WD 2006/ 097525 PCTf EP20061 060829 Met hod of formi ng silicon oxide
containing filns The invention relates to a nethod of formng silicon
oxide containing films using a 5 silicon precursor and an oxi dant gas.

Backgr oungg 20ddiietde front end manufacture of CMOS semprgaipdighfiikrdevi ces,
a passivation film such as SINis formed on the gate el ectrode of each

MOS transistor. This SIN film 10 deposited on top and on side surface of
the gate el ectrodes (such as polycrystalline silicon or netallic |ayers)
in order to increase the bre? down v.@)lta e. of eachﬁﬁsansi stor. Attenpts

have been made to redu¥E"PAE Hrn EaInIAg such SIN, to 15
reach a tenperature which is not higher than 400C. However, SIN filns

deposi ted _at tenperatures bel ow 40 have usual |y poorer ilmaqualities.
o der  cedpse Hgnepecio R akiod o Taeang slRo Pl CoRtag TS 2 | |
to rei ®f orgiRoSiphedurdonapt @pixidadbgas.dual spacer™) and thereby nake
effective 20 electrical barrier layers to inprove significantly the device
performances. Also, Si2 filns are used as STl (shallow trench

i nsul at i orBackgpbesid:l ayer dielectric (ILD) layers, passivation |ayers,
etch-stop layers and attenpts are made to find a deposition process of

t hese Si 02nthg Epat epd MmapriasiviR PREMES serbcokiiclnr deviges. § Rasshetiopdims i ¢

case of duglkh$RaGR s ARl GH the ¥ate EBEIrERPESEdhMOS trahsIsdrY THiIE &R GirA t hi ck)
thin filnms 25 perfornmed at | ow deposition tenperatures (300C at the nost),

shoul dOnotdepesited o0 ttae 8xd den | 9AS ofutare wit e GRtect9ed®dand(sHesburE be
perfectly gunchdlird éiii&hca?lgnétﬁlﬁc E?@%Fsg in 8ffdr B indleaEd thel BHEAKd g%i%—"”

process is t'he nost suitable suc requi renent. As far as the

appl i cat i oYieagh brag®sleer ned, conformal filns should be deposited with high
deposition rate (several. hundred A per mnute) below 30 500C. 2 o
Deposition of silicon oxide filnms nade from silane and oxygen at |ow -

t enper at urAdiempis have been made to reduce the temperaiure deposition of such SiN, to

15  reach a temperature which is not higher than 400°C.

However, SiN films deposited at temperatures below 400°C have usually poorer
film gualities. In order fo overcome this issue, it has been proposed to use SIO;
films to reinforce SiN film properties ("dual spacer”) and thereby make effective
20 elecirical barrier layers o improve significantly the device performances. Also, Si0;
films are used as STI (shaliow trench insulation), inter [ayer dielectric (ILD) layers,
passivation layers, eich-stop layers and atiempis are made to find a2 deposition
process of these SiO- layers at low femperature, i.e. below 400°C. in the specific
case of dual spacer applications, the deposifion of a very (20-50 A thick) thin films
25 performed at low deposition temperafures {300°C at the most), should not iead fo
the oxidation of the metal electrode and shouid be perfectly uniform all along the
gate, and an atomic layer deposition process is the most suitable such a
requirement. As far as the STl applications are concerned, conformal films shouild
be deposited with high deposition rate {sesveral hundred A per minute) below
30 500°C.



using a PECVD reactor have failed up to now for these applications, due to
the incorporation of S-H bonds into the SiOx filmthereby obtained, which
may originate with the presence of hydrogen in the silane gas introduced
as a precursor 5 gas. This Si-H bonds then probably readily react with an
oxygen source in the environment to produce the SI-CH bond. The presence
of such Si-OH bonds increases the risk of having transistors with an

i ncreased | eakage current, and therefore a reduced breakdown vol tage of
the 10 related transistors. The inventors believe that the presence of a

| ar ge nuntsgpdafioR Yt sABEH oftide Tims Pritikeromositiie aht |dx?§éh at RW fefhpchftur
precursor and of oxwgen or oxygen containi n(% as enerate the Si Q2
0&8}%&9

film probéingadtEeVigdpastat Bavariniisd Hpety PRWY) catipgs. e ke theen
reacts w tjessho rtaﬂoﬁméﬁ‘esﬁ-pdgnag‘?ntb ”H‘:%” 2 ﬁ%sﬂeﬁfbﬁl\; Bb‘tﬁmbaatwﬁnﬂ-ﬁ ndy 1 COn

contalnlng conpound sha preferab hi g urity regar
hydr ogen ccamn;ﬁt@mg thepregeree efdydragen IHZ!@ sipngcgast nigeducpd @S@rm{:wsprt shal |

1S B prRary ob] coron fen Hrogsnly el Inacl frnceh RATRR Silfoe B,

met hod forenvimnm&ent:ﬁoslmdwerthwﬁf-&'l bonds on a substrate at a terrperature of
400C or bel ow which 25 prevents or |imts the formation of the OH bond
during the SiQ filmformation. According to the disclosure, there is
provi ded armeepresenasf off suchiSPHabsnds iooreases the riskoolt mvingrigarisistors evthpan si ng

| et | ng THEESThIAReE i RO WP 2 Bedtend SibpRibn ks, oy

conmpould reldtettrankigtorem t he group consisting of. 3 - am nosilanes having
the formula (RL R2 N X SiH4-x wherein RL and R2 are mdependently H C-C6
| i near, branched or cyclic carbon chain

‘The inventors balieve that the presence of a large number -of hydrogen atoms

bonded to the silicon atom in the Si precursor and of oxygen or oxygen containing

gas to generate the SiO; film, probably also generates moisture (H-O) formation
15  which then reacts with Si o make SIOH.

The inventors aiso believe that the silicon oonﬁaining compound shall have

preferably a high purity regarding hydrogen containing residues to limit H.0

generation, preferably it shall contain less than 100 ppm of H» or H confaining
20 - compounds. '

Summary:
It is a primary object of the embodiments disclosed herein to provide 2 method for
forming silicon oxide {films on a substrate at a temperature of 400°C or beiow which

25 prevents or iimits the formation of the OH bond during the SiO, film formation.

According to the disclosure, there is provided a method of forming a silicon oxide
containing film comprising the steps of:
| a) providing a substrate into a reaction chamber,
30 b) injecting into the reaction chamber at ieast one silicon containing compound
selected from the group consisting of:



and x is conprised between |and 4 - al koxysil anes or acetoxysilane having
the formula: 5 SIi(OR)(0OR2) (OR3) (OR4), or

(OR1) (OR2) (OR3) S{Si (CRA) (R (OR), or (OR1)(OR2)(OR3) S1RSI (OCR4) (OR5) (ORB) ,
or Si(0-C(=0)-R1)(0-C(=O0 R2)(0-C(=0)R3)(0-C(=O-R4), preferably
tetra(acetoxy)silane Si (0-C(=0)-Me)4 10 wherein R, Rl, R2, R3, R4 R5, R6
are independently H 0, C -C6 linear, bganched or cyclic carbon chain. -
silanes having the formula (SIH3),,Rwith n conprised between 1 and 4, R
bei ng selected fromthe group consisting of H N, 0, CH2, C2H4, SiH2,

SiH Si. 15 - Tetr abiirsjianes kdwihg tiedoSniAQR) RZ o) o)), Bikjsgaitiengin iRitamatrre
reacti on chanber at | east on e o t ai ni fer Iy ozone
and/ or oxygen and/ OF%%?&M’ e)'. Te?%zi’ég ‘%&deﬂr ‘S/CF ﬁt%h\a@ bel ow
500C i nto the react gAf xGh apfBhsat bdtwash 1aqme of the sili con cont ai ni ng
conpounds and at |east one of the ox en 20 contai ning gases in order to

obtain the silicon 8¥PHiapeEs qf Asterysians hay PI¥WAt o the substrate. e)

Repeatimg steps b) gqo;t)‘)(gm2)(bg9*ng;qdp§,;—red S102 filmthickness is
obt ai ned. Accordi n dere is provided a nethod of

forming a silicon (@‘ﬁ{é((@%ﬁgﬁi&%é@ﬁ MARSMri sing the steps of: b)

providing a substraj @R‘i)ﬁgm)@p@gmg, SRRy Rs 3p 3a b) injecting into
t he reaction chanber ro grocess "1 east pne silicon

cont ai ni ng conpound E%'I‘-‘éc@)e XQ‘G&TQ}I% @r%ﬁ)‘&)ﬁ%@?@k@ Jopreferably
tetra(acetoxy)silane Si (0-C{=0)-Me)

10 wherein R, R', R? R®, R* R®, R® are independently H, O, C+-C; linear,
‘brahchad or cyclic carbon chain.
- silanes havmg the formuia (SiHz),R with n campriséd between 1 énd
4, R being seiecied from the group consisting of H, N, O, CHa, CaHa,
SiH,, SiH, Si. '
15 - Tefra{isocyanato)silane Si{NCO)4
c) injecting into the reaction chamber at least one oxygen containing gas,
preferably ozone and/or oxygen and/or moisture (water).
d) reacting at a tempsrature below 500°C into the reaction chamber at least
-one of the silicon containing compounds a;'ld at least one of the oxygen
20 containing gases in order to obiain the silicon oxide confaining fiim
deposited onto the substraie.
e) Repeating steps b) to d) until the desired SIO, film thickness is obtained.

According to a first aspect, there is provided a method of forming a silicon
25 . - i
oxide containing film comprising the steps of:

b) providing a substrate inio a reaction chamber

30



- am nosilanes having the formula (Rl R2 N)x Si H4-x wherein Rl and R2 are
H Cl1-C4 |inear, branched or cyclic carbon chain and x is conprised
between 1 and 4, wherein R, Rl, R2, R3, R4 R5, R6 are independently H, O
C-C6 Ilinear, branched or cyclic carbon chain. - silanes having the
formula (SiH3)3N, - Tetra(isocyanato)silane having the formula Si (NCO4 c)
injecting into the reaction chanber, through an ALD process, a gas

m xture conprising oxygen and ozone with a ratio ozone to oxygen bel ow
20% vol .; d) reacting at a tenperatureabel ow 400C into the reaction
chanber at |east one of the silicon containing conpounds and at | east one
of the ozone containing gases in order to obtain the silicon oxide
containing film deposited onto the substrate; e) Repeating steps b) to d)
until the ddsi ingsttihglimottheakaetis clsaroberaitmedgh afr ALE mabtsss athHeastiudorst r at e
is heated in th? reaction chanber ftlert i&s iptroducti on, .. gErg:f erably up
to the reactioff '%%%?'W%%PB?W §e%§pg L) h@aquyPﬁanﬂﬁ?“ ?‘eps b), «¢),
d) and/or e). Accorghiwshigndgs RERHE e brauRp R MRON), SiHLLAblerdN®R AP b)
and/or c) is carried out by discontinued injection of at |east one of the

conpounds and/ or gaBe&re fbrC1-ExdifigRb, branrhed otorrlisy cabonghaine apdidedd out in
the reaction chanbeéomgﬁsémg)éﬁe'e'hsliM&aneous injection of at |east one
conpound and at | east one oxygen containing gas may be carried out in the
reaction chanber, iwhersimpRefRY,rRYU R% Rir BUi Bg aralindgpeatdentinjlecOi ¢h-Cn t he

cont ai ni ng gas. 5 ASESFATAICHS OIS BABaFHent , at 1 east one_compound
or the at |east anesilanes having the formula (SiHz)aN,
- Tetra(isocyanato)silane having the formuta Si(NCO),
¢} injecting into the reaction chamber, through an ALD process, a gas
mixture comprising oxygen and ozone with a ratio ozone to oxygen
below 20% vol.;
d) reacting at a temperature below 400°C into the reaction chamber at least
one of the silicon containing compounds and at least one of the ozone
containing gases in order to obtain the silicon oxide containing film
deposited onto the substrate;

e} Repeating steps b) to d) until the desired film thickness is obtained.

