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20  and new equipment is being developed and implemented to make devices with even
smaller geometries. The smaller sizes, however, mean device elements have to work
closer together which can increase the chances of electrical interference, including

cross-talk and parasitic capacitance.

[0003] To reduce the degree of electrical interference, dielectric insulating materials
25  are used to fill the gaps, trenches, and other spaces between the device elements,

metal lines, and other device features. The dielectric materials are chosen for their
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instrunentalities, conbinations, and nethods described in the
speci fi calPea). Embodiments of the invention may also include a method for of depositing

a silicon oxide layer over a substrate. The method includes providing a substrate to

a deposition chamber. A first silicon-containing precursor, a second silicon-



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] A further understandi ng of

t he nat ur ewandvagizant ages of the present invention nay pog/usembiszed by
reference to the remaining portions of the specification and the
drawi ngs wherein like reference nunerals are used throughout the
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whi ch i s theichanbauilheilicdrepieeprset amdbithiejakamic oxygen precursor may be reacted

at a process pressure between about 100 Torr and about 760 Torr to form the silicon

oxide layer on the substrate. The deposited silicon oxide layer may be annealed.

[0009] Additional embodiments and features are set forth in part in the description
25  that follows, and in part will become apparent to those skilled in the art upon

examination of the specification or may be learned by the practice of the invention.

The features and advantages of the invention may be realized and attained by means

of the instrumentalities, combinations, and methods described in the specification.



Exenpl ary Oxi de Layer Formation Processes [0018] FIG 1 shows a

f | owchart whatvisckudes steps in an exenplary net hod 100T@R200®080518g
an oxi de |l ayers over a substrate. The nethod 100 can incl ude

provi ding a substrate 200 to a deposition chanber in step 102. The
substrate 200 may be a silicon 15 substrate, a Il1-V conpound
substrate, a silicon! germeMRSNRISIIGeY CFUlSE DRASYINGGS epi substrate, a
silicon-on-insulator (SO) substrate, a display substrate such as a
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pl asma gefiikasferingtio Igapém*rd Mhem@;godspncﬂ@nbhgre@tey@m Pr)eddicd® sapoort he
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se e annealing step then nves ou moisture to leave behind a dense oxide

25  film having a wet etch rate ratio (WERR) that may approach the practical limit for
silicon oxide films (.., WERRs down to about 1.8 to about 1.4).



[ 0022] The atom c oxygen precursor can be introduced to the
deposi ti orwohenoes4R5 in step 106 where it may m x for peiasstaosstostsi me
with a silicon precursor, which can be introduced to the chanber in
step 108. The atom c oxygen precursor can react with the silicon
precursor (and other deposition precursors that nmay be present in the
reaction ghpAberne &Emﬁle&%mﬁ{cﬁ%% iRahueaR RROH renddHoAbEab 200C
and a pressure between about 10 Torr and about 7g60 Ton total chanber
pressur e atorrfiowtygan osisidecolepositide/ feadtion2bambeh dilie atomiElo@y ge2Bhay he st ep
110. The gsilicon oxide.film 220 can.redug he aspect ratio of fhe
renches BRbRERRd: & Sfci Birewee BRes s CF oloos BoRE st Bt tesg e sor
may have @eﬁsﬁon%h%bé@%@r&hcﬁ_@ﬁi%a@ eQbn 4186% thi@pbhaturds &ncdShrebsuid0 Of
7, 6, 5 4, 3, 2, 1 or less). This nmeans there can be fewer than 8

car bonS 5 atcheposh skifen exifle ever apubeitate of hwtide tarmed sraydiaee ¢ dspirecbon
at om presgnt,. 241 . 1n | ments, th L] precur sor,.nay
e a 51 | oarie! 3R AR OISR S b R b2l R a0k

t et r anet hyshle.oased dpbbitk), thd oxiddmeilhdesitablly doansreq BRIMIBmperatures to
hexanet hoxydi si | oxane (HMODS), octanethoxytri siloxane (OMOTS), and/or

oct amet hosty BRUERATIHGReaPONRERG] 521 0T SRR bt Hen adter Biegisgosition,

& 0 gp Cag n g ist'he abiné Bg IR pPha - RECL BMBR O HE 5i-OH groupsthtd BRI de

10 and water vapor, which is driven out of the deposited film.

