Met hod of formng silicon oxide containing filnms The invention relates to a
met hod of formng silicon oxide containing filnms using a silicon precursor
and an oxwdavids/@as Background: In the front end nmanuf aetume2ek/ 06i¥Rib

sem - conduct or devices, a passivation filmsuch as SiNis fornmed on the
gate el ectrode of each MOS transistor. This SiN fil mdeposited on top and
on side surface of the gate el ectrodes (such as polycrystalline silicon or

nmetallic layers) in order, to jncrease.the breakdown voltage of each
transistor. Attenpts hgf\fﬁh%(g%%ﬁ@m@ ?'%ane?fﬂ%%cfe’ﬂémﬂ BBature deposition of
such SIN, to reach a tenperature which is not higher than 400 OC. However,

SiN filns _deposited at tenperatures bel ow 400 OC have usual Ié poorer film
qual i ti es.Theninyertion fedates & agrethed;of fogring silicon pxdde,eeiaiping,Baisqusieg @se
S fil ”%il&;Bnrp‘?%élfr%r%‘n ',l,\loj(ihhm@#sqperties ("dual spacer”) and thereby

e

make erfective electrical barrier”layers to inprove significantly the
devi ce performances. Also, SiQ2 filns are used as STl (shallow trench

i nsul atio ' | ayer dielectric (ILD) layers, passivation |ayers,
etch-stopraaa%}égpéﬁéﬂd attenpts are made to find a deposition process of

t hese Si On lileey roat 8hd Intanufadtpey et CMOS isemi-corduntot@6viess, d pasgsivatiopefitinf i C

case of dual spacer. lications, the deposition of a ver 20-50 A.thick
Chin ©11 mbugaRcta Tamedan dengata FrednpbeaaMas Faasive. Sois il pot)

shoul 4onotgehgaited Cor NRPOdrdRtdrOsigd slreadPich! td ﬁgétéo%?ecﬁf'b@é hgéﬂd_ﬂ bR
perfectly uniformall along the gate, and an atonic |ayer deposition
process i Polyesysialine silicombr metallithlayersg ipuprdendaincreasef the bigakdawrswltage

applicati rned, conformal filnms should be deposited with high
deposi ti O%??g?té?r@@%\gfeb?al hundred A per m nute) bel ow 500C. Deposition of
silicon oxide films made from silane and oxygen at |ow tenperature using a
PECVD. 1 e 18 b e it 8 Baiod Fhe \aSrati dssbeitenor Slh SR 6°

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

However, SiN films deposited at temperatures below 400°C have usually poorer
film qualities. In order to overcome this issue, it has been proposed to use SiO>
films to reinforce SiN film properties (“dual spacer’) and thereby make effective
20 electrical barrier layers to improve significantly the device performances. Also, SiO;
films are used as STI (shallow trench insulation), inter layer dielectric (ILD) layers,
passivation layers, etch-stop layers and attempts are made to find a deposition
process of these SiO2 layers at low temperature, i.e. below 400°C. In the specific
case of dual spacer applications, the deposition of a very (20-50 A thick) thin films
25 performed at low deposition temperatures (300°C at the most), should not lead to
the oxidation of the metal electrode and should be perfectly uniform all along the
gate, and an atomic layer deposition process is the most suitable such a
requirement. As far as the STI applications are concerned, conformal films should
be deposited with high deposition rate (several hundred A per minute) below
30 500°C.



I ncorporation of Si-H bonds into the SiOx fil mthereby obtained, which may
originate with the presence of hydrogen in the silane gas introduced as a
pr ecur sorwgasos/0bhs2s Si - H bonds then probably readily re&ct/prRids/oss29xygen

source in the environment to produce the Si-OH bond. The presence of such

Si - OH bonds increases the risk of having bransistors with an increased

| eakage current, and therefore a reduced breakdown voltage of the rel ated

transi stors. The inventors believe that the presence of a | arge nunber of

hydr ogen apepbsitiondedilicon briesilmscAldéfiom silarie8nPoxphet Ht RV temisbrafur@xygen
or oxygen containi ng [gas to generate the Si2 fim probably also generates

noi sture (HgiCP & B FRactar Bave failed: epde now far these @pptigatiogs odue Tadhe
I nventors mcﬁﬂnlogﬁtlldr?‘b? §Daf btohgs Sih{dh;@(? §6}tﬂhﬂ'tﬁl&ﬁ§2”@&5mﬂgsw¢% Wﬁ%ﬂﬁ] C K

preferably a purity regardl ng ogen contail g residues
O gener at i origingteakith titel presencchal hydrogeraimthesiane gas irtAluscpdasfa pi2carsor

cont ai ni ng_conpaungds u - 1t is,a primary object of this inventjion to
b ov de®  FETnEdS O H BT ieg: PloBARYEERALY FRciavi o Sopleth SpurBs i hé

t enper aturgnﬂfon%&%‘ogodmbqne\gmgh gongvents or limts the formati on of the
OH bond during the Si filmformation. According to the invention, there

I's provided a nethod of formng a silicon oxide containing film conprising

the Steps fho phledcB i dpg s Bhasrddled e rRRTH hATINGNARRIorslith an

i njecting int ecreact I on chanber at [east one silicofl contalnin
conpound siviceaased leakage loarmgnt ugnd dheriefareng refiucedh brealciownameliageawf tget he
forrrul,iao(Rl ﬁ% Bpx IS H4-x wherein Rl and R2 are independently H C -C

| i near, br%ﬁ%% 8 a(glsscg;& ic carbon chain and x is conprised between |and 4

The inventors believe 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, fim, probably also generates moisture (H.O) formation
15  which then reacts with Si to make SiOH.

The inventors also believe that the silicon containing compound shall have
preferably a high purity regarding hydrogen containing residues to limit H2O
generation, preferably it shall contain less than 100 ppm of H2 or H containing

20 compounds.

Summary:

It is a primary object of this invention to provide a method for forming silicon oxide

films on a substrate at a temperature of 400°C or below which prevents or limits
25 the formation of the OH bond during the SiO> film formation.

According to the invention, 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 least one silicon containing compound

selected from the group consisting of:



- al koxysi | anes or acetoxysilane having the fornula: Si (OR
D(OR2)(OR3)(OR4) , or (ORL)(OR2)(OR3)SIiSI(OR 4)(ORB)(ORG) , oOr

(OR1) ( ORAVOQmByisr33Si (OR 4) (OR5) (OR6) , or Si(0-C(=0)-R prriErtios0sosed
2)(0-C(=0)-R 3)(0-C(=0)-R 4) , preferably tetra(acetoxy)silane Si
(0-C(=0)-Me) 4 wherein R, Rl, R2 R3, R4 R, R6 are independently H O G-C
6 linear, branched or cyclic carbon chain. - silanes having the fornula
(SiHs)NnRwith n conprised between 1 and 4, R being selected fromthe group
consisting of H N &hinesRandsdi#vingthdormiid (RSIR? N?XEHHWMMN%@R?W“G
Si(NCO c) injecting into the reaction chanber at |east one oxyg

en
cont ai ni ng gas, pref@eabigpendandly dhdCoCedinegenbranghed ofwiyslicicarboRaehain . d)
reacting at a tenpergldy & %%Mghﬂqggﬁﬁe reaction chanber at | east

one of the silicon contalning conpounds and at | east one of the oxygen
cont ai ni ng gases in akobesilanesobt acatoxysdars haviog thedodmutaont ai ning film

deposited onto the ¥ 2 3 gating steps b) to d) until the desired
SiOfi Ii] t hi ckness f%@%t)gﬁsﬁe)é&kﬁ?@%efz%l y, the substrate is heated in the
reaction chanber af {@R")ORIHCRIYSISHORN)ORNEORF)2BEY up to the reaction
chanber tenperature, dl)%rél or to CBar'trlftyl'n Qut §te§§ b), c), d) and/or e).
According to a prefd &(mr}ﬁ SIEIRDHERIBA PN, at | east one step b)
and/or c) is carriedgiguEEN-RgEeM I -EHEBHO 034! e of the
conpounds and/ or ga;éelgjél(:f)?ﬁ ng)cngpleq)r%lﬁfbsggH%/D)@rbg@) a?’e&gﬁ?@gd out in

t he reacti on chanbertetfa(acetoxiy)silanaSe:€(F0iMe}4s on of at | east one conpound

oS aLgb east one CUNFRIRAER! &) ISTRLRERTR B RaBLEbAAY™ ) E18, es o
branched or cyclic carbon chain.
- silanes having the formula (SiHs3).R with n comprised between 1 and
4, R being selected from the group consisting of H, N, O, CH2, CoH4,
SiH,, SiH, Si.

15 Tetra(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 temperature below 500°C into the reaction chamber at least
one of the silicon containing compounds and at least one of the oxygen
20 containing gases in order to obtain the silicon oxide containing film
deposited onto the substrate.