Preferably, the substrate is heated in the reaction chamber afier its introduction,
preferably up to the reaction chamber temperature, prior fo carrying out steps b},
c), d} and/or e).

According to a preferred embodiment, at least one step b) and/or ¢) is carried out
by discontinued injection of at least one of the compounds and/or gases. For

example, pulsed CVD or ALD are carried out in the reaction chamber.



oxygen containing gas is on the surface of the substrate prior to the

I njection of another conpound and/or at | east one oxygen contai ni ng gas.
10 Preferably, each conpound and/or oxygen containing gas injection is
followed by the injection of a purge gas, such as an inert gas, into the
reaction chanber, while nore preferably conpounds and/or gas injections
are repeated until the desired SiQ2 containing filmthickness is

obtai ned. The pressure inside the reaction chanber shall be preferably
bel ow 100 Torr, nore preferably below 2 Torr. 15 Preferably, the H content

in the Si %@Ogmuahgﬁjsf 4@4&.5& olf%?eefsbﬁﬂe%o%n@ta‘?ﬁsét%aﬁ dMECE%yReRY 1O
anot her enbo 0

one containing gas IS a gas mxture conprising
oxygen ancontainieg gas may beatarmedatinthegraghicgosnmsier, it ippegierrep igprovdeneen 5%

and, 20% v oiteriafle iGlRh 0 'tle rdd o RXXARALOGON A0 Sl ik arkd atibag | 11 0

an inert rogen I con contai'ning conpound shal l
conpri se Icme&»dygemcd:ﬁiampmrgasf H2 and shall 25 be preferably selected from
t he gr%p consisting of: (TSA) Trisilylam ne (SiH3)3N DSO D sil oxane
(Si H3) BDEAS Bi s(di et hyl am no)sil ane Si H2(NEt2) 2 BDMAS
Bi s(di net mdoardlm@)tsidr@ﬂ@r?ém&idﬂwbﬁ) 2t 3€asTrorBM@npoursl( di et lay lizes mmpsi | ane
Si H(NMVe2) 3 Bi s rlrrethIS| no).si | S| S .
Tetra(i socJYASE %;?Eﬁaf% %\éf‘)%,e su ﬁc@A%n%gt ?“E’E&%@ #l%giéﬁiﬁ%;m %ﬁ’rﬁ‘e"f
Si (NHEt) 4 anbie? Eatrpaufs éﬁdibaaméastlomenxﬁgéroﬁtmnmaw
Bi s(triethoxysiiyi)ethane (EtO 3Si-CH CK2-Si (OEt)a TAS Tatra(ac
etoxy)silane Si(-0-fl (=0)-Me)4 :

10  Preferably, each compound and/or oxygen containing gas injection is followed by

the injection of a purge gas, such as an inert gas, into the reaction chamber, while

more preferably compounds and/or gas injections are repeated until the desired

Si0. containing film thickness is obtained. The pressure inside the reaction

chamber shall be preferably below 100 Torr, more preferably below 2 Torr.
15 Preferably, the H content in the SiO. containing film is less than 8.10°" atomsfce.

According to another embodiment, the ozone containing gas is a gas mixiure
comprising oxygen and ozone with a ratio Os/O2 below 30% vol., preferably
between 5% and 20% vol.

20
Preferably, the oxygen/ozone gas mixture is diluted into an inert gas, preferably

nitrogen.

The silicon containing compound shali comprise less than 100 ppm of H. and shall
25 be preferably selected from the group consisting of:

(TSA) Trisilylamine {SiH3)sN
DSO Disiloxane {SiHz}0
BDEAS Bis{diethylamino)silane SiHx{NEDL)>
BDMAS Bis(dimethylamino)silane SiHz(NMeo)

30 TriDMAS Tris(dimethylamino)sitane  SiH{(NMex),
Bis(irimethyisilylamino)silane SiH2(NHSIMes).

TICS Tetra(isocyanato)silane SI(NCO)4



Thi s disclosure also provides a nethod of formng silicon oxide filns that
“inhibits or prevents OH bond introduction during filmformation at |ow
tenperatures not higher than 500C, wherein the thickness of the silicon
oxide filmis easily controlled and the silicon oxide filmis highly
reliable, for exanple, reducing the | eakage current when applied to a
gate el ectrode side surface. According to a second aspect; there is
provided a nmethod for formng a silicon oxide containing filmon a
substrate, conprising: a) providing a reéction chanber, and at | east one

substrate disposed in the reaction chamber; i nt roduci ng
bi s(di et hyl am no) si | ane into the eactl on nganber i ntroduci ng at | east
one oxygen cont qﬂi'ﬁﬁf"‘l“ﬁ i3Bgct i o Kh'glrﬁ;hr wherei n the oxygen

contai ning gas g Dgefﬁﬁ(%@ﬂﬁé anggen, ozoggpegpd water vapor; and d)
depositing a silicon dioxi )@:ﬁim onto the sgbstjrlate wherein the

substrate is nﬁl nﬁ& Bislirethoxysihbeang: ur e b@@tﬁi %@H?ﬁd@@f}and about
400C. The net hog ﬂo}ﬁ Sk € al so progj film particularly
when deposi ted u5| ng ﬁ gapr ocess with nl(troéen purge between each
injection, has a very high conformality (i.e. the ability to deposit
uniformfilms in the top and the bottomof a trench) useful in gap-fill

appl i cat i s dcidsdfe Q%@%ﬁbh@% aghetbtastdoinging BRAM okide. fildis | that mlmblt@ briill
out all the cavities on surface and provide a uniformSi Q2 |a

Pr ef er r edPieiBoigi Bid hogd 'W%Pﬂ&ﬂ‘”&@cf@md?rﬁ@attoﬁ AW I RPRRTANIRS hlgé')'?h ng
silicon %ﬂ%ﬁ?‘ b”ﬁlhbﬁlﬁwmraﬁ'@sb%ﬁﬁe sﬂ%&ﬂ'&xﬁiohﬂfrﬂsrbé%ﬁb Q:Wntrbl‘ied and

COprI’I Ses an ox en source and an am nosi | ane of the gener al
fornul a ’(hasme@n kit ﬂm\nad.m@w&y( reliabie nior iexathpisstragesing thandeakagatmrenkl and

R2 are e or a.Cl-Ce.lin branched or cyclic carbon
chain, ar geﬁﬁﬁ@ @&??V?iﬁ?tfwg%lsf'ﬁgﬁie reactor continuously or by
pul ses.

According to a second aspect, there is provided a method for forming a silicon oxide
containing fiim on a substrate, comprising:

a) providing a reaction chamber, and at least one substrate disposed in the
reaction chamber;

"b) introducing bis(diethylamino)siiane into the reaction chamber;

c} introdiicing at least one oxygen containing _gas into the reaction chamber,
wherein the oxygen. containing gas is selected from oxygen, ozone, and
water vapor; and

d) depositing a silicon dioxide film onto the substrate, wherein the substraie is
maintained at a temperature between about 100°C and about 400°C.

The method of the disclesure also provides a SiO; film, particularly when deposited
using the ALD process with nitrogen purge between each injection, has a very high
conformality (i.e. the ability to depaosit uniform films in the top and the boftom of a
trench) useful in gap-fill applications or for capacitors electrode for DRAM, iL.e. films

which fill out all the cavities on a surface and provide a uniform SiO; layer.

Preferred embodiments:
The method according to the invention for forming silicon oxide fiims is described in



Preferably injected through an ALD process. Preferably the

al kyl am nosi |l ane i s bis(diethylam no)silane (BDEAS),

bi s(di met hyl am no) sil ane (BDVAS) or tris(dinmethylam no)silane (Tri DVAS).
The al kyl am nosil ane is adsorbed on the surface of the substrate (at the
initial stage, this step prevents the possible oxidation of the underlying
metal electrode during the introduction of the oxygen source). After a
purge time to evacuate the'aninosilang fromthe reactor using an inert
‘gas, an oxygen WO 2006/ 097525 PCT/ EP2008/ 060829 6 source, which nay
consi st of an oxygen/ ozone gas m xture (typically: 5-20% vol. of ozone in
oxygen), oxygen, noisture and/or hydrogen peroxide (1-1202) or a

conbi nat i gataithbeeair below. jitgamepligesd by pul ses. A cycle then consists of

one pul se of the am nosil ane, one pul se of purging gas, one pulse of the 5
‘oxygen contai ning gas, one pul se of purging gas. The nunber of cycles is
det erm ned by thHeeusanfetnedxyderc koess, andlen ngminositarec obtimt geheradl dposiiiai on

t I iJed at qi ' I diti . Jh ositi
{emper bt ur ¢ calR BuNGSon WEre Jon cPRRBrAPPE Aot 4 BV60E, <0f £h h
operating prespidepefderllylH180 aTOrC:(liikak ObAhABR - cydiigtambent ichyinf idres,

with 10 very | ow carbon and hydrogen contents, are preferably deposited
between 200 aligepondsnily anﬁb@%y@a. oegr dn b&swekaactpr 1 coptinuausly 19 thy 13488 .

t he use of an : RN e or acetoxysilane having
the formul a Si?@%???%é@%%%ﬁ%??@ﬁﬁ?é_or f§%%%§§ . _
) (OR2) E CRsc’% Si )SP(eEdeab()O?ﬂ)e( ORlkylarmingsilaneR’ is( CR2(d{«tRBaBirRGHa0OR4 ) (BIFEASIORG) |
or Si(0-C(=0):R ) (0;C =0 0- L= 0-C(=0) -R4) . . prefer )
tetra(acet oxy) Qﬁs@'r(ﬁ'?t@i{ar?@@éwmmg &t d'ﬂ?et?ﬁ%mﬁg{)s'k??a@k%s’% are
i ndependent | y fhefhlrgﬁ‘tém.ﬁ%sliéﬁ@aer ads@®elr enchedutface YEIthe stdshare Ghahs, are
i ndependently introduced in the reactor . o )
initial stage, this step prevenis the possible oxidation of the underlying metal
electrode during the introduction of the oxygen source)}. After a purge time fo

evacuate the aminosilane from the reactor using an inert gas, an oxygen



continuously or by pulses. Preferably injected through an ALD process.
Preferably the al koxysilane is (EtO 3Si-CH2-CH2-Si (OEt)3 (BTESE). The
al koxysil ane is adsorbed on the surface of the substrate (at the initial

stage, tRbSesIRRPrevents the possi bl e oxidation of thepagekicng netal
el ectrode 25 during the introduction of the oxygen source). After a purge

time to evacuate the am nosilane fromthe reactor using an inert gas, an
oxygen source, which may consi st of an oxygen/ ozone gas m xture
(typically: 5-20%vol. of ozone in oxygen), oxygen, nvoisture and/or

hydrogen per oxi giirdd;fidon Rby Bondi€tiPian dkidh/éaREeRE mikfird (ﬁ:di@._ﬂf#?@-@(ﬂ%’