Exemplarv Oxide Layer Formation Processes

[0018] FIG. 1 shows a flowchart that includes steps in an exemplary method 100 of
forming an oxide layers over a substrate. The method 100 can include providing a
substrate 200 to a deposition chamber in step 102. The substrate 200 may be a silicon

15  substrate, a lII-V compound substrate, a silicon/ germanium (5iGe) substrate, an epi-
substrate, a silicon-on-insulator (SOI) substrate, a display substrate such as a liquid
crystal display (LCD), a plasma display, an electro luminescence (EL) lamp display,
or a light emitting diode (LED) substrate, for example. In some embodiments, the
substrate 200 may include at least one structure, such as trench structure, well,

20  juncton, diode, transistor, metal-oxide-semiconductor field effect transistor
(MOSEET), interlayer dielectric (ILD) structure, inter-metal dielectric (IMD)
structure, circuit, other semiconductor structure or varicus combinations thereof.
The substrate 200 may be a semiconductor wafer (e.g., a 200 mm, 300 mm, 400 mm,
etc. silicon wafer). In some embodiments, the substrate 200 may have at least one

25  trench such as trenches 210 formed therein as shown in FIG. 2A. In some
embodiments, the substrate 200 may be a semiconductor wafer (e.g., a 200 mum, 300
min, 400 mm, etc. silicon wafer) and may include structures, device components, efc.,
formed in earlier processes. For example, the substrate may include the trenches 210

with high height to width aspect ratios {e.g., an aspect ratio of 5:1 or more, 6:1 or
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more, 7.1 or more, 8:1 or more, 9:1 or more, 10:1 or more, 11:1 or more, 12:1 more,

etc.).

[0019] Insome embodiments, the method 100 may include the remote generation
of an atomic oxygen precursor at a location outside the deposition chamber in step
104. The atomic oxygen precursor may be generated by the dissociation of an
oxygen containing precursor such as molecular oxygen {Oz), ozone (Os3), an nitrogen-
oxygen compound {e.g., NO, NOz, N2, efc.), a hydrogen-oxygen compound (e.g.,
H:0, H2O, eic.), a carbon-oxygen compound (e.g., CO, COy, efc.), as well as other

oxygen containing precursors and combinations of precursors.

[0020] In some embodiments, the atomic oxygen precursor may be generated by
the dissociation of an ozone-containing precursor. The ozone-containing precursor
may be a mixture gas of oxygen and ozone. For example, oxygen can be provided
into an ozone generator. Within the ozone generator, at least a portion of oxygen
can be ozonized as ozone. In some embodiments, the oxygen may have a flow rate
between about 3 standard liters per minute (slm) and about 20 slm. After the
ozonization, ozone within oxygen may have a weight percentage between about 6%

and about 20%.

[6021] In some embodiments, the dissociation of the oxygen containing precursor
to generate the atomic oxygen may be done by thermal dissociation, ultraviolet light
dissociation, and/ or plasma dissociation, among other methods. Plasma
dissociation may involve striking a plasma from helium, argon, efc., in a remote
plasma generating chamber and introducing the oxygen precursor to the plasma to

generate the atomic oxygen precursor.

[0022] The atomic oxygen precurscr can be introduced to the deposition chamber
in step 106 where it may mix for the first time with a silicon precursor, which can be
introduced to the chamber in step 108. The atomic oxygen precursor can react with
the silicon precursor (and other deposition precursors that may be present in the
reaction chamber) at a temperature between about -10°C and about 200°C and a

pressure between about 10 Torr and about 760 Torr total chamber pressure to form a
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silicon oxide film 220 (shown in FIG. 2B) in step 110. The silicon oxide film 220 can
reduce the aspect ratio of the trenches 210 to that of trenches 210a.

[0023] The silicon precursor may have a C:Si atom ratio of about 8 or less {e.g., a
C:Siratioof7,6,5,4,3,2,1or less). This means there can be fewer than 8 carbon

5  atoms in the silicon precursor molecule for every silicon atom present.