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

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

According to a preferred embodiment of the invention, at least one step b) and/or
c) is carried out by discontinued injection of at least one of the compounds and/or
30 gases. For example, pulsed CVD or ALD are carried out in the reaction chamber.



alternate injection in the reaction chanber of at |east one conpound and at
| east one oxygen containing gas. According to another enbodi nent, at | east
one conpomocoewootsze at | east one oxygen containi ng gas ipeT@P20e@emsRs f ace of
the substrate prior to the injection of another conpound and/or at | east
one oxygen contai ning gas. Preferably, eagh 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 gaswHileesiuftafedis injedtiont sidatuahst oﬁ@%oﬁ%bhéfhrﬂ &t %a@ﬂﬂhé'd&'y?@nf ilm
t hi ckness is obtained. The pressure inside the reaction chanber shall be

or ef er abl yCORRBINAIGES My be Gastied prtindhe pactivalchambeTdt is. prﬂfeéne@rtamrgwd@ he H
content in ke @ ﬂlée%tISerﬁ gﬁé” %tl%bldﬂa'n?oéreo?sattlgﬁﬁ dhelorf c}ur?c} QH@ Ieft Feast

According ?o anot enbo he "0zone con ni ng ga a gas m xture
conpri si ngooe pyygeracahtaintngegad.t h a rati o O3/ 2 bel ow 30% voI , preferably
bet weery 5% and 20% vol . Preferably, the oxygen/ozone gas m xture is diluted
into an“inert gas, preferably nitrogen. The silicon containing conmpound

shal | conppatesrdins o ahathet inbédiimeht, Ht Riadt dhal éorhsomfoebertnblat leaseehed
fromthe group consisting of: (TSA) Trisilylamne (Si Hg)3N DSO Di sil oxane

(Si Hg) 20 B@W@"BP%‘FG'l"&Q’nQ?%I‘ﬁ ﬁB)tﬁﬁl%ﬁ@CSquIZbRI@(U@SEaBDRM to the injection of
S e 2 el Bampadif e RS dnel RS ™, ST
Tetra(i socyanat o) silane Si (NCO) ATEAS Tetr aki s(et hyl am no)silane Si (NHEt) 4
TEGS T‘F(S ra Ie%r Iy, Xéé)cﬁ'co%];?ou%'d &lg)r 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
SiO2 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%' atoms/cc.

According to another embodiment, the ozone containing gas is a gas mixture
comprising oxygen and ozone with a ratio O3/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 shall comprise less than 100 ppm of H, and shall
25 be preferably selected from the group consisting of:

(TSA) Trisilylamine (SiH3)sN
DSO Disiloxane (SiH3).0
BDEAS Bis(diethylamino)silane SiHx(NEt2)-
BDMAS Bis(dimethylamino)silane SiH2(NMez)2

30 TriDMAS Tris(diethylamino)silane SiH(NMey)s
Bis(trimethylsilylamino)silane SiHx(NHSiMe3),

TICS Tetra(isocyanato)silane Si(NCO)4



BTESE Bi s(triethoxysilyl)ethane (EtO 3Si-CH2-CH2-Si (OCEt)3 TAS
Tetra(acetoxy)silane Si(-OC(=0-M)4 This invention also provides a nethod
of form ngoWddwesesoxide filns that inhibits or prevent $cCHPbaad60829

i ntroduction during filmformation at | ow tenperatures not higher than
5000C, wherein the thickness of the silicgn 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. The net hod
of the inventi onTEAsq-dy,raqz}gl(étﬁ?|amr§5)g?arfé I'm BANHERY! arly when deposited
using the ALD process with rogen purge between each injection, has a
very high conf orﬁlaOStIet(aklséethpme)s&anq ity to 8dPEdlt uniformfilnms in the

top and the bott in ga _Ahphice or for
capacitors el ect%géf%?&@ﬁﬁ/l@swzéwh? FE@)?éI oufﬁéﬁ' % cavities
on a surface andlASdetragcetoxy)simnm Si 2 | ayeBi(-GyCG{FO)Ma)s enbodi nents: The
nmet hod according to the invention for formng silicon oxide filns is

described in details herein below It conprises: - the use of an oxygen
source andThR men'ti@wé@@prafdésh@ ngEtAGd @r fdrmm@bmcéﬁbﬁawmﬁs%txnhwwbe X is
conpri sed between 1 and 4, where Rl and are independently H or -C6
l'i near, br B‘iﬁ‘!ﬁ@@ QH kapg 'PQOW@BNL’(E'HSWW“ faWtI%d@WdQWPPSﬁWWﬁr’EE@MH n
the react Of Wfﬂe'ré(mq e mlEFr&s% thé’rsﬂFcSE%Qk ﬁl %Céé‘s‘.ﬂ H?éh 8Rq ALD
process. era yl'am nosilane is |et yl am SI ane

( BDEAS) , bthe( sillmrt bylharﬁlmd;wgrdnereﬁ&kﬂmmy exampie, seducing Ky éeﬁkagpstturm

(Tri ) . .. The al F%%g)m nOfi Ilante és Igdsorbed on the surface of the substrate
(at th in\”{‘FE{@F’E 2 8f eseg?é% ep? 9L§H{f§c? he possi bl e oxidation of the
underlying nmetal electrode during the introduction of the oxygen source).
After a pur e time to evacuate the am nosil ane fromthe reactor usi ngdan

inert gas, THe nestoed 95 e wentig algo REgvides i P2 Sim gpargigylgey WegRerpst
m xture (tyghgehé ALDYréE&Es with nitrogen purge between each injection, has a very high

conformality (i.e. the ability to deposit uniform films in the top and the bottom of a
15 trench) useful in gap-fill applications or for capacitors electrode for DRAM, i.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 films is described in
20 details herein below. It comprises:

- the use of an oxygen source and an aminosilane of the general formula
(R'R®N)SiH4, where x is comprised between 1 and 4, where R' and R? are
independently H or a C1-C¢ linear, branched or cyclic carbon chain, are

25 independently introduced in the reactor continuously or by pulses.
Preferably injected through an ALD process.
Preferably the alkylaminosilane is bis(diethylamino)silane (BDEAS),
bis(dimethylamino)silane (BDMAS) or tris(dimethylamino)silane (TriDMAS).
The alkylaminosilane is adsorbed on the surface of the substrate (at the
30 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 aminosilane from the reactor using an inert gas, an oxygen



vol . of ozone in oxygen), oxygen, noisture and/or hydrogen peroxide (H2Q2)
or a conbination thereof, is introduced by pul ses. A cycle then consists of
one pul sewofddme7asi nosi | ane, one pul se of purging gas, pomEPpalc®60sed t he
oxygen contai ni ng gas, one pul se of purging gas. The nunmber of cycles is
determ ned by the targeted thickness, takigng into account the deposition
rate per cycle obtained at given experinental conditions. The deposition
tenperature can be as low as roomtenperature and up to 5000C, with an

operating presssgificdfwlich oheist of 4R dx9gdrieetagas Minetbred@ditally: 5120% .
with very | ow carbon and hydrogen contents, are preferably deposited

bet ween 200 andv@lo®f @rongtin HXygery)s 0xygase MaigtHrepand/eohydiegeq peraxide §6k)) .

th i : ' ' ipg th
ormia o (on 151 EOTRAER SR A BIaH B ples TR PR B
or, (CR}) (OR2) (M})Bl_SESDf(m annosigrieORBle pulse dfifUbgiG-gYs; ) pWsE(ofdhe R

(0 O(=07 - W) 4 vipdioBN PRI des! oRe Pie B pOrRG, BBS; R bmiBRar Pvelesés o -c
6 |inear, branchsdrained¥ythé targefeenthicRaéss, t@tiﬁ%imegammhé Yepddifigtilged in
t he reactor continuously orw% pul ses. Preferably injected_through an ALD

process. Pref erR@l FYERe ORtaiRgd sal ghven experimyental- cppditieps. SiThesdePasitien ESE) .

The al koxysi | anl?ﬂip%rétﬁﬁéﬁgﬁ%eo& ‘Wﬁéqggﬁcﬁgﬂfeerélﬂ?e gy{?g{g @ 500°7, v&igﬁ'an .

initial stage, I's step prevents t 0SSl oxi d of the underlying
met al el ect r odeoprratimg) ptessurenof 0dutdQ darrdfl 3 tthnd 38Q0IJah Highquality filkhs ewitla

P e 0 L. SIS S, ST RL LB, B RS e R pdiseh 02
(typical ly: 5-2200 s6d 4001C azapeedsur@sg@aseh, 0. 00t (1T8iost380PaNd/ or
hydr ogen peroxi de (H2Q2) or a
- the use of an oxygen source and an alkoxysilane or acetoxysilane having
the formula Si(OR')(OR?)(OR®(OR?), or
15 (OR")(OR?)(OR®)SiSi(OR*)(OR%)(OR®), or,
(OR")(OR?)(OR®SIRSi(OR*)(OR®)(OR?®), or
Si(0-C(=0)-R")(0-C(=0)-R?)(0-C(=0)-R®)(0-C(=0)-R*), preferably
tetra(acetoxy)silane Si (0-C(=0)-Me) 4
wherein R, R', R%2 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)sSi-CH2-CH»-Si(OEt)s (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 introduction 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 oxygen/ozone gas mixture (typically: 5-20% vol. of
ozone in oxygen), oxygen, moisture and/or hydrogen peroxide (H202) or a
combination thereof, is introduced by pulses. A cycle 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, taking into account the deposition rate



conbi nation thereof, is introduced by pulses. A cycle then consists of one
pul se of the al koxysilane, one pul se of purging gas, one pul se of the
oxygen companew/mgs2gas, one pul se of purging gas. The nuroemErPedocoymsbes is
determ ned by the targeted thickness, taking into account the deposition
rateper cycle obtained at given experinmental conditions. The deposition
tenperature can be as | ow as roomtenperature and up to 5000C, with an
operating pressure of 0.1-100 Torr (13 to 13300Pa). High quality fil s,