pul ses. A cycle then consists of one 30 pul se of the al koxysi[ane, one
pul se of pur gi NP-GESZ0BHE POOSE): FKYIaRe MISfeERNAsHYEIagen Pefrride Ghzbul se
of purging gas.orleoMYIMAGSN iﬁeréé‘fclseﬁtrbéuce@%fﬁa%é@% BYold Beerl &f&%& g

t hi ckness, taking into account the depositiodn rate 7 ~per cycle obtained
at given experi9fnpulfe @bifip eminnsiianm ongepidss of pHrgingapsrencupdse ghtse as

| ow as goomte ] to .5 b A j | of
0.1-100° Tor 1 ( e lil’g]sit(?glﬁ‘aitl .Hgsr’ndgﬁ? @8% i"%&@?r@%&,&@ﬁt& ﬁﬁd"?/%rr% B L on
and hydrogeg c otatenmised by@qiﬁ@eée@ibioyn@@pwiﬁgédmm@h‘lhﬁdfﬂ@ifmmd’aiﬂ)oc at
a pressure bet n - Tarr - se n
source and tet \rlﬁlae?ri gg%%a%%?;&gé [ Fgﬁv%rgvéﬁgﬂﬁ%éta# o?&nngﬁgH&SiT?ﬁCg? ﬁ‘?&%‘?‘g

i ndependent | y itetmpethigredcambe he love astroomdenmperabiwesangd up o §O0° 0L vdtbsan
Preferably inje -t 10 | SQC tasi | ane
I s adsor bgd an eggt's“&wr%%n%?’ f{a ﬁé%ﬁj%ﬁ(% g&?éa@qp%gﬁﬂl%ﬁt(#ugﬁyxf@ﬁ%g@& this
step pfAévents tvezy jyve satblos and oadrogen odnigiie, anedwueieyabig depdsiled beltesdr ode

oD L L A A IR o T 5 B 1 (O
oxygen source, which may consi st _of ~an oxygen/ozone gas m xture 15
(TP el S 2 2 BB 5 R o R il
pul ses. the formula SI(OR"YOR*OR®*)(OR™), or
15 (OR"YOR*)(OR®)SISI(OR*}OR®YOR®), or,
(OR"YOR*}OR®)SIRSI{ORY)(OR®}OR®), or
Si(0-C/{=0)-R"}(0-C(=0}-R?)(0-C{=0)}-R*}0-C(=0)}-R*), preferably
tetra{acetoxy)silana Si (0-C{=0)-Me} 4
wherein R, R', R?> R®, R* R®, R® are independently H, O, C:-Cs linear,
20 branched or cyclic carbon chain, are independently introduced in the reactor
continuously or by pulses. Preferably injected through an ALD process.
Preferably the alkoxysilane is (EtO)}RSI-CH-CH:-SI{OEL); (BTESE). The
alkoxysilane is adsorbed on the surface of the substrate {at the initial stage,
this step prevents the possible oxidation of the underlying metal electrode
25 during the infroduction of the oxygen source). After a purge time to evacuate
the aminosilane from the reactor using an inert gas, an oxygen source,
which may consist of an oxygenfozone gas mixture (iypically: 5-20% vol. of
ozone in oxygen), oxygen, moisture andlor hydrogen peroxide (H20,) or a
combination thereof, is iniroduced by puises. A cycie then consists of one
30 pulse of the alkoxysilane, one pulse of purging gas, one pulse of the oxygen
containing gas, one pulse of purging gas. The number of cycles is

determined by the targeted thickness, aking inic account the deposition rate



A cycle then consists of one pulse of the isocyanatosilane, one pul se of
purgi ng gas, one pul se of the oxygen containing gas, one pulse of purging
gas. The nunber of cycles is determined by the targeted thickness, taking
20 into account the deposition rate per cycle obtained at given
experinmental conditions. The deposition tenperature can be as | ow as room
tenperature and up to 500C, with an operating pressure of 0.1-100 Torr
(13 to 13300Pa). High quality films, with very | ow carbon and hydrogen
contents, are preferably deposited between 200 and 400C at a pressure

between 25 0. 1p&P dwte dbidinéd® étS@aBa) experihiéntds &ofditions. O THE e Besaitione,
silane (silane, disilane, trisil trisii Iamne) of the general

formul a (Si H3) XEETARRARI CARPE\3F WF?%FF?OI“F PEraRYE RAL P R SGIQ sWiR@8ct ed
from the conpri gbBgkiihg pNassQare &H8.1-10027 4213 1o ﬁ%ﬂﬂﬁh)" H:@h qié\élttghfﬁ% Whi
e

possible use of a catalyst in ALD reginme. Preferabl |’ ane is-a C

free silane. Nb¥BNYIPW &HEBT §indtm{grcgpnaqq>gtqr'§s 4P ﬁ“Ff?Taﬁ’M WSMQPV%I I

amount < 1% Qbo%aaloms‘(t; aﬂ&?r&%utéﬁé@é&@@q 10 M@ (19 1328PRQr - The
sil ands descri bed WO 2006/ 097525 PCT/ EP2006/ 060829  above are difficult to

use in ALD conditi ons, as their adsorption on a silicon wafer is not

favorable. The yseyed ofa &;?g;iéfﬁéouﬂf‘el&?d {( lﬁﬁaﬁ%ﬁ?n@haﬁhé #erorRliat he

substrate or the under yin ayer. After purge c time to evacuate
the silane from&iﬂh@@ha@lﬁomdasfﬁmnﬂﬁ mtmupe@a@ th%uﬁeapts}rg@wt@@waheor@yv\hu ch
can consi st of yg Ht p|

ozone’'in oxygen%ﬂls%%ggﬁg,f&%n@%t @%%tand ydr¥og |§€\é?\é§|§ E%{%OZ

any cor§i nati on !sqwarwmiiahs i$ dsoied auh w pulacef the sybsimte I(atrtheomhalst s of

one hul'se of t hegl 3hitSlion Meviil e SosBHEbABa0 o H0° MU AL Indty

silane, one pul’se& of purg g gas se o ygen s
nore purgi ng 10 elecrede Bossg ti'le)antrd:dtmtiesmbf iblélnxygmnsmﬁrce)hAﬁexaa plirgsttinmiestodone

e ey and Pt B b Pyl LRy P
met al - cont ai ni ngxygdre adluece, which may consist an oxygen/ozone gas mixture
15 (typicaily: 5-20% vol. of czone in oxygen), oxygen, moisture andfor
hydrogen peroxide (H>02) or a combination thereof, is infroduced by pulses.
A cycle then consists of one pulse of the isocyanatosilane, one puise of
purging gas, one puise of the oxygen containing gas, one pulse of purging
gas. The number of cycles is determined by the targeted thickness, taking
20 into account the deposition rate per cycle oblained at given experimental
conditions. The deposition temperature can be as low as rcom temperature
~and up to 500°C, with an operating pressure of 0.1-100 Torr (13 to
13300Pa). High quaiity films, with very low carbon and hydrogen contents,
are preferably deposited between 200 and 400°C at a pressure between
25 - 0.1-10 Torr (13 to 1330Pa). '

- the use of an oxygen source, silane (silane, disilane, trisilane, irisilylamine)
of the general formuia (SiHz)xR where x may vary from 1 to 4 and wherein
R is selected from the comprising H, N, O, CHj, CH»-CHp, SiH», SiH, Si with
30 the possible use of a catalyst in ALD regime. Preferabiy the silane is a C-
free silane. Most preferably, the siiane is trisilylamine. A very smail amount

(< 1%) of catalyst may be introduced into the reactor. The silanés described



preferably a nol ecule containing an early transition netal, nost
preferably a hafniumcontaining nolecule, such as Hf (NEt2)4. For sone
applications, the 15 catalyst shall be Cfree. The use of halides or

nitrates “ﬁ,ﬁ,g@dﬁgzgre suggested, for instance Hf C4 ory dﬂfﬁﬂﬂ%ﬁ;ﬂosﬂhe
nunber of cycles Is determned by the targeted thickness ing into

account the deposition rate per cycle ofRtained at given experinental
conditions. The deposition tenperature can be as |ow as roomtenperature
and up to 400C, with an 20 operating pressure of 0.1-100 Torr. High

quality films, dhdva é&@rdrfr&mwoc@é&ﬁrmt@a&&w&fsoﬁ@rﬂwéi@&ﬁ%tﬁm oH & siiEeh er ably
deposited at tenperature between 200/ C, and at pressures between

0.1-10 Torr. Prwat@riHngt fat’ﬁ@biﬁetTﬁédJsédlfcﬁ' gatatyst belps the adssmtiosrefisfagar ri ed
out as follows:,, a:ﬁe%ﬁﬂ%ﬁrﬁ% %Ftlﬁér@ﬁo%rlgﬁél ; &1 Afd’ gdgﬁlﬁg &yl tifnd §4CT T ON

chanber, the gas wthin t chanber t purge |ng an 1 nert
gas into the re@vaduste heaipee fronuthe repelguusing @nes@mg@s,aﬂn exygeh Soueee

tenperagure of @Rlch%aﬁ%gsus B\eﬁn e g |EQI BL3Hg v pq,funder
us sl FI con %@ﬁrg({) ﬁ;d

reduced pressure, pul se o I'S de I'vered
into the reacti ozortehlarmqgeahd:xygaremlsﬂu'rmandpehy@rbgem|peroxsiel (-20n) aodmpound

's formed on t h§ 3}58:‘%#?9‘53{36? sy ﬂtrBé!uc%‘?i B pﬁlké?é‘ A%Qéig théh c&?ézétg‘ﬁ?d by

feeding an inert "gas he react
t heref rom unr eaom@¢u$a mﬁdﬂmcmau/)st inge| puise obpqugmgobasabherpmdel mﬂa ailgng, se of

oxygen-cont ai ni livere nt r ha The..ozone-
contaimi no. gas. B3k A5 oPpirgina " Pr Rlile bRfelsiREe Pilute SR Torm futai® e
on the10substr atirs. Pba‘ilﬁp,ythieantmmg:t;anmrtiye t:hiatyst &yd&mna)sﬁmmﬂthmmiyoxitide and
broducte A st | PBaIa0S B0 fedterg e GhimBar Srees Syl Eitfe, A30Ss fie
desired thi cknedgratiby. ri‘aae@‘faiamttnbl anseﬂmmcm ef méisiatonthaing PrbRRuiegaseous

Si 11 con compoung puLS . hIEklieTaRaRI Sh oB v inebR T G g 025

hafnium-containing molecule, such as Hf{NEL;)s. For some applications, the

15 catalyst shall be C-free. The use of halides or nitrates is therefore
suggested, for insténce HfCL or Hi(NOs)s. The number of cycles is
determined by the targeted thickness, taking into account the depaosifion rate
per cycle obtained at given experimenial condifions. The deposition
temperature can be as low as room temperature and up to 400°C, with an

20 operating pressure of 0.1-100 Torr. High quality films, with very low carbon
and hydrogen conienis, are preferably deposited at temperature between
200/500°C, and at pressures between 0.1-10 Torr.