[0024] In some embodiments, the silicon precursor may be a siloxane compound
such as triethoxysiloxane (TRIES), tetramethoxysiloxane (TMOS),
trimethoxysiloxane (TRIMOS), hexamethoxydisiloxane (HMODS),
octamethoxytrisiloxane (OMOTS), and/ or octamethoxydodecasiloxane (OMODDS),

10 among other siloxane compounds:
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HsCO OCHg HaCO l OCHz
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Hexamethoxydisiloxane Octamethoxytrisiloxane

(HMODS) (OMOTS)
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(OMODDS) Cct anmet hoxycycl csi | oxane [0025] In other enbodi ments, the
silicon preouisesssamy al so be a sil azoxane conpound t hatcTiusgdosdasisone
or nore nitrogen groups. The silazoxane conpounds may i ncl ude

hexanet hoxydi si | azoxane (HVDS-H), nethyl 5 hexamet hoxydi sil azoxane
(HVDS- CH3), chl or ohexanet hoxydi si | azoxane (HWVDSCL),

hexaet hoxydi sl azoxane ¢di#DS-H) , nonarret hoxytri sil azoxane (NMIS), and
oct anet hoxycyclicsil az xane (O\}C@ 3 anong ot her sil azoxane conpounds:
CH3 H3CO /OCH3 H300 /g H3C0OCH3 Met hyl

hexamnet hoxyd| si | azoxape (HI\/D§L|CHB) Cl H300\/ OCH3 H300-
Si-N Si-OCH3 \O HBCJ HsCO
/ 7 OCH
HSCo—sl———cb—SE/’l’_ 3 HyCO—8i—Q OCHs
TR N\
A /' SocH o Si
Q ) O 3
Je OCHsl /O | | TocHs
. —3i @]
/Si g Hz;CO s;\ y
o—si
HaCO OCH, HaCO |'\OCH3
Octamethoxydodecasiloxane OCH;

{OMODDS) Octamethoxycyclicsiloxane

[0025]

compound that includes one or more nitrogen groups. The silazoxane compounds

In other embodiments, the silicon precursor may also be a silazoxane

may include hexamethoxydisilazoxane (HMDS-H), methyl
5  hexamethoxydisilazoxane (HMDS-CHa), chlorohexamethoxydisilazoxane (HMDS-
C1), hexaethoxydislazoxane (HEDS-H), nonamethoxytrisilazoxane (NMTS), and

octamethoxycyclicsilazoxane (OMCS), among other silazoxane compounds:

HaCO. OCHz
H3CO—/Si E Si QOCH3
Hs;CO OCH3

Hexamethoxydisilazoxane
(HMDS-H)
Cl
H3CO\ t OCHg
HsCO /Si N Si QCHg
HsCO OCHg
Chlorohexamethoxydisilazoxane
10 (HMDS-CI)

CHs

H3CO, CCH3

HaCO——8i——N——8——0CH;

HaCO OCH3
Methyl hexamethoxydisilazoxane

(HMDS-CH;)

CpHsO OC,Hs

H
02H5O—/Si— N—Si—0CHs
CoHsO OCoHs
Hexaethoxydislazoxane

(HEDS-H)



Chl or ohexanet hoxydi si | azoxane 10(HVDS-Cl) OCH3OCH3 IL.-OCH3 ......
H3CO Si Si Ww0?2009/058N@CH3 H3CO H3CO\ OCH3 OCH3 Nonamet hoxyrmrivskdosasasesne
(NMFS) H3CO H3C0-/Si 0 H3CO---Si H300 HN

OCH, OCHs HaCQ,
H
OCH HiCO——Si——N OCHs
HaCO—Si s S/ N4
N \OCH3 0 S
H;CO ! OCH3
/sg H3CO—-5i
N .
M3CO I CCH3 HsCO HN Si
OcH; oon,
OCHs
Nonamethoxytrisilazoxane Qctamethoxycyclicsilazoxane
(NMTS) (OMCS)

[0026] In still other embodiments, the silicon precursor may be a halogenated
siloxane compound that includes one or more halogen groups (e.g., fluoride,
chloride, bromide, or iodide groups). For example, the halogenated siloxane may be
5 achlorinated siloxane compound such as tetrachlorosilane (TECS),
dichlorodiethoxysiloxane (DCDES), chlorotriethoxysiloxane (CTES),
hexachlorodisiloxane (HCDS), and/ or octachlorotrisiloxane (OCTS), among other

chlorinated siloxane compounds:

cl OC3Hs QC,Hs
Cl-ee Sjo—Cl Clwe S OCyH5 Cl—Si——QC,Hs
Ct Cl OCoHs
Tetrachlorosilane Dichlorodiethoxysiloxane Chlorotriethoxysiloxane
(TECS) (DCDES) (CTES)
10
CI\ /C' CI\ (I?' Cl
ci Si G Si Cl Cl Si O Si @] Si Cl
/ \ / | Na
Cl Cl Cl Cl
Hexachlorodisiloxane Octachlorotrisiloxane
(HCDS) (OCTS)

[0027] The silicon precursor may have an O:5i ratio of about 0,0.5,1, 2, 3,4, 5, 6,

etc., or more. For example, TMOS has an O:51 atom ratio of about 4. Other silicon

precursors, such as TRIES, and TRIMOS, have an O:Si ratio of about 3. Still others,
15 such as HCDS have an O:Si ratio of 0.5, and TECS has an O:5i ratio of 0.