Wi th very | ow cCgebafcRNGbifedIgN st ealperinftingal PicBh&itieRs.y THeP @ebbsition
bet ween 200 and 400 OC at a pressure between 0.1-10 Torr ( 13 to 1330Pa). -

the use of an oeypsiatyrr cae benas faw asrredicicareraties PaA aIPhR/PORy G, ety @R nul a
Si(NCO , are i ' d ' Nt O b
oul ses, prof or s g Eiestrd B QACHOE olrtes 16 (3306P8). LIGR Wi B9 ik, B °Y

i socyanat osi | ameery dowd=nbdre dnd rhydnegesucdrdertspire peefenabiyt depasitedtbatiween
initial.stage, | S L revents th 0SSi i datd on he underlyin
ot al - ect r one2tfnd 300 R AFH Bresutd BefiRh Crd oty L R € flog A fer & "
purge tinme to evacuate the silane conpound fromthe reactor using an inert

gas, an oxygen source, which may consi st of an oxygen/ ozone gas m xture
(typical ly: 5- 2 uss of ¥t oxaaneSquice D4 delyalisogyarato)sifane haviegdhe fermula

hydr ogen per oxi (o] falyset gL b St d b | ses.
A cycle then coﬁ Pgﬁ%reolﬁgégﬁl seﬂ&?I h%rﬁguéésbg(r:@gilea{%%tﬁ’g%ée@%gglguﬁyrsgyof
purgi ng gas, onpulpes.sePreferably oinjapted cdimoaghi nan gasses@¥Dpuprosess. plihgi ng

gas. T, nunber. of cyecles is determned by the tacgeted thickness. .taking
Tt alfount ¢ nisoaunalosRan e SEROHEH G 4P shiffed REAT, SUat AR BERE: i, o
condi tions. Thestdgeoisé i st tpREwatatthe EpdEsiblé coxidatiobwofishd epdetigEiigematalr e

and up to 5000C, with an_o&&rati n&mg_ressure of 0.1-10Q Torr (13 to
13300Pa). Hi gh ¢/gslreds dyring.the igireductiopof the\oxygensteusshl- Altar 8 BEFIemeda s,

are preferably gepastd te MAEME CEbNBBLUNRN fofP $hd Feddtod URIrRS BH' ReReGAE SN

oxygen source, which may consist of an oxygen/ozone gas mixture
15 (typically: 5-20% vol. of ozone in oxygen), oxygen, moisture and/or
hydrogen peroxide (H20>) or a combination thereof, is introduced by pulses.
A cycle then consists of one pulse of the isocyanatosilane, 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, taking
20 into account the deposition rate per cycle obtained at given experimental
conditions. The deposition temperature can be as low as room temperature
and up to 500°C, with an operating pressure of 0.1-100 Torr (13 to
13300Pa). High quality films, with very low carbon and hydrogen contents,
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, trisilylamine)

of the general formula (SiH3)xR where may vary from 1 to 4 and wherein

R is selected from the comprising H, N, O, CH,, CH>-CH>, SiH», SiH, Si with

30 the possible use of a catalyst in ALD regime. Preferably the silane is a C-
free silane. Most preferably, the silane is trisilylamine. A very small amount

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



0.1-10 Torr (13 to 1330Pa). - the use of an oxygen source, silane (silane,
disilane, trisilane, trisilylam ne) of the general formula (SiHs)xR where
may vary woamelootses4 and wherein R is selected from thepcompeicsiongg2d, N, O
CH2, CH2-CH2, SiH2, SiH, Si with the possible use of a catalyst in ALD
reginme. Preferably the silane is a Ciree gilane. Mst preferably, the
silane is trisilylamne. A very small amount (< 1% of catal yst may

i ntroduced into the reactor. The silanes descri bedabove are difficult to

use in ALD condjbdvengre d@ifficult e lusa@ds AP t6NYifohs? a8ithéif @dsoftieh dnSa BRiton
favorabl e. The use of a catal yst _hel ps the adsorption of silane on the

substrate or thwafgidenpyfaygraligefhe pse &f aacqtalygkhelpe the @dserptionaffilgage t he
silane fromthe tQr ' | ag, o] I n
cone st of an o2 ans) Sibgtnd o hd Uiiderifg. 1298 PANEE', GRS Fovlt i 14T,
oxygen), oxygenevamiats theesitame/ foomHtie reactar psingendieeft @S2 anaoxyganysource,
conmbingtion thereof, is introduced b ulses. A cycle then c Lsts, of one
bulse @ the camBiRpcar ot at - SrvabnRieRs tasiniiie IR EDVo PR BLAE “one
pul se of purgi ngzdiesin exRIeRY Gygeh, Mifistary 8edob Byl RenOpstokiEle (HIO DaRE
time. Possibly, the introduction of the catalyst is done simultaneously
with the silaneanhep@binaigndhergof.He inliegiaedohy gulses. Aueciythemecenaists of and
then its durati T I 14S ' r | 5 LI i cul e,
preferably a nolec Pgﬁcﬁfﬁbgidﬁ?ﬂ\éﬁégﬁgﬂgfﬁ%ﬁgﬁﬁ%&@ﬁﬁ?l@%&i&%ﬂ%@e& ably
a haf ni um cont abmeé pylseof purgirg gasicinespuis# ONHeDFgersourcerenapyire pardiogs,

the c lyst shall bhe Gfree. .The use of halides.or nitrates is therefore
suggealEa "t or e, BRsdbly s iR Br v katRBH . pOh Bhifartsbubhwih
determ ned by t{me silanggiditetratoting site numbsengf stopo datedth cyichs; aterben its on

rate per cycle obtained at given experinmental conditjons. The deposition
tenperature candyatiar. |Thg Latalydmis edPef@NG Lrafd Mptat-contaming:, melacHlean

ggreggﬁli Ng pressyieterablyG rokie 86rtaintigiahn 8HA trhXsitibh FetaWiniddt BRS¥rdbRMa
hafnium-containing molecule, such as Hf(NEt;)s. For some applications, the

15 catalyst shall be C-free. The use of halides or nitrates is therefore
suggested, for instance HfCly or Hf(NOs)s. The number of cycles is

determined by the targeted thickness, taking into account the deposition rate

per cycle obtained at given experimental conditions. 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 contents, 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 into a reaction chamber, the gas within the
chamber is first purged by feeding an inert gas into the reaction chamber under
reduced pressure at a substrate temperature of 50 to 400°C. Then, while at the
same temperature and under reduced pressure, a pulse of a gaseous silicon
30 compound is delivered into 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 to purge



and hydrogen contents, are preferably deposited at tenperature between

200/ 500 0C, and at pressures between 0.1-10 Torr. Preferably, the nethod
accor di ngvoaoddne7i28vention is carried out as foll ows: AfCeEprasobsbs at e has
been introduced into a reaction chanber, the gas within the chanber is
first purged by feeding an inert gas intogthe reaction chanber under
reduced pressure at a substrate tenperature of 50 to 400 OC. Then, while at
the sane tenperature and under reduced pressure, a pulse of a gaseous

si i con cofepetshi nrekiatei(@sadgdrised)NSiliEGRCSrRBoUHER MaRSr WML o Piksd N
| ayer of this silicon conpound is fornmed on the treatnment substrate by
adsor pt i onOXygenscardainimgl @Red i ydeliverdn dntan theyefeactiory ¢hanabarheThe sezanen
chanmber in 1 efef v r : AR ound,
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chanber. Thabsicabeeherebyiformigg gawery thidilayss of siicor oyiderdnd inagt@asads$ igedted on
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unreact ed fRredGrbto hesdlbstrate aikthdaddsireithisknadsTey repedtingt ths Sateheator at

t he desired thickness, by repeating this sequence of inert gas purge,

gaseous si INeHogAT BH{ARERSEALS SiliCOA LOMRALNDLDYIgR, INgRIGF PYEIR: AMTaPRIARF- ni xed
gas pul se. strate shall be a silicon wafer (or SO ) used
for the rra(r:m tgﬁ]ﬁﬂ?@%? éséegfﬁlg%gr}duct or devices, or layers deposited thereon,
or a glass substrate used for the manufacture of liquid crystal display
devi ce o lavers . .deposi.ted thereon..A sem con or. suhsirate o lch a
gat e ol%ct PETEARAE HEBMBotin shaf b8 Hsiiédrt et G mODAsed Br it Bn @Rt Cher
the silicoef semidentiuttor devisesdorf layershdefositod Heerebn] 6ba WYasidsilibstratdiueed

br eakdown yol tagr% The reollcuced @{Iessure in the chanber 1s prefer

bl
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at | east 500C and at nost
substrate in particular when the silicon oxide film is used for the purpose of

15 improving the gate breakdown voltage.

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 kPa).

