedy @titeezen! BURE, such as
on~-a substrate conprises at |east one cycle conpri si n%
ammortin eNER),| Db rige sdeppsitior j 2one.20 Onge ragdive i thy Hensi cak Qg performed
. organi c_precursor into_a deposjti
st STy o Santiabh b e R sk R Grel Ehfiect o form o
layer of i€on @HAitkilid bl tHe¥ubQelei Ng ozone into the deposition
zone. In this aspect of the invention, t(ge%as.t.e

s are .

Bestid enethersaspens of the inyentipRear: H&DuP1aeqss ot Rkingzasicon oxide
| ayer .of silic [ I e

e ARt LDREL Je I SEF x6RIE BBt

introdu*cﬁigczk Bifisen aahiengreags@aaty € yepmition mapavizred supsteate is located;

... additional purging of the ﬂ%S' deposi ti on zgne.. 1 n Eet In fhis

(i) purging: the depesiioatZope; aNIIDHPERTICHE, O23H° Kttﬁnliﬁ PSLIOP gpme-

aspect ggﬁ%sih%n'ﬁgn athié 'é;gelgtg AR pRIOYRES SRt ANLT TIRNCYR1S 8dpokitaé® mono-

rises at one cycle conprising the foll ow n}%
layer ofsitjesn oxide) Thatoycidien g repesiediasomanyrtiyags s qacessarysigrachieve the

aesivd . Gokeoge HE a6 385 gt s SR B9 14udHarbiting of e
deposiﬁ@ﬁ s@duci ng ozone and a nitrogen source, e.g., 30

anmmonia (NH3), into the deposition zone. The steps are .
der yebranethes aspeshtofathp yinveptien, an ALD process for depositing a silicon

oxynitride layer on a substrate comprises at least one cycle comprising the following steps:
(i) introducing a silicon organic precursor into a deposition zone where a substrate is located;
(ii) purging the deposition zone; and (iii) introducing ozone and a nitrogen source, e.g.,
ammonia (NHs), into the deposition zone. The steps are performed sequentially. The
introduction of ozone and nitrogen can be done separately or simultaneously, in any order,
and can optionally be separated by a step of purging the deposition chamber. The cycle

deposits one mono-layer of silicon oxynitride. The cycle can repeated as many times as
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i ntroduction of ozone and nitrogen can be done
separately or simultaneously, in any order, and can
wopikonsBl y be separated by a step of purgi ng PEEUS2003/026083
deposition chanber. The cycle deposits one nono-I|ayer
of silicon oxynitride. The cycle can repeated as rrady
necessarly | tBEhi@se the3d$ided (Al @1idl3RSs RCIngsz0emhopsiss s separated by an

necessary to achieve the desired filmthickness as
addltlonalmwggla&o B HeRGPUIW 598Cseparat ed by an  additi onal

Exgé é’ctéJEn& %@vaﬁ%@% bt th%r@ééﬁtelnvéatmrwmsmmmpaream dpon reading
van ages o he "present invention wll rent.
the folloumﬁgldetahadldng:nptlha of thel inventign yathapiesmncg é%%aﬁfla%ﬁ dggwings.
the invention with reference to the attached draw ngs.
5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1

i |1 ust r at gRIFFDEYORIPTIOBNOBTHHDRAWINGSn. FIG 2
illustrat€s an process. of the invention. 10
FIGAl i Eraps saRIGYID orecess ofitke INNGENT: ON The pr esent

wezc‘i}ﬁﬁ’é\}‘?o A]‘}SE, R 2 Gfile Vet hods of deposi ting

con oxynitride filnms on a
substrate at | ow terrperat ures, i.e., below about 450C,

while siml taneousl Hgoverage
char act &EEALLED Digy ron utilize

L al | MESALD ﬂnBth@@éT’@f Aesdshimgwitidon oxide
oRE" lﬁ‘%g{eiogi)%{]%ér% @rrgtgﬁods 15 of the ?fesent

and silidonvphitide flams dmeu sbetate at Wepiewpeiatges be- hbﬂpgmbgutaq»ﬁyc while
lowk dielectrics. The s bstrat
st e e BB G TR venin
utilize ﬁli@t'afahéogl ot é&ﬁ!t: gr&ﬁrsbﬁemmoﬁfbﬁﬁaﬁlbﬁ gvittesquae atThe eleposition methods
ul

le materials wll eread|I evi.dent
of the ptssemhmtm caor ot mdyn degositingpotriighnkiand djvfiplgetrics.

bstrat e ncl ud ;
R SUEAE g REOHER s Gl T B oot s
which 1§ %Pa%ter AUES piodsisitiieteRipbiabass etplged. e Suitdblanutaalmvilie readily
The substrate may be retreated to. insti

evidentstbathokerafi czrémame sklﬂﬁé et na¥Ebls SHhIrEes b‘?‘%‘b‘%r et Gpamics,
metals, d’g?j%‘ﬁ%l tsg atH t%% égﬁrﬁers he, a’%dcﬁlbgtfratéémﬁh{@tsﬁhdo‘h tungsten

o app Ication. The silicon
and ah@hB8R C TRE EKBESBAE Smiy Heuptetreatyd o ingtill, aremione, on stapdardize the
vol atilized and conprises V\Athln|tsslgeu8111q

chemicalr mekseue and/ar guAPEHeTRT HieSBREAe s M or Ahi e eg{/?ﬁl%trate is
dependgr?t O%rtggg, ﬁ{c alpbg@.ﬂgﬁ that can be severed fromthe

con a conpound cont ai ni ng -
The silicon orgamc precursors include any molecule that can be volatilized and