OCH3 OCH3 Cct anet hoxycyclicsil azoxane (OMCS) [0026] In still other
enbodi mentwo 2t0de@ssid | con precursor nmay be a hal ogenat e@dcsiusoxanmsis
conpound that includes one or nore hal ogen groups (e.g., fluoride,

chl oride, brom de, or iodide groups). For exanple, the hal ogenated
sil oxane may be 5 a chlorinated sil oxane conpound such as

tetrachl ofppgd)! ang sﬁiﬂgﬁ:%}ecugdcﬁi"ﬂn@% QHRINPOLD-BOKAGREE of BERERHMODS
chlorotri et hoﬁSI | oxané ( CTES exachl or odi si | oxane ( HCDS), and/ or

oct achl or oMOES KBRS m amé@éﬂ"@ Bnpg otbl eigaRREiEePsIdnepImGS.

d 0C2
et T achi of BPTSELH aR| Bt AYy ST ahBe B g Brb i Tt
( TECS) ( DS édontmihatiéh £§bm\c/arlﬁn-a$d -HdBbxyl Eroups.

5 [0029] Insome embodiments, the silicon precursors may include aminosilanes such
as Trisilylamine (TSA), Hexamethyldisilazane (HMDS), Silatrane,
Tetrakis{dimethylamino)silane, Bis(diethylamino)silane, Bis-tert-butylaminosilane;
Bis-dimethylaminosilane (BDMAS), Tris(dimethylamino)chlorosilane, and

methylsilatrane, among other compounds:

CH
s | 3 /CH3 o
|
l ° HgC—Si gi—CHs \ .
/ - N N CH N o—" SiH
~ N ™~ HaC ’ /
HsSi SitHy i O
H
Trisilylamine Hexamethyldisilazane Silatrane
(TSA) (HMDS)
H
N(CHz)2 (CzHs)zN Ve (HzC)oN
~ H
(H3C)2N/ N(CH)z (CaHs)oN (HsC)oN
Tetrakis(dimethylamino)silane Bis(diethylamino)silane  Tris(dimethylamino)chlorosilane
K\ O\
N\\\/\\ijfF__OCH3
k/ O
10 ' Methylsilatrane

[0030] In other embodiments, the silicon precursors may include disilanes
including, alkoxy disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes.

The alkoxy disilanes may include:

10



C/\ C Hexachlorodisiloxane (HCDS) addC \/ d [/Si-0-51-0-Si-a \
Cl ad Ocwveachsesstri sil oxane (OCTS) [0027] The sili eomusc@engsm
may have an 0:Si ratio of about 0, 0.5, 1, 2, 3, 4, 5 6, etc., or
nore. For exanple, TMOS has an 0:Si atomratio of about 4. O her
silicon precursors, such as TRIES, and TRIMJS, have an 0:Si ratio of
about 3. Still others, 15 such a&. HCDS hay&;an 0:Si ratio of 0.5, and
TECS has an 0:Si ratio of O. [ﬁp?%]si—‘lihei—si-hg con precursors my
include an Si-OSi |inkage, as inH OMOTS, OMODDS, HCDS,
and OCTS, anpng ot her organo-silicon conpounts. This linkage in the

silicon precursgr may.facilitate the f tion of SIQ fil L th

educed CHUERR Ret Tk oF POIRELRBEN Aee RFARSkEre Gt SpSreplp dbedkorh

sone enbodisieidsSnayt Eludk hbe@RiRhSEHIERE, SndRY¥xdeNtdxVERi1ME MRS ARES

such as Trisilylamne (TSA), Hexanethyldisilazane (HVDS), Silatrane,

Tet r al ds( @ikt fiipilafifisno) si | ane, Bi s(di et hyl ani no) si | ane,

Bi s-tert-butylam nosil ane; Bis-di nethylam rtosilane (BDVAS),

Tri s( db mef08gljanTinoglkdnyotisikinkaimey irahdiegtivydisidratcoapernadseity athorer

compounds gzo%pgﬁonded to the 5i moieties. For example, the alkoxycyclosilanes may include
octaethoxycyclobutasilane, decabutaoxycyclopentasilane, and
dodecamethoxycyclohexasilane, among others. Some examples of alkoxy disilanes

are showmn below:

{(HzsC)O O(CHz) H3CH,CO OCH,CH3
(HzC)O——Si——8ic—O(CHy) HaCH,CO——Si—— Si— OCH,CH3
S ™~ SR S ™~
(HzC)O O(CHg) HaCH,CO OCH,CHs
Hexamethoxydisilane Hexaethoxydisilane
HyCO OCHs
HaCO, si OCH3;
S'/ \S'
HsCO— |' I"“*ocﬁ3
HaCO—_ L gj——OCHs
-
HsCO / OCHj;
HaCO OCH3
10 Dodecamethoxycyclohexasilane

[0032] The alkoxy-alkyl disilanes may include:

R Rio
Ra /81 8! < R-ﬂ
Rg Rq2

wherein R7.12 may be, independently, a Cy3 alkyl group or a Ci3 alkyloxy group, and
wherein at least one of Rr.12 is a alkyl group and at least one of Rz12 is an alkyloxy

15 group. Alkoxy-alkyl disilanes may also include cyclic disilanes with alkyl and
alkoxy moieties, such as butasilanes, pentasilanes, hexasilanes, heptasilane,
octasilanes, efc., having at least one alkyl and alkoxy group bonded thereto.

Examples include octamethyl-1,4-dioxa-2,3,5,6-tetrasilacyclohexane; 1,4-dioxa-

i1



H3Si Si H3

( FI NDS)

( C2H5) 2N,
5
10
15

CF-13CH3 H3C- SiSi /CH 3 H3C/ CH3 Hexanet hyl di sil azane
Twogndoysssme ne (TSA) Sil atrane (H3C) 2N- / N( CHB)rasreo0s/080518
., N(Cl113)2(C2H5) 2N

2,3,5,6-tetrasilacyclohexane; and 1,2,3,4,5,6-hexamethoxy-1,2,3,4,5,6,-
hexamethylcyclohexasilane, among other alkoxy-alkyl cyclosilanes. Some examples

of alkoxy-alkyl disilanes are shown below:

CHa
H3C\ / };.2
Si :
HaC s o HZSi/ ~o
H30/ |
. — CHg 0. SiH,
O\ _ /SI\ \Si e
Si CH H
SN, :
HaC CHs
octamethyl-1.4-dioxa-2,3,5,6-tetrasilacyclohexane 1,4-dioxa-2,3,5,6-tetrasilacyclohexane
HsCH,CO OCH,CH;3
HsC——Si——Si—CHj3
> ™~
HCH,CO OCHLCH;

1,1,2,2-tetraethoxy-1,2-dimethyldisilane

[0033] Alkoxy-acetoxy disilanes may include:

R13\ Rig
Ry Si——SICRer
Rqsg Rig

wherein Riz17 may be, independently, a Ci alkyl group, a Ci5 alkoxy group, or an
acetoxy group, and wherein at least one of Riz.7 is a alkoxy group and at least one of

Ri317 is an acetoxy group.

[0034] In still other embodiments, the silicon precursors may include
organocyclosilanes such as cyclobutasilane, cyclopentasilane, cyclohexasilane,

cyclocheptasilane, cyclooctasilane, eic.

[0035] Insome embodiments, the silicon precursor may be mixed with a carrier gas
before or during its introduction to the deposition chamber. A carrier gas may be an
inactive gas that does not substantially interfere with the formation of the oxide film
210 over the substrate 200, Examples of carrier gases can include helium, neon,

argon, and hydrogen (H), among other gases.
[0036] Inembodiments of method 100, the atomic oxygen precursors and silicon

precursors may not be mixed before being introduced to the deposition chamber.