20 The substrate temperature shall be preferably 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 silicon compound can be exemplified by silicon hydrides such
as silane [SiHi], disilane [(SiH3)2], trisilane [(SiH3).SiH2], alkylsilane [(SiH3),R
where R represents Ci to Ce straight-chain, branched, or cyclic alkane],
30 trisilylamine [(SiH3)sN], and disiloxane [(SiH3)20]; silicon alkoxides such as TEOS
[Si(OC2Hs)s], TMOS [Si(OCHs)s], bistriethoxysilylethane, and trialkylsilylalkane



nore preferably conprised between 200 and 4000C, while 250 to 3500C is even
nore preferred. The inert gas used with the nmethod of the invention shall
be pref ermbl2goaniotszegen, argon and/ or helium The af or eneotrirpp@d/ osisk9 con
conmpound can be exenplified by silicon hydrides such as silane [SiH4] ,
disilane [(SiH3)2] , trisilane [(SIH3 SiHE , alkylsilane [(Si H3)nR where R
represents G to C straight-chain, branched, or cyclic al kane],
trisilylamne [(Si H3)3N, and disiloxane [(SiH3)2Q; silicon al koxi des such

as TECS [_S[(R A&Lsggﬁgpw{ée(mfl]to,cﬁblaﬁ@he tigeegemiatodighd BinCand
trial kyl silyl al kane[ (RO S|-A|k-S|(O?(£3\A,here IS to C6 al kane],

i socyanat oa¢gtaxysilgne C(3Q¢Cdle)saneBREAS (Silkde(NELD)- CH 3) 4 and BDEAS
(SIH2(NEt2 2) The silicon conmpound is preferably pulsed into the reaction
chanber from for exanple, a cylinder when it is gaseous at anbient

t enper at ur €he Wilimont bempolind i peeferabiy gpulsedaintd doé deacticnrbhambet énoper fr ur e,

as in the case of TE It can be pul sed,into the chanber I ng,_a bubbl er
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cont ai ner, coRBbERd &S aNREMPHt aRibidriteePeldludy) dshifirthe dse(dFOTE@RA M) be

nitrogen, argon, heliu by bubbling the inert gas therethroug@ u5|ng an
i nert gas Buisd &tottbﬁé’hﬁﬁ&%d{si’}ﬂ a fuibblentachique. spredifically, a saludien qf_ﬁ ® the
chamber . Asiﬁ@éﬂ)hmgbeﬁhﬁp@céd fih CofBhter! h@&eﬁ%ﬁﬁj&éde‘afe f?Qinéfﬂﬁ%ﬂrihéﬁr can
al so be used. The oxygen-containing m xed gas oxidizes the silicon conpound
and conver gas i(for iexampig, Iriitcagenyargien, hedium)hyxbubhjiag tberingré gagdheiettiroagh by a

m xed s of. 0zone and aox n .and m . xed s_of ozone .pl us ox pl us
o+ nef fengn el Yns R P pioct I dig bolfindh 2R 8 MueliRel P 3o bn
thi s m xedclg@abérs Aeenbinakiby df alliguid 2esVldw contreliee dCe vapoiizertdapnalbes s
than 0.1% vol. creates the likelihood of problens with effecting a thorough
oxi dati on Bf UBBE nonoatomic | ayer of the silicon conpound at |ow
tenperatures. An ozone concentration above 20% on the

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
nitrogen, argon, or helium. The ozone concentration in this mixed gas is preferably
0.1 to 20% vol. An ozone concentration less than 0.1% vol. creates the likelihood
of problems with effecting a thorough oxidation of the monoatomic layer of the
20 silicon compound at low temperatures. 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 ozone.

A pulse of gaseous silicon compound can be delivered into the reaction chamber,
25 for example, for 0.1 to 10 seconds at a flow rate of 1.0 to 100 sccm. The pulse of
oxygen-containing gas can be delivered into the reaction chamber, for example, for

0.1 to 10 seconds at a flow rate of 10 to 1000 sccm.

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

drawings.



ot her hand, creates the likelihood of problenms with handling due to the
associated toxicity, instability and hazardousness of ozone. A pul se of
gaseous swbize@mocespound can be delivered into the reactrcoEpredanbmey for
exanple, for 0.1 to 10 seconds at a flowrate of 1.0 to 100 seem The pul se
of oxygen-contai ning gas can be deliveredqinto the reaction chanber, for
exanple, for 0.1 to 10 seconds at a flowrate of 10 to 1000 seem Brief
description of the drawi ngs: The invention will now be described in details
wi th referppgfe iqs Bhecheidtieidgrafi évh RES-fornang appatatusiusSsd A Fiins-féhnaigg am of
afilmformng apparatus used 1n a filmformng nmethod according to an
enbodi ment mgthachaceardieg: tooan emhadigeahof e invgatiop (dying an deert @85 . PULQure 2
is a SChe”ﬁﬁéc‘fioﬂ} agram of the filmform ng apparatus of Figure 1, during an
Si conmpound®gas i'njection. Figure 3 is a schematic diagram of the
filmformng apparatus of Figure 1 during the injection of an ozone/ oxygen
gas pulse. _Figure 4 is a view a netal e.of .a MXS transistor wth.Si Q2

P e depobiouER 2ds o pehatePtc deR b v Tl v PRt of Fighe Mnolupi ng
appar at us hf SPeeipeand gkt hjéctioract i on chanber 11; a nitrogen gas cylinder
12, which is a source of an inert gas feed (for exanple, nitrogen gas); an
Si conmpound gas cylinder 13, which is a source of a feed of gaseous Si
conpound; . i [Pl a TR f ¢ ah Y gas
Food. I « REULE3S it BEgter bf (HE T, bimiAg iefaug of Fa e ORIuAgS; ¢
di sposed wthehinjectior of amozoneioxygarogas gulseand one seni conduct or substrate
(not shown), for exanple, a silicon substrate, is nounted thereon. A heater
is provided within the susceptor in order to heat the sem conductor
substrate Figurdiet mpgoliéwes metar yatenof anMOSitrangistdrnwitheSioastmef deéposited

bat ch-type apparatus, from5 to 200
yP accpoeding to the invention.

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,
nitrogen gas); an Si compound gas cylinder 13, which is a source of a feed of
gaseous Si compound; and an oxygen cylinder 14, which is a source of an oxygen
gas feed. In the case of a single-wafer apparatus, a susceptor (not shown) is
disposed within the reaction chamber 11 and one semiconductor substrate (not
20 shown), for example, a silicon substrate, is mounted thereon. A heater is provided
within the susceptor 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 substrates are held within the reaction chamber 11. The heater in a
batch-type apparatus 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 to the reaction
chamber 11. A shutoff valve V1 and a flow rate controller, for example, a mass flow
controller MFC1, are provided in the line L1 in the order given considered from the
30 upstream side. A shutoff valve V2 is also provided in the line L1 in the vicinity of

the reaction chamber 11.



sem conductor substrates are held within the reaction chanber 11. The
heater in a batch-type apparatus nay have a different structure fromthe
heat er i rwe 280am@t®@paf er apparatus. The nitrogen gas cyl ipodap2&d/sm29
connected through a line L 1 to the reaction chanber 11. A shutoff valve V1
and a flowrate controller, for exanple, @ mass flow controller MCLl, are
provided in the line L1 in the order given considered fromthe upstream
side. A shutoff valve V2 is also provided inthe line L 1 in the vicinity

of the reaphickhagStameaL2 tHat cAterRsita Ebaduunre plmpt PRIP i§X0réVdled BOthe bEtom M
punp PMP is provided at the bottom of the reaction chanber 11 . Qﬁﬁressure

gauge PGL, ok thaireastionychamber AY. o Pressare raaiiger RGlora yterflynualye sSBMt for f
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det oxi fi cabiden gipparansideteéd fidm stheeupsiréaroasiden Taepaaatus pdmpaRMR isf or

exanpl a_conbusti.on-tyvpe.detgxi ficatio arat us, or rLy-{ .

ot oxi 13 capP T a, trare B 1 oot dhtorteBBR Aty 8 o Y cotfieatione <
t her eof . THpparatusCT® B4 Be ORP efmpl & coiﬁbthétioﬁit/g@@@bﬁiiifhbﬁ@mﬁbpé‘rahis?@r 44 to
the line L 1 upstreamfromthe shutoff valve (between t he shutoff valve

V2 and t hedfyatyBe detRyificalion @pparatysdn cormrgspondeasice tg dhe gag.spegienand leyelsy
control l eryMr&s a pressure gauge P&, and a shutoff valve V5 are disposed
inthe line L4 in the order given considered fromthe upstream side. The
line L4 branches upstream fromthe pressure gauge P& and the resulting

branch,linge, L4.. is connected to,t exhaust,.lipe L2 upstr fromt
ravamSunEngs donfdberSas Byiitel, 13 Fiaiteisd ftiovsh, 4o EATb R TEelE) A
shut of f valipstredm fion pi@ghdioff vaivé M2 (betwsdn theehlitdff. vaNeeVataidetheoake

shutof f valves V5 and Vé' are sypnchroni zed in Z'UCh a manner that when one
i s open t hBowcaetolier MFG1): A shytaff yzlvgNt. @ mass dpwcentreller MECded RRESH™® | i ne