Preferably, the method according to the invention is carried out as follows:
25
After a substrate has been introduced intc a reaction chamber, the gas within the
chamber is first purged by feeding an inert gas into the reaction chamber under
reduced pressure at g subsiraie temperature of 5C {o 400°C. Then, while at the
same temperature and under reduced pressure, a pulse of a gaseous silicon
30 compound is delivered inio the reaction chamber and a very thin layer of this
silicon compound is formed on the treatment substrate by adsorption. This is

followed by feeding an inert gas into the reaction chamber in order fo purge



10 Preferably, the substrate shall be a silicon wafer (or SO ) used for :
the manufacture of sem conductor devices, or |ayers deposited thereon, or -
a gl ass substrate used for the nmanufacture of liquid crystal display '
devices, or |ayers deposited thereon. A sem conductor substrate on which
a gate el ectrode has been formed is used as the substrate in particular
when the silicon oxide filmis used for the purpose of 15 inproving the
gate breakdown voltage. The reduced pressure in the chanmber is preferably
conprised between 0.1 to 1000 torr (13 to 1330 kPa) and nore preferably 1
to 10 torr, éi‘?’o%%ﬂ%%%te agmaégofﬂ@@) %d#&%ﬁré’érﬁpéuﬁﬂp%f%ﬁ' L\Elﬁ%cﬁ hal duidee of

preferably at 1 east at nost C, nore preferably conprised
bet ween 20@xygesh-o8dninghighe @5deh\@resomq éh%v@ﬁm%rf@ap‘\b@feﬂ'hédczm?e i nert

35" ar gon aseppiiie By sReRs QISR HRTIRE oF Shbon SErELME Bicled o o<

exenplifi eddbstraelthembyrﬁqmnngjegemm laysr QflSIilane okige lan inaft g3 !arIFQECtEd

opr csent s 108 @88 Shiperii roeplitbaple Bhobes K\ Riect P iy o

trisilyl arrifme{d(cﬁi td3ihaNubstrale alitise HesiosucthjckSedd3 bg Ghpedding itlue sequdioriales

1 al Kyl o1 AT PRS R S0 SVEs SHEPERD o kB B and bgRe. &Nt

[ (RO) 3Si - AlcksniSirikeRnkadhgiseouRe.s C, to C6 al kane], isocyanatosilane
Si (NCO 4, acetoxysilane (Si(-OC(=0-CH3)4 and BDEAS (Si H2(NEt 2)2) The
silicon conpound is preferably pulsed into the reaction chanber from for

5 exanpbe, MRefeyat dywhsé sub@rté Ehalbbg astieus walierdobBentusee fgraha manefactiren t he
silicon conpoun '

|saI| uid at anbient tenperature s in.the case of
TECS, it odh SBEICIRELGIEN ARHEeS. 1 daYa SEBPSteS: Herean i dies SUpRTRiG 550
Speci fi cal |f rth8 rstusdeR Sfighierystaildi @wmsuaﬂ;ayérsme@earbdl theon. A
cont ai ner, ‘heated as neede entrained in an inert lﬁg}r@%ﬁ xar‘rspi__‘1
ni trogen, &egueandyeior sHistEie BaMNIGhR J7tRSlectore hgabee e

substrate in particular when the silicon oxide fiim is used for the purpcse of

15  improving the gate breakdown voliage.

The reduced pressure in the chamber is preferably comprised between 0.1 to
1000 torr (13 to 1330 kPa) and more preferably 1 to 10 torr (133 to 1330 Pa).

20 The substrate temperature shall be preferabiy at least 50°C and at most 500°C,
more preferably comprised between 200 and 400°C, while 250 to 350°C is even

more preferred.

The inert gas used with the method of the invention shall be preferably. nitrogen,

25 argon and/or helium.

The aforementioned siiicon compound can be exempilified by silicon hydrides such
as silane [SiHi], disilane [(SiHs)], trisilane [(SiHs)SiHz], akylsilane [(SiHz}R
where R represents Ci to Cs straight-chain, branched, or cyclic alkane],
30 trisilylamine [(SiH3)sNI, and disiloxane [(SiH3).Cl; silicon alkoxides such as TEOCS
[SKOC.Hsu], TMOS [SOCHs)4], bistriethoxysilylethane, and trialkylsilylalkane

I



10 using an inert gas bubbler tube placed in the container, and is
I ntroduced into the chanber: A conbination of a liquid mass fl ow
controller and a vaporizer can also be used. The oxygen-contai ni ng m xed

gas oxidi obddR78k ! i con conmpound and converts it 15 gdRhdagilclkin OXi de.
This m xed gas can be exenplified by a m xed gas of ozone and oxygen and

by a m xed gas of ozone plus oxygen pl us,fn I nert gas such as nitrogen,
argon, or helium The ozone concentration in this mxed gas is preferably
0.1 to 20% vol. An ozone concentration less than 0.1 %vol. creates the

li kel hood[(R@i)gszLﬁzﬂRLsm@Ryzw WheRf ReRt CRYcacd ama@éa? sRyasiabdiane SiNGS),,
monoat om ¢ | ayer of the 20 silicon conBound at | ow tenperatures. An ozone
concent r at pegtoxyriiane (BiHO-GFQHeHs)otMEBDEFASISIHAMERES the | kel i hood of
problens with handling due to the associated toxicity, instability and
hazar dousness of ozone. A pul se of gaseous silicon conpound can be

del i vered Thecsilides sareraungniscirafenably pulsdr ito dheangaclion fabambern froe, 1for
secondsgat _; W, r.at: f 0, ~f ai ni ng
gas. can®be RurPRLRRtd ikl K adeldud S AmelCH? lpEnfo WhEN TSRO ' T,
10 seconds campautid éane iquid aifamifentoef@@fatorec @s iBthetaske ot TEPS drcanfba he

g . : ; . 1 p . | .
To thet ol PP AhaiBeliibs dohliea s BT Sas Bt pesdutbh prief B 2noe
I s a schematicon domgownd isfplacetiih @ dootainery hepipd Eatnesded, exhtiained if ighrmdror m ng

t hod di t | f the . i ' o
purge. 1y ge¢ (R EeBR, R0k Hoba Lkt MR e M o APrellBhn i ng
appar ati0s aebingisguinert bas dubbleg tubenpl&cedionthe wodtalyes, amy Bdtiretucefigortiee 3 is a
Isﬁjhgg?f Io(r:1 gkg@hg%nfgfﬁ@}l 159%:'3{1&;%@&@8 Prg%sga ﬁ)oa\lng %ctm ?oliglt arllzz!.t %uvra%o;izeqycralnngso the
be used.

The oxygen-containing mixed gas oxidizes the silicon compound and converts it
15  into silicon oxide. This mixed gas can be exemplified by a mixed gas of ozone and
oxygen and by a mixed gas of ozone plus oxygen plus an inert gas such as
nifrogen, argon, or helium. The ozone concentration in this mixed gas is preferably
0.1 to 20% vol. An ozone concentration iess than 0.1% vol. creates the likelihood
of problems with effecting a thorough oxidation of the monoatomic layer of the
26 silicon compound at low {emperatures. An ozone concentration above 20%, on the
other hand, creates the likelihood of problems with handling due to the associated

toxicity, instability and hazardousness of czone.

A pulse of gaseous silicon compound can be delivered into the reaction chamber,

25 for example, for 0.1 to 10 seconds at a fiow rate of 1.0 to 100 sccm. The puise of
oxygen-containing gas can be delivered into the reaction chamber, for exampile, for
0.1 to 10 seconds at a fiow rate of 10 to 1000 scem.

Brief description of the drawings:
30 The invention will now be described in details with reference to the foliowing

drawings.



10 Figure 4 is a view a netal gate of a MOS transistor with SIQ2 filns
deposited according to the invention. On Figure 1, the filmformng
apparatus is provided with a reaction chamber 11; 15 a nitrogen gas

cylinder J@.,00bsddsi s a source of an inert gas feed (fuiriaRRbR20
nitrogen gas); an Si conpound gas cylinder 13, which is a source of a feed

of gaseous Si conpound; and an oxygen cylinder 14, which is a source of
an oxygen gas feed. In the case of a S|ngle waf er apparatus, a susceptor
(not shown) is disposed within the reaction chanber 11 and one

sem conducf ur&?%h%@ﬁ@mé@&aﬁ%ﬁ BP%)m—fcfrﬁﬁn@éﬁéE@ét@s udedid é‘ﬁﬁﬁlfé‘rHﬁfd rate,
is nounted tthereon. heat er %dprow thin the susceptor in order to

heat the smﬁt@%m@ﬁgéﬁ@g\t@‘@b ingnt ﬁfeth§piéﬁ$ﬁﬂ°@dduﬁ%€ﬂllwQéﬁﬂé‘#’% ure.
In the casg, batch type apparatus, from5 to 200 sem conductor
substrates ére eld within the reaction chanber 11. The heater in a
bat ch- type apparatus nay have a different structure fromthe heat er in a

singl e-g i Ler i ; i n

through®a T HAL . ° RERRhide dtfall GO A0 Jhn s b AR ATBARAES
flowrate am&tcompemr;d ¢as injpctiorpl e, a mass flow controller MFCL, are
provided in the line L1 in the order given considered fromthe 30 upstream
side. A shutoff valve V2 is also provided in the |line L1 in the vicinity

of the re&uref islEastemdit. disyat0dche Fbdermiey aEpRets/ (feigae 1 darinkn
bot tom _of TEHEIEbt SRSt L ST e gauge PGL a butterfiy
valve BY for backpressure control, and a shutoff valve V3 are provided in
D e B S & U5, Ao e BT PSS St S5k 0 el ™
appar at us é&oﬂhg&odﬁlﬁwﬁﬂoﬂati on apparatus 15 can be, for exarrpl e, a
conbustion-type detoxification apparatus or a

On Figure 1, the film-forming apparatus is provided with a reaction chamber 11;

15 anitrogen gas cylinder 12, which is a source of an inert gas feed {for example,
nifrogen gas); an Si compound gas cylinder 13, which is a source of a feed of
gaseous Si compound; and an oxygen cyiinder 14, which is a source of an oxygen
gas feed. In the case of a single-wafer apparatus, a susceptor {not shownj is
disposed within the reaction chamber 11 and one semiconductor subsirate (not

20 shown), for exampls, a,siﬁcon substraie, is mounted thereon. A heaier is provided
within the suscepfor in order to heat the semiconductor substrate to the specified
reaction temperature. In the case of a batch-type apparatus, from 5 to 200
semiconductor subsirates are heid within the reaction chamber 11. The heaterin a
baich-type apparaius may have a different structure from the heater in a single-

25 wafer apparatus.

The nitrogen gas cylinder 12 is connected through a line L1 fo the reaction
chamber 11. A shutoff vaive ¥1 and a flow rate confrolier, for example, a mass flow
confroller MFC1, are provided in the line L1 in the order given considered from the

30 upsiream side. A shutoff valve V2 is also provided in the line L1 in the vicinity of
the reaction chamber 11.



dry-type detoxification apparatus, in correspondence to the gas species
and levels thereof. 10 The Si conpound gas cylinder 13 is connected
through a line L4 to the line LI upstreamfromthe shutoff valve V2

(between {Bessif f valve V2 and the mass flow cont rgdd@bedilbeble A
shutoff valve V4, a mass flow controller MFC2, a pressure gauge P&, and

a shutoff valve VS are disposed in the lj;ne L4 in the order given
considered fromthe upstream side. The |line L4 branches upstreamfromthe
15 pressure gauge P& and the resulting branch line L4 is connected to

the exhausinn dxhBgstlife URShEESARAIOR 4 VECUMACHIHD PP isRIYBVitEe BRI bdiben vacuum
punmp PMP and the shutoff valve V3). A shutoff valve V5 is provi ded I n

the branchof the reaption chamber ste oA diressuee SRYESRCT.aR veulterfly mlue\g faf e
synchr oni zgd, I{aaeﬁw@can&mnaﬁa a shab WB!%B \@i‘%ré ProRR ihBeqindeL2 i #d osed.