comprises, within its structure, one or more silicon atoms and one or more organic leaving
groups or ligands that can be severed from the silicon atoms by a compound containing
reactive oxygen (e.g., ozone) and/or reactive nitrogen (e.g., ammonia). Preferably, the silicon
organic precursors consist only of one or more silicon atoms and one or more organic leaving
groups that can be severed from the silicon atoms by a compound containing reactive oxygen
and/or reactive nitrogen. More preferably, the silicon organic precursors are volatile liquids
at or near room temperature, e.g., preferably within 100 °C and even more preferably within
50 °C of room temperature. Suitable silicon organic precursors will be evident to those skilled
in the art. Preferred examples of suitable silicon organic precursors include, but are not

limited to, tetramethyldisiloxane (TMDSO), hexamethyldisiloxane ~ (HMDSO),
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reacti ve oxygen (e.g., ozone) and/or reactive nitrogen
(e.g., amonia). Preferably, the silicon organic

wEe@en1s8F s consi st only of one or nore sili coOPCHUS2U83/026083
and one or nore organic |leaving groups that can be
severed fromthe silicon atons by a

. orpound . .
hexametl?l\/}gdlﬁiw'zmh? g (thlmﬁlﬂ)t; ﬁ am‘ly Ig;;é;lipona ﬁgt]r@ﬂg(p&%{@?qtﬁgarw@ﬂ o@éﬁ;}\_/[ASl),
More preferably,.. the si rg SEMT S QNS IsARROL d
alkylamiesilane, | AIKYEEIGisteTe, R AR e ey,
alkylox Bia?l&ﬁr ! YnMelibbBinddde, Beasiticeay precomsoss preefmingsilane or silicon
YIOXY T Rin 50 C of room't enperature, . uitaﬁl ﬁili Deis readil
alkylamidésgy dihiese @mamundseentsip|the bond whichig qp %Eagl gﬁﬁxcﬁ%&} y
. in the art. Prefer f i foR BAEragiok ife@m 1 to
with oz g et G5 1 GE B AR 0T S Frnp oGPy
1000 et PATEGLBY diesialcumprecridMaOflovhemgnefibyl H QU SERBL
HVDSO, -4 VO 2004(/101738%1:139/' §20%3/§)%§0p§§cursors at lower
Thex azsichgisliesrblas ddatianDsh) the aHd°Yl 1e8h

etraki s¢et. . ; 1! i } chl deyiv avat ﬂ) anexygen
temperagt 'O%gadllqésﬁl ﬁgﬁg@g‘l’%ﬁ)‘? |§1I %ﬁg@eaﬁ ?&/I oxilf\;,i I ag, 1
gas (O, bxldtibanglthe prabursak kyittorgaicl gifies goqdyrasils @ CRRiffes less

the silicon precursor ani nosj AN
in s 9D < o bR 202 THB b AR g Rty from
300 °C {01450, °L° BihdiCadyalidses 16y @achs oparlirsieat of whtepangiede the

a | ow tenperatures. The rate of precurso s.flo
climinafiéd of apdrexft bomds swk thet weq@weémgqsrcepﬁd;h? @tyd{qugi'vbonds

rate of, precursor. gas _flowr 50Q 1
N Y G T
anotherg{ EEHES Urhodlm bR \Wbne i€ oMploFtd ie admivenreowithiorygens iThg ozone

T
onventional oxidizers such as water or ox
gas flowyam bOR) the @rigtair v (P 2008 spiBe bF Fab QoI TR ranges

from lg(g gg a@%ﬁg%ﬁt‘%’s atantgﬁe?ﬂggg@g ?ﬁgeﬁﬁﬁi&p drh@dnahbatibdéd ito the

tenperature range is ,
depositﬂ;%ez&r‘l'éqj‘ﬁhgesf (L0 A@)@Og/ﬁf}‘jmcf@@rﬁerﬂﬁérmd@ﬁﬁpa% gy . As a
the use of ozone instead of water include .
spesibrmpiets0n Tmanyth SaTcmoHoE CaraeEh S eh Mfpess suip wonches
S ek i &l al @66 °Caathwpréssure of 5
and um&ﬂlém%{ Iwr&ra]rea ﬁ%ﬁ%n%%ﬁel;%% ggﬂIA@P&% oz@&te a pr

enbodi ment only ozone | s. 250
Torr. ER@byeor ks flanotae mbouted e socat andriter] PAUIF CREEHENQ Was
enpl oyed in adm xture with oxygen. The ozone 15 gas
g/m”. flow can be in the range from 10 to 2000 sccm
%ge &, 20k ¥ red 181 RZANExy@ASIdE] PMitiogegesurct inaddiienally employed.
sccm Preferably,” the concentratl,gn of dozone hin its
The niirdgenostucer cambo anh sompeywkihel e boNelailirgeand; epriang 3y

structul%/og%apqrir\grg’ggépg{ gu?’rgp]&jflﬁﬁ%% Js,gv\%lc%ﬁ?ingﬂlge,gfuﬂgre 0% lithited to, atomic

s excel l ent step

‘ nitrogeﬁ,o}ﬁgf(%gﬁ Piist hanhth 62 2 SReRzineA tlly lhydeawie s alk glaghine and the like.
unito

mty were deposited using TENASI
AmmodidGs Beferred. ghe $slpgengfourre gas flows 1n{\c/h‘l§16 &£

ranging from 10 to 2000 sccm. Preferably, the nitrogen source gas flows at a rate ranging

from 100 to 2000 sccm.

Sgsi‘ggr? gﬁarraﬂger at a rate

In many embodiments, diluent gas is employed in combination with one or more
of the reactant gases (e.g., precursor, 0zone, nitrogen source) to improve uniformity. The
diluent gas can be any non-reactive gas. Suitable diluent gases include nitrogen, helium,
neon, argon, xenon gas. Nitrogen gas and argon gas are preferred for cost reasons.