L5 that expgigls PG2, 3hd%f SRGtoff valve V5 are disposed in the line L4 in the order given
considered from the upstream side. The line L4 branches upstream from the
16 pressure gauge PG2 and the resulting branch line L4" is connected to the exhaust
line L2 upstream from the vacuum pump PMP (between the vacuum pump PMP
and the shutoff valve V3). A shutoff valve V5’ is provided in the branch line L4".
The states of the shutoff valves V5 and V5 are synchronized in such a manner
that when one is open the other is closed.
20
The oxygen cylinder 14 is provided with a line L5 that extends to an ozone
generator 16; this line L5 is provided with a shutoff valve V6 and a mass flow
controller MFC3 in the order given considered from the upstream side. The ozone
generator 16 is connected through a line L6 with the line L1 upstream from the
25 shutoff valve V2 (between the shutoff valve 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 L6 is connected 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 L6’. The states



generator 16; this line L5 is provided with a shutoff valve V6 and a nmass
flow controller MFC3 in the order given considered fromthe upstream side.
The ozonewgenew®@vs2s 16 is connected through a |ine L6 wpCh/EPb@slosose9 L1
upstream fromthe shutoff valve V2 (between the shutoff valve V2 and the
mass flow controller MFCl). An ozone concgptration sensor OCS, a pressure
gauge PG3, and a shutoff valve V7 are provided in the line L6 in the order
gi ven considered fromthe upstreamside. The |line L6 is also branched
upstream f poiRet MBIt PRATES T7LHAONET REr8 syABStohPBd I SULR hHHamicIR&t WhélEohé' 1S
connected to the exhaust |ine L2 upstieam fromthe vacuum punp PMP (between
t he vacuunismpen theetkards clesedhut of f val ve V3). A shutoff valve V7' is
provided in the branch line L6'. The statesof the shutoff valves V7 and V7
are synchroni zed in such a manner that when one is open the other is
closed. A Aimedars off oxyypaemdaoxbnezsrodudsd by sl okond Heneratoret 6ofoves hitor 16

flows into the lin . At a constant oxygen s feed flow rate, control of
t he oz#e E@nﬁ@ﬁt#&k&?i%“ﬁﬁé‘?nﬁ”%&"g% %@%‘é%@%”rfﬁ%l?o’ﬁwp?e 008G d t he
pover appl p&kkbenralifn i #HRRixea N sAd<Pend8 mANlydrEsies8Gree i thel fvér dpplied

concentration is controlled by neasuring thé ozone Ievel with an ozone
concent r at foothe corane OesetditapddedAs ra t¢ansefuences thed ozang eearicegtratien dgpl i ed
power and | : h J t I
Pased on t Fonled B RRAG R e G DR RL AT Bfidong bol Bon AR RSE BICS
silicon oxddpo$ed irsthHeslinke &6rara:sulijectinghthel appliesi povérand vessdl pressuye of
appar at us described on Figures 1 to 3. 1) N trogep gas purge treat nent
atbet s, teezanganneieton T8 ke Feenal fantdarsnt BRI Fidadifed Vallapunt ed- on

t he susceptor within the reaction chanber 11 and the wafer is heated to 50

to 4000C bi a tenperature regulator incorporated in the susceptor. As shown
in Figure An embodinents pf \theveethed fae formiage stlicer eexide dfiimse it drscribedt of f

val ves V1 P(?rlel}ﬁ‘e’bgléé@ usig the AMLFOffinG abp A atuLB&dtribdd DnFigaed M rol val ves

are shown

15 1) Nitrogen gas purge
A treatment substrate, for example, 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 temperature regulator incorporated in the susceptor. As shown
in Figure 1, the shutoff valves V5 and V7 are closed and the other shutoff valves
20 V1toV4,V6, V5, and V7’ are all open. The closed control valves are shown filled
in black in Figure 1, while the open control valves are shown in white. The status of

the shutoff valves in the following description 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 nitrogen gas cylinder 12 through the line L1 and into the reaction chamber 11
under feed flow rate control by the mass flow controller MFC1. A nitrogen gas
purge is thereby carried out at a desired vacuum (for example, 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.



in black in Figure 1, while the open control valves are shown in white. The
status of the shutoff valves in the follow ng description is shown in the
same nmanngo.200em2swhi | e exhausting the gas within the reaare@s/ocisanber 11
t hrough the exhaust line L2 by the operation of the vacuum punp PMP,
nitrogen gas is introduced fromthe nitrogen gas cylinder 12 through the
line L1 and into the reaction chanber 11 under feed flow rate control by
the mass flow controller MFCL. A nitrogen gas purge is thereby carried out

at a desi r pdgmAmgUML BAE RBADING frdtn thé AbdASAesEHbe MitoSaMaustjurge ki, gas

within the reaction chanber 11 and feedi ngtmem_trogen gas into the reaction
chanber 11ShReMpPRENd gasris sonbRueusly fachinte dhe HRekdefromithesSiseerapound eas by

ni trogen ge@inﬁgpimil{ﬁge}’“fé@d sy GAR 18P by §HE %@ssa*ﬁﬁ%e]‘pgﬁé&férb c2. .
nitrogen gas purge step, SI compound gas Is continuously fed into the'line
L4 from t hHo®ievenmuingadthgastrogén gderput@e shefe deseaibdf dloove, dbe sbotoffr walvéy t he

mass fl,ow ntroller. VEC2. wever ,., durin h itro a ur ge ,st
doscr tod TBovien fsidie p e 0% 4 toat Sopiibely ol b B HRE <RER8S 8 FR..
connect s t gadchen!dnamdet 11ak c%éé?ﬁﬂﬁdttﬁeté?ﬁxtdfﬁ%tvbo‘lsf}Wﬂﬁl@r?rreéiées ii§ thé osed
and the shutoff valve V5, which resides in the branch line L4" that

connect s t branieh liogHallthaticonaedis to the exmust limelL2sis:opess and astd resglt thisiGiound
gas is not fed into the r ti.0 hanber. 11 . durin e .nitrogen gas purge
drep, “but PR Se )Rl B MRl IR 1| AluRe ISR o %% e
exhaust |i pgrge step, Butothdriie exhBested Byeedi thfbughcthe dites W BEd fL40Mtb Re
above-descri bed nitrogen gas purge step, oxygen gas is continuously fed

t hr ough t hexhaustling L2y om t he oxygen gas cylinder 14 to the ozone generator
16 under feed flowrate control by the mass flow controller MFC3. A desired
power level is applied to the ozone generator 16, and oxygen cont ai ni ng
ozone at alrdadditien wegiomng veth amd Cohénuing éebny thes abevd-delsdried ritnegén gas L6
fromthe ozone generator 16 while. maasbj{r]j ngt he ozone | ﬁefj Wi hh t he ozone
concent r at PERSSREPRYSEE BFo i aaatinigusiycledithiotas g, b Trgrm dhe GRSR ed
gas cylinder 14 to the ozone generator 16 under feed flow rate control by the mass
15 flow controller MFC3. A desired power level is applied to the ozone generator 16,
and oxygen containing ozone at a desired concentration (the mixed gas) is fed into
the line L6 from the ozone generator 16 while measuring the ozone level with the
ozone concentration sensor OCS provided in the line L6, through which the mixed
gas of ozone and oxygen flows, and exercising feedback control of the applied
20 power and the vessel pressure of the ozone generator 16 based on the resulting
measured value. However, during the nitrogen gas purge step described above,
the shutoff valve V7, which resides in the line L6 that connects to 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 + oxygen mixed gas is not fed into the reaction chamber 11
during the nitrogen gas purge step, but rather is exhausted by feed through the

lines L6 and L6’ into the exhaust line L2.

2) Si compound gas pulse

30 Proceeding from the state shown in Figure 1, the shutoff valve V5" in the branch

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



gas of ozone and oxygen flows, and exercising feedback control of the
appl i ed power and the vessel pressure of the ozone generator 16 based on

t he resulwongoem@asar ed val ue. However, during the nitrogemEpasopsosge Step
descri bed above, the shutoff valve V7, which resides in the |ine L6 that
connects to the line L1 that extends to t{ge reaction chanber 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 a result this ozone +

oxygen m Xpsk DA% bpertd, akSHonliA Fidife 26 After AicsheédBefiod bf el the Sthes of
nitrogen gas purge step, but rather is exhausted by feed through the |lines
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control fromthe line L4 into the |ine and is pulsed into the reaction

chanber 11thg beatediaurfagetafdhe rseqrieonduster wafes enounied on the susseptesdndbe on of

an appr oxi F%%P{CHQ&%QPH‘?CU' ar |ayer of the Si conpound on the heated
surface of e sem conduct or wafer nmounted on the susceptor in the reaction

chanber 11. 3) Nitrogen gas purge After the Si conpound gas pul se has been
delive d,3 nitrogen gas purge is carried out as in Figure 1 by reversing
the st us—g#—t—&,mgﬁﬂ-téﬁfﬁﬁ%ir W3¢ ves V5 and V5' in the line L4 and the branch
line L4" fpaer the SitcmfSound §a8putse? hadVirient Bélfversd, 9 Mitroddie g8 Rirge a8l Si
conpound renmaining in the reaction chanber 11 is exhausted by neans of the
ni trogen gearieddutias intiguriect byfrevareingdhe status of thevshuteff vialyesdéd and VS’
substi tut el% % IrlHet L2954 ®E branch line L4’ from the status in Figure 2. When this is

done, the unreacted Si compound remaining in the reaction chamber 11 is

15 exhausted by means of the nitrogen gas and the interior of the reaction chamber
11 is again substituted by nitrogen gas.