20 The oxygen c nder 14 I's provi line L5 that extends to an
ozone genél‘@tfcﬂlvqrﬁ copgifiered ffem_the §P§ﬁ"€ﬁmdéféﬁ Wi B VECYHT QHFF‘PVBM?e Is/6 and

a mass R mré@l M dded Q%eﬁ%%nah ﬁgga@ayfﬁerﬁg dek

upstream S|drl gener at or IS CO rough a ne L6 W th
the line Lapmtuse@mafnrmf@wmlgm@mﬁwusﬁanmmtm@am@rappar@ttamtaaff

I V2 . .
sensor " orcodh:NpE BB BMEE! t dorelidrdenodh (2108 GEBEEHERIRE | | |

t he I|ne Lmarmft he order given consi der ed fromthe wupstream side. The
line L6 is al so branched upstream fromthe pressure gauge PG3, and the
resulting branch Iine L6'" is connected to the exhaust line L2 30 upstream
fromthe v&heﬁhmnmuﬁﬂ/l@aé;bc&;ﬂlimmz isecormneciad throughRVnahd tohibe bt Df f

Stat os Wb SBkrbn v R ieet ks OB B, e e Y s pcnaes o
V7' are sylﬁcwhrcemralm MFC‘B}uAh;hatdﬁfamI\er&mamﬁ:m cowtrolies MRG) atpressatdier 1 s
¢l osed. gauge PG2, and a shutoff valve VS are disposed in the line L4 in the order given
considered from the upstream side. The line L4 branches upstream from the
15  pressure gauge PG2 and the resulting branch line 1.4’ is connected to the exhaust
line L2 upsiream from the vacuum pump PMP (between the vacuum pump PMP
and the shuioff vaive V3). A shuioff valve ¥5' is provided in the branch line L4".
The states of the shutoff valves V5 and ¥5" are synchronized in such a manner
that when one is open the other i closed.
20
The oxygen cylinder 14 is provided with a line L5 that extends to an ozone
generafor 1€; this line L5 is provided with a shutoff valve V& and a mass flow
controller MFC3 in the order given considered from the upstream side. The ozone
generator 16 is connected through a line L& with the line L1 upstream from the
25 shutoff valve V2 (between the shutoff vaive V2 and the mass flow controller
MFC1). An ozone concentration sensor OCS, a pressure gauge PG3, and a shutoff
valve V7 are provided in the line L6 in the order given considered from the
upstream side. The line L6 is also branched upstream from the .pressure gauge
PG3, and the resulting branch line L& is connecied to the exhaust line L2
30 upstream from the vacuum pump PMP (between the vacuum pump PMP and the

shutoff valve V3). A shutoff valve V7’ is provided in the branch line L8’. The states



A m xed gas of oxygen and ozone produced by the ozone generator 16 fl ows
into 5 the line L6. At a constant oxygen gas feed flow rate, control of
the ozone concentration in the m xed gas depends nainly on pressure and
the poweryw@abihdiRsk,st 0 the ozone generator 16. As a congq@a4BRRAcstNe ozone
concentration i1s controlled by neasuring the ozone |level with an ozone
concentration sensor OCS disposed in thg line L6 and subjecting the
appl i ed power and vessel pressure of 10 the ozone generator 16 to

f eedback control based on this neasured value. An enbodi nent of the nethod

for form ngs gl drbfitr NGB EhdT¥T7! Sre@GAGHILRGED iIGUcRi IRahAY tHad Wiser! Hife

filmform ng apparatus described on Figures 1 to 3. 15 1) N trogen gas
purge A tr éepanthe otitgsiselesed.f or exanpl e, a sem conductor wafer (not
shown), is nounted on the susceptor within the reaction chanber 11 and
the wafer is heated to 50 to 400C by a tenperature regul ator incorporated
i n the susdepixed.gassf olygen andhoRimgupredaced hethehoroot fgenatajersi8/Bowamihtos7 are

cl osed and gt h t.her u a 2Q_VI , ' ' e all
open. The gfeo?g‘g ii::%n}t&"fsgl E@%%t%ﬁe{ts E%nsa%%fe%‘?lq}%’d ré{?’ncg 5%] k@{‘ﬁwe?:/lz)éar?ée 1,
whi | e the ocpesenirativn il the atixatgas depdralsmainly\oini fressuté end the prswvagfapplidde

shut of f val v in the foll ow escripti ' i n ner .

Then, whil éo g‘ﬁ%a‘ﬂ@"?ngeqﬁﬁ%&a@w&hﬁ n° q?ga{r?%rg%t ?‘E‘% cogﬁbéﬁcfﬁﬁgﬁorngﬁ%h t he
exhaust 2gohfrdlledly ragaduniag dpe badno Rvell with an vaone nommempafivPsensict O@Bn gas
is introduced from_ the nitrogen.gas cylinder 12 throygh the line L1 and
nto the s SRperesh R e inerLe BR0 SnBRtaC il Ak Haws’ Bt RsP R TIES e

f1 ow caot r ¢hd ezonifgenerator 8 fodgedbzagRTonipolbgsed sn tienekguredvalued out at a

desired vacuum (for exanple, 0.1 to 1000 torr) by exhausting the gas
within the reaction chanber 11 and feeding nitrogen gas into 30 the

reaction chamaibodimaridoft e irA&BbE Ofor Oforhing BlEsH | dXitleC BN a8 - ddscriBed
substitut ed ER%/ nitrQﬁert}Tﬁ]gﬂs. WO 2006/ 097525 PC%’%EP%OOG/ 0?%2%9 14
Begi nni ng WefaRaiRy diRg e ingorPiBmarrarali JeecHBRe PR 6EIIeH en gas purge
step,

15 1 Nitrogen gas purge

A treatment substrate, for exampie, a semiconductor wafer {not shown}, is
mounted on the susceptor within the reaction chamber 11 and the wafer is heated
to 50 to 400°C by a temperaiure regulator incorporated in the susceptor. As shown
in Figure 1, the shutoff vaives V5 and V7 are ciosed and the other shutoff valves
20 V1 toV4, V8, VY5, and V7’ are all open. The closed control valves are shown filled
in biack in Figure 1, w“hile the open control vaives are shown in white. The status of

the shutoff valves in the following descriplion is shown in the same manner.

Then, while exhausting the gas within the reaction chamber 11 through the exhaust
25 line L2 by the operation of the vacuum pump PMP, nitrogen gas is introduced from
the nifrogen gas cylinder 12 through the line L1 and into the reaction chamber 11
under feed fiow rate conirol by the mass fiow controfler MFC1. A nitrogen gas
purge is thereby carried out at a desired vacuum (for exampile, 0.1 to 1000 torr) by
exhausting the gas within the reaction chamber 11 and feeding nitrogen gas into
30 the reaction chamber 11 and the interior of the reaction chamber 11 is substituted

by nitrogen gas.



Si conpound gas is continuously fed into the line L4 fromthe Si conpound
gas cylinder 13 under feed flow rate control by the nmass flow controller
MFC2. However, during the nitrogen gas purge step described above, the
shut of f V@bhWgosaiedas Which resides in the line L4 that pqieskisds® the line
L1 that extends to the reaction chanber 11, is closed and the shutoff
valve V5', which resides in the branch Jjne L4" that connects to the
exhaust line L2, is open, and as a result this Si compound gas is not fed
into the reaction chanber 11 during the nitrogen gas. purge step, but
rather is gxh@aHsGaMtHdnd 6@:%r¥uhfg°ﬁk§l’h tﬁé‘%bbdrélﬂésdnﬂe@ﬂﬁrdgén g‘agt;ﬁlrée,hgteﬁ
exhaust |line L2. "In addition i nni n continuing fromt

above- descSi pe@Paing ggeif g@rgmuguﬁqagée%t th%iu}ﬂgbﬁ frpa thes StepmpPoHIsLERS f ed
through thg%ul HBF 435 Eaﬁqﬁtéaeﬂeesy&%@ copdal %%'ﬂh@dﬁ{asé“ﬂdmpoh IR% MAEC2.
gener at or under Pee ow rate control mass ow controller
MFC3. A deioneden siwang ltes altragsn ges! pusge Sien ﬁ@%@@%@bg‘éﬁ}éh&ﬁ@ﬂtoﬁ@a'v%nd
oxygen £onial Wi ALABE iR indIE LA Rk EHRHEEREANL Mo (1 FialEXEHag R knd S I ed
into the I'ihe om the ozone gener at or e nmeasuring the ozone

| evel wi t hrddution @hembec dic énticaed @lndsthasshutdmm O debich rresldes lird lﬂ'ﬂB L6,

t hr ough whj X an en flows,, and ex lng

f oeaback eBiahchiie L fiet offfiech o35S Bt iR 21 obel iy AruBif el D,
ozone geneb@ﬁw@buﬂcﬁgagsmo@wed o ltmwéédt:al chmaumobumbuae riﬂed@negas during
t he nltrogen gas purge step described abov the shutoff valve V7, whi ch

r esi des i nptnrs@ fiemcbytgathrals diavatedon t?eti Hampgﬁéhi hnqsnla% angd i it ey t he
reactl { &% is closed and the shutoff valve VT, which resides in
t he branch I ne L that connects to the exhaust line L2, is open, and as

25 a result this ozone + oxygen mxed gas is not fed into the reaction

chanber 11!rh9{}§|h5'r9 Séﬁ%ﬁdeﬁ@ﬂ?ﬁg%ﬁtsmﬁ@%ﬁ%ﬁ% a%c{e%&% H_né%éﬂ"sgé@t ed by

feed throu Into”the exhaust 11 ne
conmpound gasrgaﬁtsg, GKygen gascidiasgtityansivt fed thraugh thédine Lisnfremdhe exygen he

ST V2L i B U ANE R, e RS o gy i
15 flow controlier MFC3. A desired power level is appiied to the ozone generator 16,
and oxygen confaining ozone at a desired concentration (the mixed gas) is fed into
the line L& from the ozone generator 16 while measuring the ozone level with the
ozone concentration sensor OCS provided in the line L8, through which the mixed
gas of ozone and oxygen flows, and exercising feadback control of the applied
20 power and the vessel pressure of the ozone generator 16 based on the resulting
measured value. However, during the nifrogen gas purge step described above,
the shutoff valve ¥7, which resides in the line L& that connects io the line L1 that
extends to the reaction chamber 11, is closed and the shutoff valve V7, which
resides in the branch line L6’ that connects to the exhaust line L2, is open, and as
25 a result this ozone + okygen mixed gas is not fed into the reaction chamber 11
during the nitrogen gas purge step, but rather is exhausted by feed through the

fines L6 and L& into the exhaust line L2,

2) Si compound gas pulse

30 Proceeding from the state shown in Figure 1, the shutoff vaive ¥5" in the branch

line L4’ is closed and, in synchrony with this operation, the shutoff valve V5 in the



WO 2006/ 097525 PCT/ EP2006/ 060829 15 line L4 is opened, as shown in Figure
2. After a desired period of tine, the status of each of these shutoff
valves V5 and Vb ' is then reversed. During the interval in which the
shut of f wgbugoekarshs open, Si conpound gas fromthe Si q/EPoMRMsERS
cylinder 13 is fed under flowrate control fromthe line L4 into the line
LI and is 5 pulsed into the reaction chapgber 11 along with nitrogen gas.
This pulse results in the adsorption of an approxi mately nononol ecul ar

| ayer of the Si conpound on the heated surface of the sem conductor wafer
nmount ed on)itde4 %J@;féﬂéaoas sibwr® Figea @t neBr & BasTReY pekibd of maé) thdlistdtegen gas
purge After the Si npound ul se has been delivered, a nitro en gas
purge is &&@h D’éﬂ'leéﬁtShéthff Yﬁiﬁsg\rffg@nﬂ g’ @W@ﬁé’?\’\%{%%@@’!‘@tﬁﬂ@ igke

shutof f va | omt he
status in Il'yl gcﬁrt}e{gf?] ﬂgw\e/‘gahﬁvg I|é gﬁeﬂ&oénkgcamﬁdgmgr#ég act egﬁ% ! kbﬁg%&nf\ddgésr

remai ni ng iylindee 18 daded underHiovbeate Tonirgl fign dhh dins Ladntoythadiaes-loand ke