Diluent gas flows generally range from 1 sccm to 1000 scem.
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20 Torr. The precursor gas flow was about 30 sccm and

the ozone concentration was 250 g/ n8. \Wen the
waele®inedsd i | mis an oxynitride, a nitrogen SOUPCEURN03/026083

additionally enployed. The nitrogen source can be any

conmpound that can be volatilized and_ contains,

L thin
I soms GRR tamhodimenisctnd GETnALLLGBROUSRN P dRFducHgR of one
sour ces incl ude, . e
or o OEFGE0 SOE U100 Rl BB Al s, The
purge Ghkiel fertbrarting, a Rivkpteasiraer aactunhpuipk eAltermatinghy, dhé purge can
rgreferred. .The nitrogen source fI.E)vvs [ nt th§.
be perkomped byinyisien antasr alires FarBo A EPAYEPT sHiREer (Sulbly Puree
i r ' I CR1@ARtVENE cBibation of
s T I BER AU 4, PSSR CRigamut ot coivbmacin o
pumpi@mﬁﬂlburgatgss cah bmergglogfad; is enployed in con‘?i nati on
wth one of nore t he react ant s .
3l Pt Tho Eandiov eRoshaRowh ARt bn 3 SPs & fhe chamber and
it ok QI Y a5 Tt L uHe RtusHBS WRRinbthearyultod rae@ct iThe process
pumpngé;g.&%b%t?at?lsethgirl)rgggt gg;lsses i ncl lljlde'enii%tyl;lo er]r,ﬁg;]il [ ump
pressurvaequirat gepends endhe depositiingmeded bihss BRF2HY B ﬁh@g@ggllénTorr
. eferred for cost, reasons. Diluent gas flows
to 7603@%?’&?&"3@{3’&9 e_f%rooﬁ%“f seemto 1000 seem -5 WO
2004¢ HbET tREHVEIRLS) 3/(DAB Bfbdess for depueiti@y(a silicon oxide layer on a
enbodi nents, and every ALD enbodinment, the . . . o
substratewonaptises hideas PnoAycle porpising B deligrng sieas (pgoqugins a silicon
.deposi tion ch r.at ten. i .
e SRS BT BHEA] £, B8R 8 (ot
ozone Biﬂclﬁfﬂ_xe dNpositioatzovel ¥n thihespectr afethe éﬁvenlaien,ghﬁ fstepsnedn by performed
) pul sing an inert purge gas intg the deposition o
SimultRebe P SSUPTGe P 60 55 28040S SHATGAEeh{q [ GReh laver of silicon
oxide {S}g #ﬁg%§@£ﬁ&n Pfr%%g% 1READRsi6BR zoAt {LhAREAING] M a Bressure ranging

on o ing and purge gas can be enpl oyed.
from Ol5to@l0 Temsad atitrapeyasrd babaw 4609 kd above depend on the

si.ze of the chanber an i abj | | . as the

Sprés adhostihetoses vt HuseeaR g PR plbriofS

proce r§, Legid, Lespagpenrds on the depositiqm

met ho?@ﬁ%ﬁ?%%?y% E)aslmpf in gﬁg range 1 mrlorr 10 tg') i
For exéfiple] ahe deposifi@r ahicgss Carbbe ilfustratedrby ong csrmorgsplethe Hllowing

.the invention, a CVD process for depositing a silicon
equatiefyi de | ayer on a substrate conprises at |east one

cycl e_gg@@@lﬁims thesibot bppbdgtst eps: (i) introduci@y
a silicon Qrgani c precursor into a deposi tion zone
wher e SINSRIBErdtve Qs -+ SiQtellypreditets i i) introduci ng @)
where R' and R? are, independently, selected from hydrogen, C;-Cs alkyl, Cs-Ce cyclic alkyls,
halogen, and substituted alkyls and cyclic alkyls, where w equals 1, 2 , 3 or 4, and where L is
selected from hydrogen or halogen. Alternatively, the deposition process can be illustrated by
one or more of the following equations:
Si(NR'R%s +03 — SiO, + byproducts o)
Si;(NR'R)6..L,+0; — SiO,+ byproducts (5)
where R' and R” are, independently, selected from hydrogen, C;-Cg alkyl, Cs-Cs cyclic alkyls,
halogen, and substituted alkyls and cyclic alkyls, where z equals 1, 2, 3, 4, 5 or 6, and where Lis

selected from hydrogen or halogen.
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ozone into the deposition zone. In this aspect of the
i nvention, the steps can be performed 15
wa@rewmbtBaseousl y or sequentially. The precur sorP@mntisS1o0n#026083
ozgne react to forma layer of silicon oxide on the
substrate. Preferably, the positi one.is .. .
hn prqthetrasiec of sheinveatinne a Y1 iPRopess 193 rﬂzeBO%“%a siligonrgyynitride
layer G GiRIBCLAMHHR d@g Rt AR CoyiBl onfRARY teO TolRivaee Steps: (1)

ustr e follow ng equation: Si
mtrodupmg (aumlmm otgdilc pr:ecﬁi‘smnte ao@qpps:dgn gene where agubssrate is located; (i)

1ntrodug;1(?§n%:orelerﬁr§tg et]aqd 3? Ositytfolg%]) _r%? (°i & g?e}glg lalsn %Mqrﬁymto the

depos1tg) %)ne OIntl agaiPRE &@ 6a§1 b@%)erfoﬁhéd%ﬁﬂhﬁe.o\ﬁﬂy ot s&uentially. The
bypr oduct s where Rl and R2 are,

precursond@;mncmldt m}'roggeIsemcedeéfcit den Toymr ddasisr ofsiligenapyepitride on the

substrag. kP)C;:G @r%ﬁ% tﬁe, @%Hk {tlz)l'n@fl% 1sr}§#1ggaz&6iv a4 a?ssklﬁ%trhr%éfﬁf%om 0.5 to 2.0