4) Ozone + oxygen mixed gas pulse

Proceeding from the state shown in Figure 1, the shutoff valve V7’ in the branch
20 line L6 is closed and, in synchrony with this operation, the shutoff valve V7 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 V7 and V7’ is then reversed. During the interval in
which the shutoff valve V7 is open, the mixed gas of ozone and oxygen, supra, is
fed from the line L6 into 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 susceptor in the
reaction chamber 11 is oxidized by the ozone + oxygen mixed gas, resulting 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



4) Ozone + oxygen m xed gas pul se Proceeding fromthe state shown in Figure
1, the shutoff valve V7' in the branch line | _6" is closed and, in

synchr onyweoi2ods/tohi2s operation, the shutoff valve V7 in the/EpP2eve/0ti329 s
opened, as shown in Figure 3. After a desired period of tine, the status of
each of these shutoff valves V7 and V7' ig 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 line L6 into the line L 1 and is pulsed into

the reacti gompoand ghs Jpulsd, ca)gnm% Yk rRO68, 886 42'%ioﬁer-le§5d/§erpfmiéh gapul se,

the Si conpound adsorbed on the heated surface of the sem conductor wafer
nount ed onPuIge- Aflsedpstivery afriberezane brPxypantBixed YasspWse.da Auigogsn gae

ozone + O pdrigé IS faéf#eggaévag ﬁf#‘igh}é‘gﬂage?&% g?(h@"“‘%%ét‘&godr?rihé 1E‘>ﬁut%'i’fr\féi’\?é’s vi_the

sem conduc a silicon oxi I'm an approximately
nononol ecuéad V7ainethe lide 416 arcbthecbradeh fing h6offorddlse smibs ini Eigoes3 Wheh thised on

the surface of the sem conductor wafer by re t hese steps, of 1)
nitrog% giSs IplEgEea P”sP%BFﬂS’fSGF?d a&Qs{hﬁuﬁE@J)C%dt ZPPS gk PY9EN pTPGS, Qaﬁd 4)
ozone + OXyGR&AnIMgNR IS ASadtish<hanteran 4t éiﬁbbé’t@&%theéﬁ@opﬁfé'ﬁtrég&%(&%”

m xed gas pul se, "a nitrogen gas purge is carried 6ut as in Figure 1 by

reversing ane tha iaterior of theneastion ehamber Vbis agaimadbsituted bytricogemeas.6 and
the branch line | _6' fromthe status in Figure 3. Wen this is done,

reacti on by-products and the unreacted ozone + oxygen m xed gas renaining
in the reaAhiSimou’r;mmhdﬁhéﬁszgaseeuﬁaﬂammmmmpenaamﬁs ubed a’stam@eam;gesafand

the i f th ti hanmh 11 bsti t ut t
gac. A0 s eofiperaiis Bh2BmpoUpddRcuiion oxpe: B tofmale? i Fre Minderraedcy

exanpl e of ghharafidsSen h FIGUBSUNED BNarkd Hb§éﬁbé@i><a96\/é | v RSrMatheAna! §i Ng
the filmformng apparatus shown in Figures 1 to 3 and descri bed above.

However, wRempaundsis ussedbahig Ilnyld@jannblﬁaittemeratqm gugh agH QP gaseppeSit ur e,
such as TEE&nPQE‘ﬁ&%g %1" 50 TR G ARtoS e lea*&ﬁ ?H{Hé?eﬂ hghg %*B%bb%?“ hon
ng a bubbl er bler s

chanmber 11 us procedure. 1n sp eC| erns
provi ded i proqoedurs. dri spéréficﬂermsnpchubdlegmsprowded |n 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-carrying line L1,
making it possible 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 introduced by

pulses (pulsed-CVD regime).

In accordance with the preceding embodiment, 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
relatively 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 example, an ozone + oxygen mixed gas), the thorough oxidation of the Si
compound adsorbed on the surface of the treatment substrate by the strong
30 oxidizing action of the ozone in the mixed gas enables 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



cylinder 13 shown in Figures 1 to 3 and this bubbler is connected to a
branch |ine branched off upstreamfromthe valve V1 in the nitrogen

gas- car r Wwogode/mes2s1l, making it possible to repeat the stepeab/o0d)s2aitrogen
gas purge, 2) Si conpound gas pulse, 3) nitrogen gas purge, and 4) ozone +
oxygen m xed gas pul se. One reactant can Ppe introduced continuously while
the other can be introduced by pul ses (pul sed-CVD regi ne). In accordance
with the precedi ng enbodi nent, by inducing the adsorption, through the

del i very oOfezrtio Infekeafit SosSHAERO prsletibthe AdsctPticHoBf Msistirealivhie radcasn | ar
| ayer of Si conpound on the surface of the treatnment substrate heated to a

rel ati vel ychamberehy theatilian edefileathat her deendomtedinhis Reables theiormationer t
gas (Tor expuplbeceldnt émggﬁs‘o%?é)mrﬂ%lgﬁpiecﬂ%ﬂ‘b%rnhW&r@dlﬂfﬁbﬁ%a%fbeen Jnhibited

ozone-cont al ni Nng m xe or exanp an ozone + oxygen m xe
t hor ough ogf peveotedoSutha silicarooxide fibtn hds oiob edample, lan exweflentepeasformaace

treat t sybstrat he stron xi di zing action of the ozone in the
m xed S E’ﬂﬁﬁ?@dﬁﬂ@"{’iﬁﬁ?f&%&w%f‘ga silicon oxide filmin the formof an
approxi mat el y nononol ecul ar layer. In addition, the inplenmentation of an

Inert gas (for exanple, nitrogen gasg purg); after the oxidationreaction
makes it pUIERRNEE SHICEr e ¢amRP agePdRdoPN nhEs surfacenof tha freatmesict i on

chanber b b |id Wova fil rr{‘)?eﬁ d ) ' he
formati ony(s)é&grnaiée;écgﬁple%;a %?Iai %Lgﬁéyiia%el | ﬁ?%%?r]%ﬁﬂ aﬁ‘%%ﬁ%%ﬁﬁ uction
has been i andrg (fed examples aecnraeéntratiom of Sstiol 20%) axidatient tol the sasface @f the
exanpl ap_excel | ent rfaor.mance with regard to Jow | eakage current..

vor eoviy, “pREtETt B, vER RS i e BN, oy e B g o Eling .
substrate hfixeaXigdsziey GYDameticis, Adana bei preUeos. CTHurai isi litfe ceffact tarbltre

amount of ozone (for exagl e, a concentration of 5 to 20%, .oxidation to
t he surfackedimamsupplEatesinge thepeauied amgund of this ogerercepiningBYxedgas he

use of OZol%ernFre&t:@é'd"'hﬁ% Fﬂ:%é(iatg@sﬁ tébf\g@@ul%t. HARSmak itbﬁoééﬁtﬂégafs%ﬁmitwere
is little effect on the treatnent substrate since the required anount of
t hi s ozonetreatment rsubgtratex beagag a film intolerant to high temperatures or an easily

15 oxidizable metal film or metal silicide film to formation of a silicon oxide film

according to the embodiment.

On fig. 4 is illustrated a side view of a MOS transistor comprising a SiO2 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. Protective silicon oxide films 103 are laterally

placed on the lateral ends of the gate 101 and metal gate electrode 102.

SiO-, films 103 are also deposited on the top of the source 106 and the drain 105.
25

Examples of the invention are described below with reference to the figures 1 to 4:

Example 1

The film-forming apparatus shown in the hereinabove-described Figures 1 to 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) nitrogen gas purge, 2) Si compound gas pulse, 3) nitrogen gas



is introduced as a pulse at |ow tenperatures. This nakes it possible to
submt a treatnent substrate bearing a filmintolerant to high tenperatures
or an easwbyoexiodi2zabl e netal filmor netal suicide fil rcr@®rb@smeiscon of a
silicon oxide filmaccording to the enbodinment. On fig. 4 is illustrated a
side view of a MOS transistor conprising g SiO2 |ayer according to the

i nvention.On the wafer 100, above the respective drain 105 and source 106
is located the gate 101 in the gate dielectric material with the netal

el ectrode pQrgedep@si) @Qor@é)g-véx*&h mik¥dPgastpuise actordiiy X itkte herdindbove3 are
| ateral |y placed on the lateral ends of the gate 101 and netal gate

el ect rode describgd@mbqdiment gsing the egndifionsdescribed Balovhe t op of the source
106 and the drain 105. Exanples of the invention are described below with
reference to the figures 1 to 4: Exanple 1 The filmform ng apparatus shown
in the her &) nabNitmgeegasipuege Fi gures 1 to 3 was used. A silicon wafer was
positiagned on the suscegtor 1.0 the rgficti er 11 and the wafer was

] n_gha
heated Yo 1000C A SREPRYR X"y ES g I%gﬁqrgﬁﬁre BV repeating the steps of
1) nitrogen gas. pur geitrogan §hs UMW ERtEAF3PEEcHE, 3) nitrogen gaspurge, and
4) ozone + oxygen m xed gas pul se according to the herei nabovedescri bed
enbodi ment usi ny t heiFBgRN 8ASRYraelipe; aecdeisow. 1) Nitrogen gas purge
pressure within the reaction chanber: 3 torr nitrogen gas feed flow rate:
130 seem nitrogen gas purge time: 6 seconds 2) Si conmpound gas pul se
pressure W2} hi nSt¢ampeurst gaspulbanber: 3 torr Si conpound gas: trisilylam ne
(TSA) £ TSA gas feed flow {h'cllt fie 2 Sgem r‘{asn%bgrglssce time: 1 second

pressure within reaction c orr
. Si compound gas: trisilylamine (TSA) gas
. TSA gas feed flow rate: 2 sccm
. TSA pulse time: 1 second

15 3) Nitrogen gas purge

. pressure within the reaction chamber: 3 torr
. nitrogen gas feed flow rate: 130 sccm
. nitrogen gas purge time: 6 seconds

20 4) Ozone + oxygen mixed gas pulse

. pressure within the reaction chamber: 3 torr
. feed flow rate of the ozone + oxygen mixed gas (5% ozone conc.):
20 scem
. mixed gas pulse time: 2 seconds
25
Example 2

A silicon oxide film was formed by the same method as in Example 1, but in this
case heating the silicon wafer placed on the susceptor within the reaction chamber
11 to 200°C.