12
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(H3C) 2N Tetral ds(di et hyl am no) si | aneBi s(di et hyl am no) si | ane

Met hyl si | avoame/0pB3080] |1 n ot her enbodi nents, the siliceoTpsamanserss
may i nclude disilanes including, alkoxy disilanes, alkoxy-alkyl

di si l anes, and al koxy-acetoxy disilanes. The al koxy di sil anes may

i ncl ude: H27Si R3 wherein Rio may be, independently, a Cl1-3

al kyl oxy gROBRculsOs n82d b She EGIR KDY H b ak AB 652t IRY séilehiude
'S i 5 oth

hexamnmet hoxy I | ane, and hexaet hoxydi si Fane anon er al koxy
di si | anespresufs0@idts dibtibatddorgunt siaktiorechambyr.i Faoleaimpley dleiatordicsi | ane

conmpounds _wi t h al kox roups ;bonded.to t.h i ieties, [For. exanpl e,
Ehe al Koxy R BTt Sk SRRy oF AOPL e bt it g TR Bbth e e
decabut aoyygiysiearERt@phbdRehe Akl T8 a RNy &YEte RRRST bARE oxAsENg
ot hers. Sone exanpl es of al koxy disilanes are shown bel ow
5  precursor in a direction substantially perpendicular to the substrate deposition
surface. Meanwhile, the silicon precursor may enter from one or more inlets around

the sides of the deposition chamber. The inlets may direct the flow of the silicon

precursor in a direction approximately parallel to the deposition surface.

[0037] Insome embodiments, the atomic oxygen precursors and silicon precursors

10 can be sent through separate ports of a multi-port showerhead. For example, a
showerhead positioned above the substrate may include a pattern of openings for
the precutsors to enter the deposition chamber. One subset of openings may be
supplied by the atomic oxygen precursor, while a second subset of openings is
supplied by the silicon precursor. Precursors traveling through different sets of

15 opening may be fluidly isolated from each other until exiting into the deposition
chamber. Additional details about types and designs of precursor handling
equipment is described in a co-assigned U.S. Provisional Patent App. No. 60/803,499
to Lubomirsky et 4, filed May 30, 2006, and titled “PROCESS CHAMBER FOR
DIELECTRIC GAPFILL," the entire contents of which are hereby incorporated by

20  reference for all purposes.

[0038] As the atomic oxygen precursors and silicon precursors may react in the
deposition chamber, they can form the silicon oxide layer 210 over the substrate
deposition surface in step 110. The initial oxide layer may have desired flowability,
and can desirably migrate into gaps, trenches, voids, seams, etc., in the structures

25  presentat the deposition surface. This can allow the method 100 to provide oxide
fills that can be substantially free of voids and seams in gaps, trenches, and other
surface structures that have high height to width aspect ratios (e.g., ARs of about 5:1,
6:1, 6:1, 8:1, 9:1, 101, 111, and 12:1 or more).

[0039] Referring again to FIG. 1, a post deposition anneal 112 of the deposited

30  silicon oxide layer 210 (shown in FIG. 2B) may be done in a single step, or multiple

13



[ 0032] The al koxy-al kyl disilanes may include: Rl 0 Si N - R Rl2
wher ei n RAvd209myssle, i ndependently, a Cl1-3 al kyl groupcomsao$ioses:s
al kyl OXY group, and wherein at |east one of R7.12 is a al kyl group
and at | east one of R2-12 is an al kyl oxy 15 group. Al koxy-al kyl

di silanes may al so include cyclic disilaries with al kyl and al koxy

oi et ©5. o 3hchh g fggte%%&@ﬁ%ﬁay @@&B&Sf&aﬁﬁﬁga 'txhé‘ﬂ?c}epgglded PRy

hept asi | an octa Il anes, etc havi n ast” ‘one &l
group bo nibetboth&0&E oo aliouh hfl0&s (etg}(albud’eﬁoo C to about 900° C) ina substantlaﬂy

gcgage t6h¥ y}aégliog@{tl Otﬁ'xyg 6%12&3 Fl%g}g%tﬁ,:}‘&af Il‘lllﬁla,g}‘/gcoln?fgce 5( altlle annea Cglll ?e)égc_we

1,2, 3, 4, Spbishes et ﬁﬁﬁépé&l&d&ﬁferﬁné cbn@%%ﬂ@l—hﬁo‘?ﬂ%ﬁ? R0 eXiaS 5888,

anong ot her al koxy-al k cycl osil anes. Sone exanples of al koxy-al kyl
di sil aﬁesTla&@r@hhvbﬁﬂbem gwde layem@m@@mm@psd ﬁl’m:quaiilcﬁieag a WERRp13

HECH2 Q0. Ogblg%gél%o %bo]ﬁt% c?r lftases} Lt %rr?;%)&ecil' Qualgles asa Xlefiecaicl (? S €a k-value

approaching or equal to pure silicon dioxide). In some embodiments, the anneal

step 112 may be carried out at about 900°C in a nitrogen ambient for about one hour.