Cubst ¢ Bt CHOBGC ity el Bhafbel 1 sRREXAMLSIATBEL Tricpinte RABIER. g

}‘ romthe st adszjnwwm ofnarIF|a9pmnrﬂatelyheomhu@letdlawhlymeof\ﬁﬁa B ¢dmpdandneh 20
[ L6 h '
valve v7 i The REAEH sfBo of el REHch M uctls flahlnio, ARG 8 Wsus BBioP IV . | o

period of téaution thambéraius of each of these shut off valves V7 and V7' is
then reversed. During the interval in which the shutoff valve V7 is open,

the m xed gas of ozone and oxygen, supra, is fed fromthe |ine L6 into
the |ine L3)andNit®aptkbasguigat o t he reaction chanmber 11 25 along with

i t [t of thi d_adsor bed
neat eq sur e B & rompeiind s elie? Yol fseh ialipied GhTERIe GBREIGR N n | he
reaction chamiegout bshi FRyureli mewrshmh@émm of B )sBehivaed Weand Mesul ting

in the formation on the surface of the sem conductor wafer of a silicon
oxi de fil min thet bne L4 and the branch line L4” from the status in Figure 2. When this is

done, the unreacted Si compound remaining in the reaction chamber 11 is
156 exhausted by means of the nitrogen gas and the interior of the reaction chamber
11 is again substituted by nitrogen gas.

4} Ozone + oxvgen mixed gas pulse

Proceeding from the sfate shown in Figure 1, the shutoff valve V7’ in the branch
20 line L& is closed and, in synchrony with this operation, the shutoff valve ¥7 in the
~ line L6 is opened, as shown in Figure 3. After a desired period of time, the status of
each of these shutoff valves ¥7 and V7’ is then reversed. During the interval in
which the shutoff valve V7 is open, the mixed gas of czone and oxygen, supra, is
fed from the line LB info the line L1 and is pulsed into the reaction chamber 11
25 along with nitrogen gas. As a result of this pulse, the Si compound adsorbed on the
heated surface of the semiconductor wafer mounted on the suscepior in the
reaction chamber 11 is oxidized by the czone + oxygen mixed gas, resuliing in the
formation on the surface of the semiconductor wafer of a silicon oxide film in the
form of an approximately monomolecular layer.
30
A silicon oxide film of desired thickness is formed on the surface of the

semiconductor wafer by repeating these steps of 1) nitrogen gas purge, 2} Si



form of an approxi mately nononol ecul ar | ayer. 30 A silicon oxide film of
desired thickness is forned on the surface of the sem conductor wafer by
repeating these steps of 1) nitrogen gas purge, 2) Si WD 2006/ 097525

PCT( EP200£4060%8%25s 16 conpound gas pul se, 3) nitrogen pgasrbsicdfsrand 4)
ozone + oxygen m xed gas pulse. After 4) delivery of the ozone + oxygen

m xed gas pulse, a nitrogen gas purge ig carried out as in Figure 1 by
reversing the status of the shutoff valves V7 and V7' in the line L6 and
the branch Iine L6' fromthe status in Figure 3. Wien this 5 is done,

reaction byspbOEHLESs lde! BF nitdgeA GaB huRge) Ehd 4 ¥R Bixygsh Bidted G&TRI Ni ng
in the reaction chanber 11 are exhausted by neans of the nitrogen gas and
the interi gulsef Aftered) delivenon’ Bieaptie 1 DXygermgirad gadh sriseudUregRr 98S ogen

gas. An Si i ' Y ' 61 Rk whetofSuanRe s an
exanpl e of pﬁ%ﬁgﬁgﬂggsﬁ&g%%i@ conggbtﬁtdeviéfgﬁgﬁﬁ% gic?ﬁur%xi_de_ filmformation
usi ng t he &hil MZf ibrthe e L6 ppditha bransh boeL61iram HierHatus in biggresh Ve t¥s bed
above. ver., . i |.S h 1S | LOUA | ent
t enper a?ﬁr S %éﬂ%\ﬁ@%@* "3’@6@,‘”8@@%%3%”%?“9 (L:'g%p%gtt?ﬁdg%ogr? gt &l)ﬂéle ef?‘lgxr(?ta ?géc‘fﬁced
i nto the reaosining icfEneactidr chesnivey H drelsxhausieq by cens of thennitrpgen fas

ternms, a bubbler. s provided.in pla . the. Si Qinaczlljigg. cyl i nder
13 shown i fi" iﬂlﬁfpgeg‘oﬁoﬁ eée%%'a ntcﬁﬁ@%gﬁg{)ise%%fnséuggn Hect dnaﬁgﬁ%r}ga}sanch l'ine
branched off upstreamfromthe valve VI in the nitrogen gas-carrying |line
L1, rmaking if. possi bl o repeat the steps of 1) nitraqgen gas rge, 2)
Si corrpoun%‘n %é%”}ﬂ?f‘%?ha%fs ﬁ?%%’@é#}aaﬁ)ée Eﬁn&e,ratgﬁ%isdjseg%nagg q_xag%%gﬁ m xed
gas pulige. tiR) gasbusesictampourahirbeilicon bridedid formationuosisg theviir-gortriirey ot her
can-be introduced ul ses (pul sed- reqi . In,accordance w t.h the
ot ecedi ng. REUALFRsowrb ) £ BRRe §dS hand deBF e Apove nHRUEHE" BRI Flery o
g, pul se of gsmpaeﬂrf]@@uﬁégm,is ?ﬁuieﬁm @rﬁﬁi@ﬁ%ﬂéﬂ@bﬁit%remmhm@!sggaseﬁﬁs bayer of
| compoun cor%?)oande ch rstiﬁ‘%ee i%tro%uoeedt in oa;thrgerrgac{?gn gﬁérﬁgeer 17 %ts.%g é%ugbler
procedure. in spegcific terms, a bubbler is provided in place of the Si compound gas
15  cylinder 13 shown in Figures 1 to 3 and this bubbler is connected to a branch line
branched off upstream from the valve V1 in the nitrogen gas-carmying line L1,
making it possibie to repeat the steps of 1) nitrogen gas purge, 2) Si compound
gas pulse, 3) nitrogen gas purge, and 4) ozone + oxygen mixed gas pulse.

20 One reactant can be introduced continuously while the other can be infroduced by
pulses (pulsed-CVD regime).

in accordance with the preceding embediment, by inducing the adsorption, through
the delivery of a pulse of Si compound gas, of an approximately monomolecular
25 layer of Si compound on the surface of the treatment substrate heated to a
relati.ve!y low temperature no greater than 400°C and then, after an inert gas (for
example, nitrogen gas) purge, delivering a pulse of ozone-containing mixed gas
(for exampie, an ozone + oxygen mixed gas), the thorough oxidation of the Si
compound adsorbed on the surface of the freatment substrate by the sirong
30 oxidizing action of the ozone in the mixed gas enabies the formation of a silicon
oxide film in the form of an approximately monomolecular layer. In addition, the

implementation of an inert gas (for example, nitrogen gas) purge after the oxidation



relatively |low tenperature no greater than 400' C and then, after an inert
gas (for exanple, nitrogen gas) purge, delivering a pul se of
ozone-containing mxed gas (for exanple, an ozone + oxygen m xed gas),

the thoroyghyRxbsdstion of the Si conmpound adsorbed opcichgsWhimse of the
t reat ment su%strate by the strong 30 oxidizing action of the ozone in the

m xed gas enables the formation of a silj,con oxide filmin the formof an
approxi mat el y nononol ecul ar layer. In adgl tion, the inplenmentation of an
inert gas (for exanple, nitrogen gas) purge after t he oxi dation WO

2006/ 09752 R6dh FEkE97/p388BIE %0 ptgvern?&fét Ad¥orpiRkes mdistdRSEHIN thd RaBliGy ent

the adsorption of noisture within the reaction chanber by the silicon
oxi de fi | ntharabertysthe silipon @K'ﬁ@(ﬁ’m that Hagbaen @%’”leﬁeﬂﬁ'ﬁleﬁﬁ’?'%ﬁ’e formagiipn

excel I'ent ¢ L} co0ax éﬁg;oh gx!th R Sp{twatah%t-: Beﬁ@.dtrahnﬁgtgmgs%emﬁmsw

inhibited or prevente I con oxide fil ror exanple, an
excel | ent pepfeyentadcSuctsa wiicen peda film hies, fenexasanagen exaalient perigsnaneser |

since the the surface of the treatnent substrate
3 §’=tg‘yf‘8%99§%f‘f3“ﬂ9$@§@m et ce .

is oxidlze ul se o gas containing a suitable anmount of
ozone (for exanple, a concentration of 5 to 20%, oxidation to the surface

of the 10 m&&da?ntméggﬁye.t gomeatﬁgérgeaecan ARt Jf%gtt?%;gggf ;)fs

ozone- cont al ni ng m xe gas e pr evente
little eff euﬂ:stmte tshexldnzeda@yraapulsstdfa rixes gancentainimgra guitabiel ammywhof of

this ozone-cont n X r d I
t ermper at ur BEH PLERIk S BoflSweein of 5" QAR oRRafbrbly B8 friacfi e |
beari ngpa irieh’ménttsmbshraet whizhhhagh beermmenﬁxmﬂdeﬁ)r dine ame ezismzlayle-bﬁnwtiimu zabl e
metal filmaor t al | de |Imtoforrrat| 0 a Sil |de
accor di ng W?‘ﬂ% @rﬁ?’og#\meﬁ?. o1 5a b P'?V? trp !iﬁi& %@e‘%.%" Iﬁ) a MOS
tr ?nsi st or trebemnt %ﬁb@trﬂe §irg2 th@ymurreamwm ngttﬂ@ozdm-cdmtainﬁhg (Drlﬁxéﬂlngaéte .
waf er 100,  a the res I ve ai n IS cate
the gate 16N ?’ﬂg‘t‘ eé)”g?ee?‘e@t"’r{@%? 'Fels ’Pﬂketsh' ﬂ@?‘é?%l%’g Mste 102
deposi t ed %‘B@M@erﬁ%bsi?ét@t Bsdringea Siimni nwlerant tehighl empkadueseod an eraslly y

15 oxidizable metal film or metal silicide fiim {o formation of a silicon oxide film

according to the embodiment.

On fig. 4 is illustrated a side view of a MOS ftransistor comprising a Si02 layer
according to the invention.On the wafer 100, above the respective drain 105 and

20 source 106 is located the gate 101 in the gate dielectric material with the metal
electrode 102 deposited above 101. Proteciive silicon oxide films 103 are laterally
placed on the lateral ends of the gate 101 and metal gate electrode 102.