Torr arfiha BRPcMRBE Below 400°€e! ected from hydrogen or hal ogen.
Alternatively, the depositiqgn process.can

iThisdspositied prspessisa berllyppied by th%@%&%%ﬂﬁaon
. equati ns R2 13
T2 NS RSBl 5 M teh s 0s SIS YRR )

For exﬁi'ﬁgleR%h@H osht[tﬂﬁ%%@gﬁnéah)/be siblserated byl baenohymisregefnthe following
cyclic alkyls, halogen, and
equatlcmabst [ t ut ed al kyI s and cycl ic alkyls, where z equals

o oSSR RN 6% YEESGsbTls =t Trom @
PCT/ U Q@8R 6983 NH EU!;OIJ@O H;p%%mqﬁctbhe i nventi®n,

a CVD process “for depositing a silicon oxynitride

where Rbycmd R?nara, inddpstdeatly, scleatod ifous h}gﬁrog@agt -Connkkyl ﬁsf(“@ cyclic alkyls,

haloge%ialn é ﬁsh&&%&a f gwlluclé g%@%ﬂkyﬁsﬂ {er ere éllgtlir g g%gdg% a@&]where Lis
selecte@ ﬁ%ﬁpﬁk{r@ﬁe@l drshalgpeat Q‘dterr[atNély, thé tdéplﬂiﬂ@h Pgocessned Henitlostrated by

deposition zone; d (ii1) introducing a nitrogen
oneormmqféhﬁﬁilgwmé%at@épo& t| on zone. Once again, the

Rk

for m ag;lRireR % fLZ$I1~hH§pFO3OX»/ShUXNL, deyproduble  subst r at(@o)

Pr ef er abl e deposition zone is naintained at a
where Rt esd R erey mdg:en@emlymwie@tes fiom Iydeogemdeir Ceatlgyl 2Cs-Cs cyclic alkyls,
halogertl,engg&b%%ltl{l[ce% Ilso avﬁdé‘&c})/(c:)hc alkyls, where z equals 1, 2, 3, 4, 5 or 6, and where L is
selected from hydrogen or halogen. The ozone and nitrogen source gases may be introduced
simultaneously or separately. Preferably, the ozone and nitrogen source gases are introduced as a
mixture.

The aforementioned methods of depositing films in a low pressure low thermal CVD
process are illustrated in FIG 1. In FIG. 1, a silicon wafer 100 is loaded into the deposition
chamber 101 with the transfer occurring near chamber base pressure. In the deposition
chamber 101 the wafer 100 is heated to deposition temperature by a heater 102. In this
example, process pressure is established by introducing an inert diluent gas flow 103 into the
chamber 101. Then, the silicon organic precursor 104 and the ozone oxidizer 105 (and also

NH; 106 if SiON, is to be deposited) gas flows are introduced into the chamber using

conventional gas delivery methods used in the semiconductor and thin films industries. After
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Thi s deposition process can be illustrated by the
foll om ng equation: 10 Si precursor + nitrogen source
WG 2@®3/01738851 OxNy + byproducts (6) For exanpl e, PE¢EUS2003/026083
deposition process can be illustrated by one or nore
of the following equations: Si(NRIR 4 + NH3 + 03 ->
an appRipElidy titne bpquicadutot zhievy theSta(rmfml) thickness, $hqrglicongpecugsor and

oxidizsti{H BB B e 2ty hg a2 e s fied to puree the

chamb&o{Bmafld feadthits| After ﬁ@hﬂﬁ@p’ha’r@ﬁtﬂrg& lﬂﬂﬁ’fd; tHeub £fer i@ |tllani;f§rred out

and cyclic al kyls, where w equals 1, , 3 or 4, and
oftheaneerQChambera&élbedt@dhwasﬁﬁt?@ydrogen or haI ogen.

ﬁilpa?ltg \égg%’yﬁ Ogtﬁg %‘?’81?%0:“1; e TAHTIZ g?b? ﬁscf@fldﬁ)%snmg a silicon oxide

layer o@iqu AlUsahR: coipsbiRatR2sh one Miyde toﬁﬁ)nsﬁlgim@lﬁ‘lILOMng the steps of: (i)
byproducts (9) . 20 Si 2(NRLR2) 6_ZI.Z+ NH3 Si W
introducingy g stigat 05eaNi@precwpT WIRE dsARFIERR Z0me, wisg é*p%lhatéﬁﬁ? f§focated;

(ii) pu Fl‘{gscﬁg ﬁg%crs o Mgr g?inl) 11990(19@11’1% é)’%llle inforthERefobfidnGzone to form a

o en, substit ut I's and cyclic
layer ofik#igbs oxidb @h&he‘i sxﬁﬂmab sInlthisZspést off theﬁnvrmtl@n, thestepshare petformed

R RO e ol
as margJ \a}ﬂeg A0GRUSEY OLB RERA MLhdirel BChARNYss dsNBn®a9REch cycle is

NP tTogen SOurce gases are introduced as a - 25
separamixb}uae additienalf pllugn'gmﬁ theedttpnsitino genef Theposrall pgpation for the

proces§ FSI tsilng? gﬂ haﬁv I% c{q% 1 Owthh E)\r/rea | Igowg%eggﬁlggea%ﬁorﬂ)sgy oken up
into mhﬁpl@ﬁ&%@ebﬁﬁt@d%?%uﬁk@@%ﬂnﬁth@ lihon@h@?éi%&ov’k@ll with the
transfer occurring near chanmber base pressure, In.the

doppsti atiother ashegibelr the ginveriionyan eALPoprocesshos idegositing a silicon
oxymtxélg‘giaaietélo%g? %l& ea'c:;ou ns%X aft 1&%@%&{” 3'8% cgh‘@ngllﬁgsthg’%teps of: (1)

pre ure Is es

introducMg 8@Hitod Bradhi¢ PRIkctrselt ngeatdegositibn «md@ﬁenenat substnate is located;
chanmber 101. Then, the S|I|c§n or anlc precursor 104