30

Example 3



3) Nitrogen gas purge pressure within the reaction chanber: 3 torr nitrogen
gas feed flowrate: 130 seemnitrogen gas purge tine: 6 seconds 4) Qzone +
oxygen mwedogan7sl se pressure within the reacti on chawroeEr2@oetoeoses f eed
flowrate of the ozone + oxygen m xed gas (5% ozone cone): 20 seem m xed
gas pulse tine: 2 seconds Exanple 2 A siljgon oxide filmwas fornmed by the
sane nethod as in Exanple 1, but in this case heating the silicon wafer

pl aced on the susceptor within the reaction chanber 11 to 2000C. Exanpl e 3A

silicon oxpdglidon oxid& Filrh WaEEfbrinkdtdiethecsamawhdtRgd a8 ihMExanpie! £ bt iPtisi n
this case heating the silicon wafer placed on the susceptor within the
reacti on chasfbeating the sivopwafgnplaced ortbe sussepterewithinitee reastiva £hamber was
nmeasured af ‘P@?Bofdd e of the instant filmform ng procedure in Exanples 1
to 3 (Exarrp?e was carried through 50 cycles). A silicon oxide filmcould
be formed in Exanples 1 to 3 with good thickness control w thout an

I ncubatl on_perj.od at ate.of about. 1.2-1 .7 Alcycle. . In addition, FI-IR
anal yois wiBS diknds &8 i SXfH s s mads rePi At e Ok Ph e st 5
after 200 gpefrming\@rétediraPiar Exdmples3q0@5)3 (Ehamrgmsul iwasAicArriedP #irbagh i n
Fi gure 5. Is clear fromthe results in Figure 5, eak is seen for the

5 70 51~ boRRLCYRRL HA (<GRD P U SR o [arEiot FEaRBIRBeAD; 3 Yo OPbr
i1 m pr odurltoads poffaWitlof o nalbefoR REfbd 58 ot ofidpolE L AT AL el T ent
silicon oxide filmin which CH
10 In addition, FT-IR analysis was carried out on the silicon oxide film produced in
Example 3 after 200 cycles (wafer temperature: 300°C). The results are reported in
Figure 5. As is clear from the results in Figure 5, a peak is seen for the Si-O-Si
bond, which identifies silicon oxide, while no peak is seen for Si-H originating from
H-SiO;. More specifically, it was confirmed that film production at the low
15 temperature of 300°C could provide an excellent silicon oxide film in which OH

bond introduction is prevented.

Using a silicon wafer bearing a molybdenum thin film on its surface as the sample,
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 underlayer
for the silicon oxide film. Oxidation of the molybdenum thin film was not observed,
even though an ozone + oxygen mixed gas (ozone concentration = 5%) was used
as the oxidizing gas.

25
Example 4
ALD 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 its concentration was approximately 150 g/m3 at -0.01



bond introduction is prevented. Using a silicon wafer bearing a nol ybdenum
thin filmon its surface as the sanple, a silicon oxide filmwas forned on
t he surf awe 20d6¢/0h@snol ybdenum thin fil musing the sane wretrErdooas®ecosn9
Exanples 1 to 3 (100 cycles). This was foll owed by an exam nation of the
status of the nolybdenumthin film whichyfornmed the underlayer for the
silicon oxide film Oxidation of the nolybdenumthin filmwas not observed,
even though an ozone + oxygen m xed gas (ozone concentration = 5% was used

as the oxi MPHGI BBEAS Ei@ispiicthflami nglswf}(NEfz)z wagf |r+trlasauu§dnm> BREAS
and ozone: Filns were successfully deposited on silicon and iridiumby ALD

usi ng BDEARSaghan LLhamaeair t1 dy tmohébblmg@ﬁ anyierlg gas dnwgen) g ilhieglﬂlé@ 1to
3. The chagh&i, \ﬂ%ﬁ? )Ib%?ln'Y@'nltél c@ﬁaﬁlbﬂév@?@'t ed by conventional heater. The
h

ozoni zer produce € 0ozone an S concentration was approxi mately 150
g/ nB at -0- 01MPAG.scBDEBS (Bi s(di et hyl am no)silane, SiH2(NEt2 2) was

i ntroduced to t rea tion chanber 11 by the bubbling of an inert gas
(nit roggn)'i nto aw d ami nosil ane. Experinental conditions were: 7.0

seem B - QBSCCBDQASBD%Sm[J,nﬁ@eﬁh bloftihe 77soeeg of 1 to 7 seeni N2: dGsccm
Tenperature ran in bet ween 200 and 400 C Qperating pressure: 1 Torr [in

t he range of 0.M2t s5‘3"I"orr] - Purge and pulse tinmes were typically set at 5

seconds each. Tﬁa@mg rgf] ﬁ:%cd cdR506 YR YRy set to 600 cycles.
Experinments were perfor 9n order to determne filns characteristics such
as deposition r@peratidgpoessurent Terrjiorthe varge 6 0.mtgdalartdy and film

corrposks 'on. Purge and pulse times were typically set at 5 seconds each.

- The number of cycles was typically set to 600 cycles.

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

15
SiO; films were obtained on Si wafer. Depositions at 200, 250, 300, 350 and 400°C
were carried out. The deposited films did include neither nitrogen nor carbon

according to in-depth analysis by Auger.

20 SiO films deposited Number of cycles were varied (350, 600 and 900 cycles
deposition tests) and SiO: films deposited to check that there was no or negligible

incubation time, as shown figure 6.

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 observed.

Example 5
ALD deposition of SiO2 films using BDMAS and ozone:

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



SS2 films were obtained on Si wafer. Depositions at 200, 250, 300, 350 and
400C were carried out. The deposited filns did include neither nitrogen nor
carbon acwordieng742e i n-depth anal ysis by Auger. Si Q2 fi lpos/Ebe@essisesl Nurmber
of cycles were varied (350, 600 and 900 cycl es deposition tests) and Si Q2
filnms deposited to check that there was ng or negligible incubation tine,
as shown figure 6. Depositions on iridiumwere perforned in order to
observe the possible oxidation of the netal el ectrode. The Auger profile
shows a sharp interface between ALD SiOQ2 and iridium substrate, and
therefore no netal oxidation was observed. Exanple 5 ALD deposition of Si Q2
films usi nEX®DRIEP and ozone: Simlar experinents were carried out in the

same condi {| e 4 Hi w@%' i were obtained at a
deposi ti onklr'g{%pg)?'tlbﬁf?ﬁ cgyf:"ﬁ]es %ﬁ'h&‘gﬁgrr gbé\,‘\gghhggo and 300 C. Exanple 6
ALD deposi Simifaraixp&rinpedfs Weme cesriad olt indiMeSSanmnel conditiens & in examplepeHigent s
were catried out. in the ne _condi tions,.as i.n e 4. Hig ality filns
wer e oot ai RIS WelE QHiERd 4, eptcs® e R 2 Bucle P Bl tkdao and
300 C. Exapph and 36pblx deposition of Siq 2filns using TSA, ozone and a
catalyst [HF (NEt2)4]: Filns were successfully deposited on silicon by ALD
by alternatively introducing Hf (NEt2)4 diluted in nitrogen, N2, TSA N2,
and an ozog%ﬂgbégﬁn 0 3/2 mxture (nitrogen bubbling through a mass fl ow
nto Hf

controller i (NEt 2 provides a mixture of this catalyst and N2 which is
al t er nat i vALD deposition of $iOnfilmssusing ASAvagone and alvatalgstdHANEL))]: The chanber

Is a h‘P(S i m@il%st#grlél Slccess uﬁy(/) rderﬁggﬁe%dorq ysil%oﬁotgv WI]_H 8{/‘ E%1'Itepnea%/glli/' inﬁgg@csmg
Hf(NEty)s diluted in nitrogen, Ny, TSA, N2, and an ozone/oxygen Os/O, mixture
(nitrogen bubbling through a mass flow controller into Hf(NEt2)4 provides a mixture
of this catalyst and N2 which is alternatively introduced in a similar way into the
reactor 11).

15

The chamber is a hot-wall tubular reactor heated by a conventional heater. BDEAS
was introduced to furnace by the bubbling of an inert gas (nitrogen) into the liquid
aminosilane. Typical experimental conditions are:

4 sccm O3

20 - 96 sccm O3

- TSA: 1 sccm [in the range of 1 to 7 sccm]

- N2: 100sccm
- Temperature: 400 C
- Operating pressure: 5 Torr
25 - Pulse durations were typically set at 5 seconds each and pulse duration
10 seconds

- The number of cycles was 44 cycles.