SiO; films 103 are aiso deposited on the top of the source 106 and the drain 105.
25
Exampies of the invention are described below with reference to the figures 1 to 4:

Exampie 1

The film-forming apparatus shown in the hereinabove-described Figures 1 fo 3 was
30 used. A silicon wafer was positioned on the susceptor in the reaction chamber 11

and the wafer was heated to 100°C. A silicon oxide film was formed by repeating

the steps of 1) nifrogen gas purge, 2) Si compound gas pulse, 3) nitrogen gas



pl aced on the | ateral ends of the gate 101 and netal gate el ectrode 102.
SiQ2 filnms 103 are al so deposited on the top of the source 106 and the
drain 105. 25 Exanples of the invention are described below with

refer encewb%ﬁmﬁ.,sfzggur es 1 to 4. Exanple 1 The fil m fenifigeARRS at us
shown in the hereinabove-described Figures 1 to 3 was 30 used. A silicon
waf er was positioned on the susceptor in.dhe reaction chamber 11 and the
waf er was heated to 100C. A silicon oxide filmwas formed by repeating
the steps of 1) nitrogen gas purge, 2) Si conpound gas pul se, 3) nitrogen
gas VO 2008(,QR7 afa ﬁqidﬁew%?%@%aﬁeq &8s Pieaciding o WO Mereindbolgen

m xed gas pul’se according to e herei nabove- described enbodi ment using
t he condi t Peseribge smbiogimaen asiea tha pongitiansgiascrred BaloWe 5 pressure within
the reaction chanmber: 3 torr nitrogen gas feed flow rate: 130 sccm
nitrogen gas purge time: 6 seconds 2) Si conpound gas pul se 10 pressure
wi t hi n t het) eacNiiiggecbagburge 3 torn  Si conpound gas: trisilylam ne (TSA)
gas TSA gas fegd fl s : fme: 1 second 15 3)

Ni troge? gas purge %%%%&éh'%tﬁﬁﬁgqiﬂiéﬁ%@ﬁr?gﬁé%harrber: 3 torr

nitrogen gas feed f|nivogentgss fedDiiow cate: H3Q $@@gen gas purge tine: 6 seconds

gﬁaﬁ%e?:zoget ;r ?xygemitpad%%dga%ap%ré)é‘h,ﬁg: 6 RLGSSdre within the reaction

2) Si compound gas pulse
10 . pressure within the reaction chamber: 3 torr
. Si bﬁmpound gas: frisitylamine (TSA) gas
e TSA gas feed flow rate: 2 scom
. TSA puise time: 1 second

15 3) Nitrogen gas purge

. pressure within the reaction chamber: 3 torr
. nitrogen gas feed fiow rate: 130 sccm
. nifrogen gas purge fime: 6 seconds

20 4) Ozone + oxygen mixed gas pulse
. pressure within the reaction chamber: 3 forr
. feed flow rate of the ozone + oxygen mixed gas (5% ozone conc.):
20 sccm
. mixed gas pulse fime: 2 seconds
25
Exampie 2
A silicon axide film was formed by the same method as in Example 1, but in this
case heating the silicon wafer placed on the suscepfor within the reaction chamber
11 to 200°C.
30
Example 3



feed flow rate of the ozone + oxygen m xed gas (5% ozone conc.): 20 sccm
m xed gas pul se tine: 2 seconds 25 Exanple 2 A silicon oxide filmwas
formed by the sanme nethod as in Exanple 1, but in this case heating the
silicon wafer placed on the susceptor within the reaction chanber 11 to
. 200C. 30 Exanple 3 19 A silicon oxide filmwas fornmed by the same net hod
as in Exanple 1, but in this case heat%pg the silicon wafer placed on the
susceptor within the reaction chanber 11 to 300C. 5 The thickness of the
silicon oxide filmwas neasured at each cycle of the instant filmformng

pr ocedur eaj diicak Rl whe formdaXs) MletsamdVatetii Bé & EkBnpION bukth eug! es) . A

silicon oxide filmcould be formed in Exanples 1 to 3 wth good thickness
cont rol whasohaatiag theslliernt water placee an dbe susagptor avithimibgtreactinn chambeeycl e.

I n additi @9 &gl anal ysis was carried out on the silicon oxide film
produced in Exanple 3 after 200 cycles (wafer tenperature: 300C). It was
confirnmed that film production at the |low tenperature of 300C could

provi dg_afng¥iekeB8lor e Bt B8 Tim WelsTblsdtl b o6t RRJY o Bid Al ! On 1S
prevent ed. ing a stlicon warer bearing a nolybdenumthin filmonits
surface afim-fegmingnprasedure i |Exaowlesxildto 3 Knxavaplef brwasl carrigdhéhreuglf ace of

o™ PSR e ot G R B B AL B 1,

(100 cycl es an exam natton of the § t he
nmol ybdenuthitkness Eontrol withowtiarf iocutetiot beriothdes Faty of abduir.2-h& Acydleon oxi de
film Oxidation of the nolybdenumthin filmwas not observed, even though
an ozone + oxygen m xed gas (ozone concentration = 5% was used

in -addition, FT-IR analysis was carried out on the silicon oxide film produced in
Example 3 after 200 cycies (wafer temperature: 300°C). It was confirmed that fiim
production at the low temperature of -300°C coulid provide an excellent silicon oxide

film in which OH bond introduction is prevenied.

Using a silicon wafer bearing a molybdenum thin film on its surface as the sampie,
a silicon oxide film was formed on the surface of the molybdenum thin film using

20 the same method as in Examples 1 to 3 (100 cycles}. This was followed by an
examination of the status of the molybdenum thin film, which formed the underiayer
for the silicon oxide film. Oxidation of the molybdenum thin fitm was not observed,
even though an ozone + oxygen mixed gas (ozone concenfration = 5%) was used
as the oxidizing gas.

25
Example 4
AL D deposition of SiO» films using BDEAS and ozone:
Films were successfully deposited on silicon and iridium by ALD using BDEAS and
a mixture of ozone/oxygen, using the set-up of figures 1 to 3.
30

The chamber was a hot-wall reactor heated by conventional heater. The ozonizer

produced the ozone and is conceniration was approximately 150 gfm3 at -0.01



as the oxidizing gas. 25 Exanple 4 ALD deposition of SiQ2 filns using
BDEAS and ozone: Filns were successfully deposited on silicon and iridium
by ALD using BDEAS and a m xture of ozone/oxygen, using the set-up of

figures Jwé?ooﬁmw%% The chanber was a hot-wall reactor pheabafichbsze
conventional heater. The ozonizer produced the ozone and its

concentration was approxi mately 150 gf at -0.01 WO 2006/ 097525
PCT1EEP2006/ 060829 20 MPaG BDEAS (Bi,s(diethyl am no)silane, SiH2(NEt?2)2)
was introduced to the reaction chanber 11 by the bubbling of an inert gas
(nitrogen)pi | Qptabl Ghis ' i . kJYBN Foadidd Rre: -
7.0 sccm Oh?fpa?-ég%gcﬁ‘ggjle-%m)%l%ﬂg’cc%ﬁiﬁn t ew?gnge Q?ééloo '[t g %H%;ccn]
- N2: 50sccreactiore ppamberuil & hyatgi hublliegvefean Jogrt sae (iiwgen) intpdha o
pressure: Jard. Li £ 5 Torr] 10 - Purge and pul se
tinmes mereé'{"}g%'f?é‘h gxé%ﬁiﬁaggg‘fggﬁ%éeéegch. - The nunbergof cycloes was
typically set t700 8@8n Oycl es. Experinents were perforned in order to
determne fil mipg&% teristics such as deposition rate, deposition
temperature, filmqualiity and film conposition. 15 Si02 films were
obt ai ned on Si BREAS:.1 SmpoBn thecmsgatf 2007 s@50] 300, 350 and 400C were
carried out. T[Fg gosi ted filnms did include neither nitrogen nor carbon
according to in* g%"hnal ysi s by Auger.

- Temperature ranging between 200 and 400 C

- Operating pressure: 1 Torr [in the range of 0.1 to 5 Torr]
10 - Purge and pulse times were iypically set at 5 seconds sach.
- The number of cycles was typically set to 600 cycles.

Experiments were performed in order fo determine films characteristics such as
deposition rate, deposition temperature, film quality and film composition.

15 .
Si0, films were obtained on Si wafer. Depositions at 200, 250, 300, 350 and 400°C
were carmied out. The deposited fiims did include neither nitrogen nor carbon
according to in-depth analysis by Auger.

20  SiO, fims deposited Number of cycles were varied (350, 600 and 800 cycles
deposition tests) and SiO» films deposited to check that there was no or negligible

incubation time.

Depositions on iridium were performed in order to observe the possible oxidation of
25 the metal electrode. The Auger profile shows a sharp interface between ALD SiO;
and iridium substrate, and therefore no metal oxidation was cbserved.

Example 5
ALD depaosition of SiO- films using BDMAS and ozone:

30 Similar experimenis were carried out in the same conditions as in exampie 4. High
quality films were obtained at a deposition rate of 0.3 A/cycle at 1 Torr between
250 and 300 C.



20 SI02 filnms deposited Number of cycles were varied (350, 600 and 900
cycles deposition tests) and SiQ2 filns deposited to check that there was
no or negligible incubation tine. Depositions on iridiumwere perfornmed
in order {@ RAhsRr%e the possible oxidation of 25 the ﬂ@g@w}gjogﬂg&g ode. The
Auger profile shows a sharp interface between ALD Si02 and iridium
substrate, and therefore no netal oxidation was observed. Exanple 5 ALD
deposition of Si02 filnms using BDVAS and ozone: 30 Simlar experinents
were carried out in the sane conditions as in exanple 4. Hgh quality
films were obtained at a deposition rate of 0.3 Alcycle at 1 Torr between
250 and 300 C. WD 2006/ 097525 PCT/ EP2006/ 060829 21 Exanple 6 ALD
depositi onE¥eMgie® films using Tri DVAS and ozone: Sinilar experiments were
carried outyi i LE Ly } 4. Hgh 5 quality filns
wer e obt ai Er?\(!:" ac%ﬂ&?tsﬁ@%ﬁ%ﬁ%?@hé?%{ﬂ% Tg?%%gﬁg%é at 1 Torr between 250
and 300 C. Simigrsxpermants weeg cairiedcut & thsi ssneg ¢angitiops jag dn TEANPleZbigand a
catal yst [ NEL=2) 41, ! I : | i Wb LCON by
ALD by glt?&%@?&@?%f%??@ o %t\éngP‘?ﬁﬁizf fajég’:f 0% AFRER &t rnge%“L’ ' TSA,
N2, and an20@@nd/0%yHen 03/02 m xture (nitrogen bubbling through a nmass
flow controller into Hf (NEt2)4 provides a m xture of this catalyst and N2
which is alternatively introduced in a simlar way into the reactor 11).
15 The cham®xampies7 a hot-wal | tubul ar reactor heated by a conventi onal
heater. B il . f i f,.@an i nert gas
(nitr Ogen?ﬁ%@t %é%%@oﬁ})é ggﬁa’“‘rﬁﬁs L8NG YSIGEoRY ahd'§ cBHARRE AT

10 Films were successfully deposited on silicon by ALD by alternatively introducing

Hi{NEtL)s diluted in nitrogen, N, TSA, Ny, and an czonefoxygen O3/0» mixture
{nitrogen bubbling through a mass flow controlier into Hi{NEL:)4 provides a mixture

of this catalyst and Nz which is altematively infroduced in a similar way into the

reactor 11).
15
The chamber is a hot-wall tubular reactor heated by a cenventional heater. BDEAS
was infroduced to furnace by the bubbling of an inert gas (niiregen) info the liguid
aminosilane. Typica! experimental conditions are:
- 4sccmOs
20 - 96 scecm O,
- T3A: 1scomiin thé range of 1 fo 7 sccm]
- Nz 100scem
- Temperature: 400 C
- Operating pressure: 5 Torr
25 - Pulse durations were typically set at 5 seconds each and pﬂtse duration

10 seconds

- The number of cycles was 44 cycles.