(il) purgipe theedeposition gong ag)ér(nl)o]gtre aqda? Ribeey source into the
depos1§b$ z’oFi%e %gogbe a &?drh{%q) segﬁ&tfall9V\BTl§é ?ntfcﬁﬁétﬁqy 68@zone and

conventional gas delivery
nitrogdtetamobls duﬁeﬁgbpamt«tly@r $mlmlndus¢y,an aapcbrdéri nptidrlatly separated by a

I.ndustri Afte 004/ 017383 PCT/ US2003/ 02608
step b AU egmea@@owlﬁ% %@%ﬁ? et SYSIE HeRSAS 58 Ty @W 8 silicon
ynitfilid. MThBic ?f&@%ﬁ’reﬁﬁf‘edsdslﬂl&%ntlﬁéﬁ 64 h8QRksa® €b achieve the desired film
YT di Zer gas flows are turned off and the dil uent
hlcknesseatstlowa édcbwytls insipastiestby en pdditjenal purging of the deposition zone.
The overall equation for the process is the same as that show in Equations 6-10 above.
However, the reaction is broken up into multiple steps separated by purges to insure mono-
layer growth.

ALD has several advantages over traditional CVD. First, ALD can be performed at
even lower temperatures. Second, ALD can produce ultra-thin conformal films. In fact,
ALD can control film thickness on an atomic scale and be used to "nano-engineer" complex
thin films. Third, ALD provides conformal coverage of thin films on non-planar substrates.

However, process times for ALD are generally longer due to the increased number of pulses

required per cycle.
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chanber of remaining reactants. After an appropriate
purge tinme, the wafer is transferred out of the
w@e@sesssthanber and back to the cassette. 5 |PCBHUB1003/026083
anot her aspect of the invention, an ALD process for
depositing a silicon oxide |ayer _on a substrat, .
Shepafosemeniioned arsthasds efog ydepasitingniiims; iy af%llﬁ‘bwaW& in the
Lhe ibed I FIG.." AfHEGD I A G@Bn P frdNafiber of
sequenty 3¢ oG8 Pesklbed I oA ! BREGDS Ereklcacling IR AMafber of gases, o
wafer 2OC & gehisfertéd Jntg tHegddpgsitior zdep @81 tandrplaxeden thadvafer hoater 202
i ntroduci ng ozone into the degos@{eo%lpzope %o fortm a
where fheywafepfs Biatadciorfiepasitien tAmRSFREIEy e dEPasTIgn, lqpegature can range
from 189PE%H 30 @ﬁut?ﬁé?ég«%/ﬂgﬁlg leds"Biad bERR B0/ ﬁbf@ﬁe?e@ably in the

sequential I'y. deposits one nono-layer o )
range of BDBSE tx b "CThA gyalyeflowrotbe dilspragasd203ais wmdreguced into the

Limes a ecessary tq achieve._t Sir fil .
cepo oy S I S TSR b R Y v e Sk el Ao e e
pressuftdgicbhOiided R piskesd prebitirdl ePRSplok@ pr&edtre ciie Goat 800 mTorr
equation for the process is the sane as that show in

to 10 Eguandqrsfetably dhofem 2@Swalerr totlhd Torach it higady [stagaigssure has

. I nt ltiple st ) I d '

v ol o P 8 PRI e U S O e o
the walfsP0t AQID dégbsiioR Heg e e Forst, arpuleparstht istligom ogdahiccracursor vapor
oxynitride l'ayer on a_ _substrate conprises at | e?st e
flow 204 a4 mtiodnend; iafone dprositaRegion: by SpenIngAPPEPTateHtp es. he vapor

N [ I r.sqr., | it
v G AP DL RERLHE bRk SFAGSAE 81000 R H e o
may b& aflgted dych hor-teactivet gasduch agAazlSHdaiNe, ar Kt ridgehilution flow rate
source into the deposjtion zone. The steps.are

can befeqop 4 Phraepns toyLA0GsPamy fhe PrRSUTSAE PYERIEEE GAP BY FETCHAL & ffyl0 s and

is pref&gbgj "9 g;ﬂalg% s X9 n?xt fRP@alehy pRouSbpIs2 RROMSEVsor vapor
I'n any order, optionally separated bya_stelp of »
flow iptorthé dgpasitidrheomteddd sis teroningbdnfée vaffereddiyetyelinge fpodie tdgposition

eon RS et B LB B B 45 e e

a non-#&31iv@dad bOINFILRIiRHNBE Thasbéohgows tﬁ@%ﬁ&y@dlﬁefﬁlir}e. The non-
separated by an additional purging of the deposition

reactivecgae can PheroVlsy Ned Zeaubli dhe byreeghe fomoisaueterably the same as the

o 35 S B R A0S AR OraR 5y o B con e

from (PEBa6 ahachiR)s pref@asly iom 0SW ® STENct thayet ofthewahor pArEe step, a
has several advant agﬁas over. traditional GVD. First, . I
reactant] g3scfiew e djsested inte dheafleposifion 2086201 tynfréivaling apropriate valves