A thin film of silicon oxide with no detectable level of hafnium was observed by

30  Auger spectroscopy.



was introduced to furnace by the bubbling of an inert gas (nitrogen) into
the liquid am nosil ane. Typical experinental conditions are: - 4 seem 3 -
96 seem GRO-200688752% seem[in the range of 1 to 7 seem PCHEP2006006@E29M -
Tenperature: 400 C - Qperating pressure: 5 Torr - Pul se durations were
typically set at 5 seconds each and pul sepgdurati on 10 seconds - The nunber
of cycles was 44 cycles. Athin filmof silicon oxide with no detectable

| evel of hafnium was observed by Auger spectroscopy.C ainms - A nmethod of
formng a silicon oxide containing filmconprising the steps of: a)
providing a substrate into a reaction chanber, b) injecting into the
reaction chanmber at |east one silicon@@msini ng compound sel ected fromthe
group consisting of: - am nosilanes having the formula (R R2 N)x Si H4- X
wherein R and R2 are H, Cl-C4 linear, branched or cyclic carbon chain and
x i s conpr il sef nethoe ohformingda dilicon ozidk@ontdiniag disn comgpcisingxthe istepseofhavi ng

154 o SRR el T (T 2L 7
2) (0-(=0)-R bZ) infectihg thto fthd Feactibh &ha el vt leist 8@ eRite bAtairfing cémpound
(0-C(=0) - Me) selected from the group consisting of:
- aminosilanes having the formula (R1 R2 N)x SiHs-x wherein R1 and Rz
are H, C4-Cs linear, branched or cyclic carbon chain and x is
10 comprised between 1 and 4,
- alkoxysilanes or acetoxysilane having the formula:
Si(OR")(OR?)(OR®)(OR*),or
(OR")(OR?)(OR®SiSi(OR*)(OR®)(OR®), or
(OR")(OR?)(OR®SIRSi(OR*)(OR®)(OR?®), or
15 Si(0-C(=0)-R")(0-C(=0)-R?)(0-C(=0)-R*)(0-C(=0)-R*), preferably
tetra(acetoxy)silane Si (0-C(=0)-Me) 4
wherein R, R', R? R®, R* R%, R® are independently H, O, C1-Cs linear,
branched or cyclic carbon chain.
- silanes having the formula (SiHs), R, with n comprised between 1 and
20 4, R being selected from the group consisting of H, N, O, CH,, CH;-
CH,, SiH,, SiH, Si.
- Tetra(isocyanato)silane having the formula Si(NCO)4

c) injecting into the reaction chamber at least one oxygen containing gas,

preferably selected from the group consisting of ozone, oxygen and/or
25 moisture (water).

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.

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



wherein R Rl, R2 R3, R4 R5, R6 are independently H O GC-C 6 linear,
branched or cyclic carbon chain. - silanes having the formula (SiHs)n R
with n conpriead7iezet ween 1 and 4, R being sel ected frompChaErgesnpos29
consisting of H N, O CH2, CH2- CH2, SiH2, SiH Si. -

Tetra(i socyanato)silane having the fornmulg Si (NCO c) injecting into the
reacti on chanber at | east one oxygen containing gas, preferably sel ected
fromthe group consisting of ozone, oxygen and/or noisture (water). d)

reacting ap -aAtigipetacebRIME OV Whelell the SibstRes id Reated ey redictibgast
one of the silicon containing conpounds and at |east one of the ozone

cont ai ni ngclgeer aftergisyiatrogycting, referatdy p|tp doe resctige chambardemgerature,
deposi ted t ’ e steps b) to d) until the desired
filmthi ck Fe?(!-)s@ol s?gﬁtég%e F%b) }A) ﬁ%ﬁay %gcordi ng to claim1 wherein the
substrate is heated in the reaction chanber after its introduction,
preferably_ up,to.the rea erte erat rigr.to carrying.out
teps 3, 37 A fethiif abfoiiing®g AR poifaelattriy e St S G Rer oi n
at | east opgrriet ﬁteﬁﬁ discontiflied ifjbciich ©Rr4ti Iedstodhe of MesmboWahaAoect i on
of at |east one of the conpounds and/or gases. 4 - A method according to

one of cl afa®St to 3, wherein pul sed Chenical Vapor Deposition (CVD) or

At om ¢ Layer Deposition (ALD) is carried out in the reaction chanber. 5 - A
met hod according to one of clains 1 to 4, wherein sinultaneous injection of
at | east ofle- Aompthoddacoonding tdwanetofcmairrm(yger&Metrejhrpui@ogé)behécaia\taﬁoed out

:AE e'; 2?}1 fiptglpﬁg |§r§] ?ﬁgﬁétqrg}}ogyc ?ye °Be88s‘%P kNLqD)t 2 Hred ou(t: 'the reac i9n 4

chamber.

5 — A method according to one of claims 1 to 4, wherein simultaneous injection of
at least one compound and at least one oxygen containing gas is carried out in the
15 reaction chamber.

6 — A method according to one of claims 1 to 4, wherein alternate injection of at
least one compound and at least one oxygen containing gas is carried out in the

reaction chamber.

20
7 — A method according to one of claims 1 to 6, wherein the at least one compound
or the at least one oxygen containing gas is adsorbed on the surface of the
substrate prior to the injection of another compound and/or at least one oxygen
containing gas.

25

8 — A method according to one of claims 1 to 7, wherein each compound and/or
oxygen containing gas injection is followed by a purge gas injection, such as an
inert gas injection, in the reaction chamber.

30 9 - A method according to one of claims 1 to 8, wherein compounds and/or gas

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



| east one conpound and at | east one oxygen containing gas is carried out in
the reaction chanber. 7 - A method according to one of clains 1 to 6,
wher ei n twe 2ad6/doeszst one conpound or the at | east one orgg@P2@6NL@RNI Ng gas
i s adsorbed on the surface of the substrate prior to the injection of

anot her conpound and/or at | east one oxygen containing gas. 8 - A nethod
according to one of clains 1 to 7, wherein each conpound and/or oxygen
containing gas injection is followed by a purge gas injection, such as an
inert gas i0j-eAtmethod dcdoiding@8Gric0sr 6B arto & whérelfPtHOFbaRE6R 'chiafibek 0 One
of clains 1 to 8, wherein conpounds and/or gas_injections are repeated
until the Be@ssHedssStmastdA Jion Reeferably atmesfederri s obt ai ned. 10 - A net hod
according to one of clainms 1 to 9, wherein the reaction chanber pressure is
at nost 100 Torr, preferably at nost 5 Torr 11 - A nethod according to one
of clai ns 11t0AIfethat eceordindhéo bhé ofi dlaimatietot 10, whéreindihg 12 bontaiamterd ifii | m
is less_.than 8~102 1 .atons/cc. 12 - t hod according to one of clains 1
to 11, %eﬁ]ﬁﬁ'qlzﬁgnéairgﬁg%ﬁﬁ[ﬁsﬁ% @e@pli%%g‘s S m xture conprising oxygen
and ozone with a ratio ozone to oxygen bel ow 20% vol ., preferably 5 to 20%

vol. 13 - A method according to claim 12, wherein the oxygen/ ozone gas
mi xt ure i s14i1 Htathogtapcarding &o ong-af claimss bt dly whereis dad 0zene coptaifing od

accordi ng fal i ; { bl b Aatgi gy
conpound i éai‘yéc ed Exrtgrlﬁa%ﬁpéﬁl o@ﬁ%%\,r%ﬁgf\dr?g n E(%} gA')a r?ﬁ?&zﬁy?éﬁid&ﬂen
(Si H3) 3N Dselobi 20% yvhnprefesably 10 RI%ABI.Bi s(di et hyl ami no) si | ane Si H2( NEt 2) 2
BDMVAS Bt s(di net hyl am no)silane SiH2(NVe2 2 Tri DMAS Tri s(di et hyl am no)sil ane
SiHNWe™ 2 3

13 — A method according to claim 12, wherein the oxygen/ozone gas mixture is

diluted into an inert gas, preferably nitrogen.

14 — A method according to anyone of claims 1 to 13, wherein the silicon

15 containing compound is selected from the group comprising:

(TSA) Trisilylamine (SiHs)sN
DSO Disiloxane (SiH3).0
BDEAS Bis(diethylamino)silane SiHx(NEt2)-

20 BDMAS Bis(dimethylamino)silane SiH2(NMey),
TriDMAS Tris(diethylamino)silane SiH(NMe3)s
Bis(trimethylsilylamino)silane SiHx(NHSiMes3)2
TICS Tetra(isocyanato)silane Si(NCO)4
TEAS Tetrakis(ethylamino)silane Si(NHEt)s

25 TEOS Tetrakis(ethoxy)silane Si(OEt)4

30

BTESE Bis(triethoxysilyl)ethane
TAS Tetra(acetoxy)silane

introduced into the reaction chamber.

(EtO)3Si-CHa-CH,-Si(OEt)s
Si(-O-C(=0)-Me)s

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



Bi s(trinmethylsilylam no)silane SiH2(NHSiMe 3 2 TICS Tetra(isocyanato)sil ane
Si (NCO) 4 TEAS Tetraki s(ethylam no)silane Si(NHEt) 4 TECS

Tet r aki s(wohoosypzizsane Si (OEt)4 BTESE Bi s(tri et hoxysi | ylpretmpans/ 060829

(EtO) 3Si -CH2-CH2-Si (OEt) 3 TAS Tetra(acetoxy)silane Si(-OC(=O-M) 4 15 -
A nmet hod according to anyone of clains 1 $p 14, wherein an inert gas is

al so introduced into the reaction chanber.16 - A nmethod according to any
one of clainms 1 to 15, wherein a snmall amount of catal yst, such as |ess of

1% of Hf ( N6 2) A méthdiiiicéording ff AMHERE @f chifs e 15 aedrein £ Barh&imount of
catalyst, such as less of 1% of Hf(NEt.)s or NHEt; is introduced into the reaction

chamber.