A thin film of silicon oxide with no detectable level of hamium was observed by
30  Auger spectroscopy.



am nosi |l ane. Typical experinental conditions are: - 4 sccm03 20 - 96
sccm02 - TSA: 1 sccm|[in the range f 1 to 7 sccn] - N2:100sccm -
Tenperature: 400 C - Operating press%?e: 5 Torr 25 - Pul se durations were
typically set at 5 seconds each and pul se duration 10 seconds - The
nunber o RYI‘E%.ES was 44 cycles. Athin filmof silicon oxide with no

det ect ab !; el of hafniumwas observed by 30 Auger spectroscopy. 22
CLAIMS: 1 - A nethod of formng a silicon oxide containing filmconprising
the steps of: a) providing a substrate into a reaction chanber, b)
injecting into the reaction chanber, through an ALD process at |east one
silicon ¢erR methaagpf carnraLu dilisel ®@ddeechritzining filve cogmprigingtbn Stepkiofig of @ -

am nosi |l anes having th ormula (R . R2 SiH4-x wherein R, and R2 are
H Cl1-C4 i eB?oy'dH%a%ﬁLﬁEha{?r'n@fcrl(eﬁgﬁocpa?%ﬁe&hai nand x is conprised

bet ween 1 a)dinfectindpenioi the Readtibn R2amUeB, tHRsugRSan Rd Dapecesdlepéradeptey H, O,
C -C6 linear, ..branched or cgcli Saéar,(bqon'chrzlii n. - Si I.Sgnes having the
formul a (Si H3FAREN COMRPIPG P Bvﬁ Y VAR HPHR GO P S mul a Si (NCO 4 ¢)
injecting into theamgrclires revmglthe fortriufzo{Ry IR ), SitD-pwheressR, ang)® m xture

i Si d it h ti 1 bel 20% vol . ;
d) reacting at a tafpdhatiie BEPOWISIE i S InCTRAECTEN CRARbET at

| east one - comprised between 1 and 4,
wherein R, R", R? R®, R* R®, R® are independently H, O, C-Cs linear,
branched or cyclic carbon chain.

- silanes having the formula {SiH3)sN,
- Tetra(isocyanato)silane having the formula Si(NCO),

¢) injecting into the reaction chamber, through an ALD process, a gas mixture
comprising oxygen and ozone with a ratio ozone to oxygen below 20% vol.;

d) reacting at a temperature below 400°C info the reaction chamber at isast one
of the silicon containing’ compounds and at least one of the ozone containing
gases in order to obtain the silicon oxide containing film deposited onto the
subsirate;

e) Repeating steps b) to d) until the desired film thickness is obtained.



of the silicon containing conpounds and at | east one of the ozone
containing gases in order to obtain_the silicon oxide containing film
deposited onto the substrate; e) Re% ating steps b) to d) until the
desired filmthickness is obtained. 23 2 - A nethod according to claiml1,
wherein the ozone containing gas conprises ozygen and ozone with a ratio
ozone to oxygen preferably 5% to 20% vol. 3 - A nethod according to claim
2 wher ei b 4 Aemstibdtacadeirgstohdaitred, whetelire thee azdrieorontaihiagiyes @itpeises t s

i ntroduction r.ef er abl u to th rea ature, prior to
carryi ngogﬁ?hgﬁgﬁgorﬂ)@)w't%? &Ozgﬁﬁ?% @% pﬁer}erag@r?fh %ﬁéé’@{)r ding to claim?2
or 3, wherein at |east one of steps b) and/or c) is carried out by

di scontipued injection of at t one t he, co unds an d/ or ases. 5-

A et hodS SohdPaPG PETERE BT A MO, e RRERaE FoRIet i RS0 1 ect f on
of at | eRehbedndict GEPOMSHiCANRT ;iréar@ﬂﬁummttm eetioprchambgr xy@esuand ozone

is carried .out in the re tloa)e Cﬁ?b 6 - A nethod according to one of

tio

cl ai ms 1PPYY 19 CagHRG gyt plens n of at |east one conpound and
the gas m xture conpri sing oxygen and ozone is carri ed out in the

hee it e R s derpth e 28° Snendin 4R ol of eBhe Bl oS s opone

i s adsor bsrele® But Byedisavhtinet :ﬁﬁecﬁdreofaswmstasfmtﬁtm c@ﬁpmmdtsraadﬁongm:rsl on of
anot her conpound and/or at |east one gas m xture conprising oxygen and
ozone. 8 -A nethod according to one of clains 1 to 7, wherein each

conpoundsardhethog agcordingtitfobe ad ERirs it g @mgm sinitorsue ihjagtetdfen is
ction such as.an inert as Inj eCtIOI'] in the

foll owed, b r S inj
Foact | oneatromEo e iic gas s Fona s Bnengen and tzend s S wher ef 1
conpoundsutan ¢H=oiea gt chaﬁjbéﬁ‘.,tl ons are repeated until the desired Si Q2
containing filmthickness is obtained. 24

8 — A method according o one of claims 1 to 4, wherein alternate injection of at least

one compound and the gas mixture comprising oxygen and ozone is carried out in

the reaction chamber.

7 — A method according tc one of claims 1 to 6, wherein the at least one compound
or the gas mbdure comprising oxygen and ozene is adsorbed on the surface of the
substrate prior to the injection of another compound and/or at least one gas mixture

comprising oxygen and ozone.

8 — A method according to one of claims 1o 7, wherein each compound and/or gas
mixture comprising oxygen and ozone injection is followed by a purge gas injection,

such as an inert gas injection, in the reaction chamber.

9 - A methed according t¢ one of claims 1 to 8, wherein compounds and/or gas

injections are repeated until the desired SiO2 containing film thickness is obtained.



10 - A nethod according to one of clains 1 to 9, wherein the reaction
chanber pressure is at nost 100 Torr, preferably at nost 5 Torr. 11 - A
nmet hod according to one of clains 1. 10, wherein the H bond content in
the Si2 containing filmis less than 8.1021 atons/cc. 12 A net hod
according to claims 1 to 11, wherein the oxygen/ozone gas mxture is
diluted into an inert gas, preferably nitrogen. 13- A nethod according to
anyone of clainms 1 to 12, wherein the silicon containing conpound is

S el (eg_t ed ! b I-OR fnbhog rpro S Rlﬁé gﬂ ;:la(rfééSA) toTQB i wﬂ(xédr;ilnaum'ﬁ nleaét;SnH?ia_Brlﬁ&er BDVAS

i s(diet am no) si |l an t i s(di met hyl am no) si | ane

Si H2( NVeD)essUrpis %I\Vﬁgs"'ﬁﬁpﬁl@&”' %@Fﬂﬁe"é{ﬁ% H&S’f@ e Si H(NMe2) 3

Bi s(trinethylsilylamno)silane Si H2(NHSi Me3)2 TICS

Tetra(i socyanat 0) si | ane, Si ( NCO) TEAS Tetraki s(et hyl am no)sila

S (Nt 4T T8 MR arGar s o g T Bl e il BEREGONE (HigP ei n an
inert gasidscoatdiing filfi & asbsarsh 81hY ddims/eeact i on chanmber. 25 15- A nethod
according to any one of clainms 1 to 14, wherein a snmall anount of

catal yst, such as less of 1% of Hf (NEt2)4-or NHEt2 is introduced into the
react i on12chanb@bd atfordifg1Bthads fias 1f ORRéra the SkygetizonX igee ni@dieds Ni ng
filmon g sg@st rate, conpri gel qﬂ: _ aé rPrOVi ding a reaction chanber, and at
| east on&IYEHELT 27 BeFi9F5oNEF 7MY "RES eact i on chanber; b) introduci ng

bi s(di ethylam no)silane into the reaction chanber; «c¢) introducing at

| east one_oxygen containin as into the reaction. chanper, wherein the
oxygen c&ﬁfﬁi%ﬁﬂ'@dgaﬁo'id?gs | EYPRT F@W%M‘@@n,‘”rﬁ%ﬁg}e gﬁ‘(‘i’r\/\%ﬂ'@'”'{)ﬁpor; and

compound is selected from the group comprising:

(TSA) Trisilylamine (SiHz);N
BDEAS Bis(diethylamino)silane SiHx(NEt;)2
BDMAS Bis(dimethylamino)silane Sin(NMGg)z
TriDMAS Tris(dimethylamino)silane SiH(NMe,),
Bis{trimethylsilylamino)silane SiH(NHSiMe;),
TICS Tetra(isocyanato)silane SI(NCO),

TEAS Tetrakis(ethylamino)silane Si{NHEL),

14— A method according to anyone of claims 1 to 13, wherein an inert gas is also

introduced into the reaction chamber.



d) depositing a silicon dioxide filmonto the substrate, wherein the
substrate is naintained at a tenperature between about 100C and about
400C. 17- The nmethod of claim 16, wherein the silicon dioxide filmis
deposited onto the substrate throughgan Atom c Layer Deposition (ALD)
type process. 18- The nethod of claim 17, wherein the silicon dioxide film
I s deposited onto the substrate through a Chem cal Vapor Deposition (CVD)
type process. 19- The method of any one of clains 16 to 18, further

conpri si ﬂg-wrr&tmﬁ éé&ﬁrd. (fﬁﬁ&hﬁ%@ﬁﬁﬁi‘éﬁﬁs With hsahbREt b G Sabumest the
i ntroducti on of the di et Ryl ami no)si | ane and the introducti on of the

oxygen c6aBlEhisygh @és‘esszef 1%he HﬁNﬁ&& off NEiR. i§riBtreduced dntm the regstien,
further ¢RIMELSI NG purging the reaction chanber with an inert gas after
the introduction of the oxygen containing gas. 21- The nethod of any one
of clainms 16 to 20, further conprising depositing a silicon dioxide film

onto t he 18UlShERbE iMi&HHAd 2 SErBRRSESRSnG i 6R BRULSESe [dMbrRRgaver age
of 8 x 1021 hydrogen ators per cubic centifeter.
a) providing a reaction chamber, and at least one substrate disposed in
the reaction chamber,
b) infroducing bis{diethylamino)silane into the reaction chamber;
©) introducing at least oné oxygen containing gas info the reaction
chamber, wherein the oxygen containing gas is selected from oxygen,
ozone, and water vapor; and
d) depositing a silicon dioxide film onto the subsirate, wherein the
~ substrate is maintained at a temperature between about 100°C and

about 400°C.

17— The method of claim 16, wherein the silicon dioxide film is deposited onto the
substrate through an Atomic Layer Deposition (ALD) type process.

18— The method of claim 17, wherein the silicon dioxide film is deposited onto the
substrate through a Chemical Vapor Deposition (CVD) type process.

19— The method of any one of claims 16 to 18, further comprising purging the
reaction chamber with an inert gas between the introduction of the

bis(diethylamino)silane and the introduction of the oxygen containing gas.

20— The method of any one of claim 16 to 19, further comprising purging the reaction

-chamber with an inert gas after the introduction of the oxygen containing gas.

21— The method of any one of claims 16 to 20, further comprising depositing a silicon
dioxide film onto the substrate wherein the deposited film comprises than an average

of 8 x 10%" hydrogen atoms per cubic centimeter.