(not slﬁg)grg:n d’l’%{%@g{gﬁp g%ﬁ??%ﬁﬁ? Epg 55 §dHoBitioRYi0) YR £ th&Riepbdition of

iI'mthickness on“an atom c
SiONs ¢tdk eheagrehigationed ozene'205mdenghorde 206.c Thptotat r&@tanhges flow can

ilms. Third, ALD_provides confornal ver of thi
be from |1 1o RONG AepR &RArS BURSSF P BothS oo} ©© S, Seegn " The ozone
concejttdi®R {0 b E}aﬁgeew@@@ 1! Y on@ers shegrdtdy bhfind 200 g/m’. For
I ncreased nunber of pul ses
deposition of SiON,, the ratio of oxidizer and ammonia flows can be from 0.2 to 10
depending on the desired composition and the temperature. The reactant pulse time can be
from 0.1 s to 10 s but is preferably from 0.5 s to 3 s. After the reactant pulse is completed,
the reactant delivery line to the deposition zone 201 is purged using a flow of non-reacting

gas 203. The non-reacting gas can be He, Ne, Ar, Xe, or N,. The purge flow is preferably

the same as the total flow through the reactant delivery line during the reactant pulse. After

-9-
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required per cycle. -8 WO 2004/017383

PCT/ US2003/ 026083 The aforenenti oned net hods for
waleasiBng filnms by ALD are illustrated in theCT/US2003/026083

sequence of steps described in FIG 2. In FIG 2,

after evacuating the chanber ases

of ,a.wafer .200 is..
the reatangpuiser the AeTt IS UIRE PHIED BLGUFS i '38 RAUSECP 1§ ﬁ%’eﬁﬁegé%ﬁla%i times
t he f t £k 2R 3 the wafer is heated to
asnmmﬁ%%%ﬁﬁ?ﬁ%ﬁgﬁgﬁ%éfatUP%. gﬁ%eposition tenperature can
MABABo%: feaencd BtyGetmodified By imclusien of pteping fyringeng or more of

than about 450 C and nore preferabl y.in e..of
the purgiE Bopomaioen i8 GeaRhy i BRESE dTEGBTC sobRBgSeflaso be
fid 'g&hﬁ}rg irifdedRSdrithére ofane pa@ing stéissingesl ebmpurge
Inmﬁﬁ%gﬁiﬁgyﬁgﬁﬁ , % , N2 or other non-reactive gas. The
gas. pressure is established at the process pressure. The

rocess pressyre can fr 0 r r :
e e
formatdh® aﬁ)})ﬁ)icqatl AbFLRLESSH Be PrescAOmbthed iadhtegated dedit {FE)efabrication
an appropriate tinme to renove; any_resi dyal gases from
include, fat sxerficidiitesd tos prs-metpkdicleghyics Aﬁw%ebe ﬂa?iliow %?poge@?lﬁgqn (STD),
First, .a pul se,.qgf t. b .CQny: | C precursor vapor
Spacers, Pﬁ?lfgﬁ’a{%sga?en%leﬂgﬁﬁgsgéﬁé vag{aﬁég&ggggési ? i on region gy
QA N thud ABdcPEd tHeinvattioasvithTthe detapisrand phutieuiantyereqained by the

be from1 to 1000 sccm and is preferably in the range.
patent Jawe Wb 1§d&ﬁme¢|~?éldv‘éf‘p§8£ H’E‘é‘;‘i‘“ﬁg By ﬁﬁ&%xﬁ)ﬁ&n is'Set’ fHfh°in the
a mungﬂqﬁgctive gas such as Ar, N2, He, Ne, or Xe. The
PPENCE i On f1ow rate 15 can be from 100 sccmto 1000
sccm The precursor pulse tinme can be from0.01 s to
10 s and is preferably in the range 0.05 to 2 s. At
the end of the precursor pulse, the precursor vapor
flow into the deposition zone 201 is term nated. The
vapor delivery line to the deposition region is then
purged for an appropriate tine with a non-reacting gas
203. During the purge, a non-reactive gas 203 fl ows
into the chanber through the vapor delivery line. The
non 20 reactive gas can be Ar, He, Ne, Ze or N2. The
purge gas flowis preferably the sane as the total
gas flow through the Iine during the precursor pulse
step. The vapor purge tinme can be from0.1 s to 10 s
but is preferably from0.5 s to 5 s. At the end of the
vapor purge step, a reactant gas flowis directed
into the deposition zone 201 by activating appropriate
valves (not shown). The reactant gas is ozone 205 for
deposition Si2 and for the deposition of 25 SiOXNy it
is the conbination of ozone 205 and anmoni a 206. The
total reactant gas flow can be from 100 to 2000 sccm
and is preferably in the range 200 to 1000 sccm The
ozone
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concentration is in the range 150 to 300 g/nB and is
preferably around 200 g/ nB. For deposition of Si OxNy,
wao b@4oa3sd of oxi di zer and anmoni a fl ows can beCT/DS2903/026083
0.2 to 10 depending on the desired conposition and
ture. The reactant pulse tine can be 30
m&&-@g@io 10 s but is preferably from0.5 s to 3
s. After the reactant pulse is conpleted, the

react ant dellve(%/ line to the deposition zone 201 is.
plr gedAuaéthed ﬁorf epwtmg sidiaon exide iong supgisato sgmprisiag the steps of

nen-reactin
introa i 8 SRR, Pila™B haf Bl i Sy inid ¥ ceBiiof 2ol il substrate i
located.hr ough t he reactant deI ivery line during the reactant
pul se. After -9 WD 2004/017383 PCT/ US2003/ 026083 the
reactant pul se, the next precursor pulse occurs and

the s ' t

{5 aont iy Bl F SBRCY Ao P RBNGEHIITES pefmiRESYy Siical vapor
deposisiefi ded cemprixgs biclemp dhné cyde bgmpmmﬂlgjﬂne dollay¥ing sieps:ng

during one or nore of the stes i n adg’ﬁ

£ & i dieipe drsilipop, g RSCUR I, B JPoSLRRERBE Mosts Sfibghate is
lotated®&ng® hodi fied by the use of punping during one or

nore of the purging steps instead of a purge gas. The

pi seridumieg lools iotrthb depasitionzedef or bot h doped and

undoped Si Ox and Si OxNy formation. Typical

applications of the present method in integrated

C3. CUi Thd tEthod 8PEILERD iviHere 1B Glelsl are poLibrEEsitRltatdolblyed

to, pre-netal dielectrics (PMD), shallow trench

isolation (STlI), 10 spacers metal sil icate gate

< )é glcrelc,glrél cs%gngclgﬁ? |2 (%he\gm {h%%{eﬁ's 8% é)tegg S angﬁ&ﬁlaﬂy

particularity required by the patent laws, what is
cl ai med and desired protected by Letters Patent is set

forth The m&hoddgfp@ﬁ%d wheerike drpoSitigs sopRiQRmPady atomic layer
deposif BoT aiPeaf gﬂ %g’st ofEEN lé &r%ﬂ %r-ﬁ%e fé-liovﬁng‘%&p@ﬁuil%fe s:

epositin i'Con oxi He pstrate ¢ I Si ng _
s(a)epﬁrodﬁcmg msﬂmdtu orgaylcapmcﬂrsmmntooa depokitiop rzenmlv@ore aamstrate is
zone into a deposition zone where a substrate is 5

loca“‘3‘5)’ocat ed. 2. The nmethod of claim1 where the deposition

| i) PEFi 7B debsitfdHE 6 Adndv apor

(iii) introducing ozone into the deposition zone.

6. The method of Claim 1 wherein the silicon organic precursor is selected from
tetramethyldisiloxane (TMDSO), hexamethyldisiloxane (HMDSO), hexamethyldisilazane
(HMDSN), and silicon tetrakis(ethylmethyamide) (TEMASI), alkylsilane, alkylaminosilane,

alkylaminodisilane, alkyloxysilane, alkylsilanol, alkyloxysilanol.

7. The method of Claim 1 wherein the silicon organic precursor has the formula
Si(NRlRZ)A;_WLW where R' and R? are, independently, selected from hydrogen, C;-Cs alkyl, Cs-
Cs cyclic alkyls, halogen, and substituted alkyls and cyclic alkyls, where w equals 1, 2 , 3 or 4,

and where L is selected from hydrogen or halogen.
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deposition and conprises at |east one cycle conprising
the followi ng steps: (i) introducing a silicon organic

wWEe@en1s8F into a deposition zone where a subsPCHUS2003026083
10 | ocated; and (ii) i ntroduci ng ozone into the

deposition zone, 3. The nmethod of claim2 where.th
$t eps The eﬁ&df o ?Fé‘ép 4 wharein 1he) ﬁ‘gF%P OTg3RC PreCRROr B ﬁ’Sofonnula

Si (NRg{ )&F,L,g' o R d i féth?e,%ﬁcﬁsau@ﬁ@y I@aécft&m&ﬁ @REeNIG, &l aficyl, Cs-

clarm 1" where the deposifion is

Cs cyclivealityls, ﬂm]dgdny aad subistituted abiryls abdyelictalkyls, adgrecbegelsdes, Htd, S or
| eas C ri SI the foll owi ng sequenti al

6, and‘ﬁl?eé‘fog*‘s iefe’)’te%{%P glg(%‘?ﬁ ) %?5 “ton organic precursor
into a deposition zone where a substrate is 20

| ocated; (ii) purglng t he deposition zone; and (ijii)
9t r odibei method crfeClaimol t\Mber@II@pﬁ@l depepition 7one gs mpjataned at a

ai in the silicon organic
p“”““ﬁf@%%ﬂ%ﬁwncln§n1 8Wg§ an1 25 tetramet hyl di sil oxane
(TMDSO), hexanet hyl di si |l oxane (HVDSO) ,
hexanet hyl di si | azane

t16t r aklibs (eathsd pethmn U@?te(n%mg(;jsltilgl: %%%&pp%epeat a temperature

lkwd | ane, al kyl ami nodi si | ane, al kyl oxysi | ane,
betwee%zlléxlcgﬁdg)go al kyl oxysilanol. 7. The nmethod of C aim

1 mhereln the silicon organi c precursor has the
formula 30 Si (N

) 4- WL.W.wh R1
i ﬂdep&heéﬁ%theﬂ of &laipy éd"lfei“’d%tﬁ{/ DGR 1 el § ijtg fie deposition
zone plgsg é’cﬂe c‘aﬂuae%nlfrﬁ{l ek \%&g@ 1020908 gAY | t uted al kyls

cyc Ic al ere quals 1, 2 or 4, and
mhere Lis selected from hydrogen or halogen 41 WO

383, PCT/ UIS2003/ tho o) Laim._ .
%eﬁn? h% §if Glagh Olbe %be ﬁ"?’é%ﬂ? § ?Sﬁl sljilést%atélceramlcs,
f FQ@&)] where R1 and R2 are,
metalslﬁgaggéﬁ%%%%y, Sel gctgigglefrsr om hydrogen, Cl-C6 al kyl,

C5- C6 cyclic alkyls, hal ogen, and substituted al kyls

d L | .
S bl bl st o e e e
of 1ntroTiil@1n§Q1t siifdn Of gaal Epreviks oM 6zomie Nardenitiegmmsiotifos intd @ntepésition zone

mai ntained at a pressure ranging from1 mlorr to 760
where Fgyhstrate is located.

14.  The method of claim 13 where the deposition is performed by chemical vapor
deposition and comprises at least one cycle comprising the following steps:

(i) introducing a silicon organic precursor into a deposition zone where a substrate is
located;

(i1) introducing ozone into the deposition zone; and

(iii) introducing a nitrogen source into the deposition zone.
15.  The method of claim 14 where the steps are performed simultaneously.

16.  The method of claim 14 where the steps are performed sequentially.
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10. The nmethod of Claim1l wherein the deposition is
perfornmed at a tenperature 10 between 200C to 400C

wa 2004/0km383ret hod of Claim 1 wherein the ozone iBCT/US2003/026083
i ntroduced into the deposition zone provides an ozone
concentration in the range 10 to 400 g/ nB8. 15 The
itt hoThefmeBia of dlaihdBewhdre tlsmémolslém ip @eléfogmqq ‘abﬁtomlc layer

s B SR B A I A i,
@3 Yt ddutidlg aQlicdnSe#paliE preRuGoniatd 8 IdB}g)Sithm =he mshera)i substrate is

introducing a silicon organic precursor, ozone, and a
locatedni t r ogen source into a deposition zone 20 where a

ﬁ?ﬁ%ég%gluﬁgoﬁﬁgﬁg%w %% The nethod of claim 13 where

nis perforned by chemical vapor
g asicdueing apshecadpriigegnabuiceasd tiendeposibbrzamnpr i si ng
the follow ng steps: (i) introducing a silicon organic
precursor into a deposi ti on zone where a substrate is

43.10 %E Zﬁje( 9 clhddd i ? Gifekd Ehe QHBAS ahd hRRrogBe sE\aB® fiet in@Bduced
11 |

Zone; Introducing a nitrogen source into the
xmmawsmmanyOMMrzone 15. The nethod of claim 14 where the
. Steps are perforned sinmultaneously. 30 16. The net hod
of claim 14 where the steps are perforned

Slgq ue rTthka Ehllétﬂod 01481a1\ﬁ012 QPO the3F3nLerld WRAREB 501008 introduced

17. The method of claim 13 where the deposition is
simultapeodshy. ned by atonic |ayer deposition and conprises at
| east one cycle conprising the follow ng sequentia
steps: (i) introducing a silicon organic precursor
izrot 0 arhe eRAsId 6 T2 Z0 18 wiassethe siitos brguhi precurtardatedetted from

totramary G TDIBHG) o e amaihyIABene sORUDSy: erpethyldisilazane
%ﬁgOa%dtskl? dn 4008 é&tﬁgourﬁyaﬁ%@‘)@ﬂhg hahm A en 1ahtiﬁos11ane

26ie and ce ar troduced” separately
alkylarhihodig¥an@( ﬂEyloxyldi)lane, alkylsilanol, alkyloxysilanol.

21.  The method of Claim 13 wherein the silicon organic precursor has the formula
Si(NR'R?)4. L, Where R' and R® are, independently, selected from hydrogen, C;-Cs alkyl, Cs-
Cs cyclic alkyls, halogen, and substituted alkyls and cyclic alkyls, where w equals 1, 2, 3 or 4,

and where L is selected from hydrogen or halogen.

22.  The method of claim 13 wherein the silicon organic precursor has the formula
Sio(NR'R?)s.L, , where R! and R? are, independently, selected from hydrogen, C;-Cy alkyl, Cs-
Cs cyclic alkyls, halogen, and substituted alkyls and cyclic alkyls, where z equals 1, 2, 3, 4,5 or
6, and where L is selected from hydrogen or halogen.

23.  The method of claim 13 where the nitrogen source is selected from atomic

nitrogen, nitrogen gas, ammonia, hydrazine, alkylhydrazine, and alkylamine.

24.  The method of Claim 13 wherein the deposition zone is maintained at a

pressure ranging from 1mTorr to 760 Torr.
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19. The nethod of claim 17 where the ozone and
nitrogen source are introduced sinultaneously. 20.
wOoheo4roetised of Claim 13 wherein the silicon orgamius2003/026083
precursor is selected from 15 tetranethyl disil oxane
T , h thyl di sil
RS camehi/mees PASIHE 1 PREGRTC drpesdioniz pspformed at o emperature
dJ; kls(ethylnethyan1de) (TEMASI ), al kyl sil ane,
bdowaﬁi§?aninosilane, al kyl am nodi si | ane, al kyl oxysi | ane,
al kyl sil anol, al kyl oxysilanol. 21. The method of O aim
13 wherein the silicon ovaanlc precur sor

as,the .
% nul the Disther( MiRERIm LA WhGIReY Werezogh dntpestiged, into the deposition

zone p@g&%gﬂcyc %%’ongﬁ%ﬂ%%?%ﬁfu({jgg@ﬁy bsltglit StGegl Ia(\?/lkyl S

and cyclic alkyls, mhere M/equals 1 2, 3 or 4, and

Pk ottt At L35 AL NG SRS 20T 1 sebatae , Ceramics,
metalsgﬂg&iéﬁsﬁésshﬁﬁ bifnic 3{0‘1@%&3 25 Si2(NRIR)6_, LZ, where RL

are, 1 ndependently, selected fron1hydrogen
Cl-C6 al kyl, C5- C6 cyclic alkyls, halogen, and
substituted al kyls and cyclic al kyls, where z equal s
1, 2, 3, 4, 5or 6, and where L is selected from
hydr ogen or hal ogen. 23. The nethod of claim 13 where
the nitrogen source is selected fromatomc nitrogen
ni trogen gas, ammoni a, hydrazi ne, al kyl hydrazi ne, and
al kyl am ne. 30 24. The nethod of Caim 13 wherein the
deposition zone is maintained at a pressure ranging
froml|nlforr to 760 Torr. -13 WD 2004/017383
PCT/ US2003/ 026083 25. The nmethod of C aim 13 wherein
the deposition is perforned at a tenperature bel ow
400C. 26. The nmethod of Claim 13 wherein the ozone
i ntroduced into the deposition 5 zone provides an
ozone concentration ranging from 10 to 400 g/ n8. 27.
The method of Claim 13 where the substrate is a
silicon substrate , ceramcs, netals, plastics,
gl ass, and organic polyners. 10 44
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