[0040] In some embodiments, multi-step anneals may include a two-step anneal

10 where the layer first can undergo a wet anneal stage, such as heating the layer to, for
example, about 650°C in the presence of steam. This may be followed by a dry
anneal stage, where the layer can be heated to a higher temperature (e.g., about

%00°C) in an atmosphere that is substantially free of moisture (e.g., dry Nb).

[0041] [n addition to wet and dry thermal annealing, other annealing techniques
15  {(alone or in combination) may be used to anneal the silicon oxide layer 114. These

include a steam anneal, a thermal anneal, an inductively coupled plasma (ICP)

anneal, an ultraviolet light anneal, an e-beam anneal, an acid vapor catalysis anneal,

a base vapor catalysis ammeal and/or a microwave anneal, among others.

[0042] FIG. 2D is a cross-sectional view showing an exemplary STI structure. In

20 FIG. 2D, a dielectric layer 230 such as a high density plasma chemical vapor
deposition (HDP CVD) layer may be formed over the annealed silicon oxide layer
220a. Since the annealed silicon oxide layer 220a can have a thickness at the bottom
region of the trenches 210 larger than that on the sidewalls of the trenches 210, the
aspect ratio of the trenches 210a may be desirably reduced. Accordingly, the

25  dielectric layer 230 may be formed and filled within the trenches 210a without
substantially forming seams, gaps or voids within the dielectric layer 230. In some
embodiments, the formation of the dielectric layer 230 can be optional if the oxide

layer 220 may desirably fill the trenches 210 shown in FIG. 2A.

[0043] In some embodiments, the dielectric layer 230 may be subjected to a thermal

30 treatment such as an anneal process (not shown). The thermal treatment may

14



5 [0033] Al koxy-acetoxy disilanes may include: wherein R13-17 may be,
i ndependenwbDypooas319 al kyl group, a Cl4 al koxy group, @CTAS2@e/e10618y
group, and wherein at |east one of R13-17 is a al koxy group and at

| east one of R13-17 is an acetoxy group. 10 [0034] In still other
enbodi nents, the silicon precursors may include organocycl osil anes

such as cyghabWRaLPHR iGYSOROB BB [2REne SHEIRRENBShk PRGesses for
cycl ohept asi | ane, cycl ooctasil ane, etc. [0035] In sonme enbodi nents,

t he sili clonmpresibedédectmalpydreShiareé thathemnal txeaondrg mayde dpsipozle Toe

duri its.i ' h Lt hanmber .. A 1L er,.
be an-15 SR e PnlPoldon B bE e R ARl E PR Th

for mat i onge@fcheheigoxi de film 210 over the substrate 200. Exanpl es of
carrier gases can include helium neon, argon, and hydrogen (1-12),

among ot Neho @35 B0 lial afa b it Sroplsaet hod 100, the atomic
oxygen precursol ot be m xed before

bei ng int C to. t deposi.ti gn chapber. he precursors.may enter
Che chanbBPl R iseafr SHEt stha PR RS oy ar At " L BT 27 <

di stri but gf-Ar Q4 2§ &ARef RN RAMBES, thE RleIREIID & fobhfc@hQMTIcen BXgen
precursor may enter” froman inlet (or inlets) at the top of the

chanber alagerposy inchdedtapis p&% 0% atbdipe Staped02 i prayide a substratgl(eat may
direct theg flqQw. of the.oxvgen.5 p i di. i

subst ant | TG SuP et LRt hAREHEBR R s e Rt RE e ypipatg 200
Meanwi | edestfiedsdHove acfj@@ubs oFithT®E. enter fromone or nore inlets
around the sides of the deposition chanber. The inlets may direct the
flow of tngysi !ﬂq%&? 3@&,%&%§£ﬁcdn&o%té§ﬂﬁhg%é&%o@%e%d@ﬁc%‘n}’mﬁ?aﬁﬁh el
to the deposition surface. [0037] In s enbodi nents, the atom
oxygen preecusor svdardarsinoniadHp) plesns orsbd Gactad thiormentiliconraxidgh

f | ti- -head.  F I h head
oot 1 ondlVHndU S ThE TP ey TibRaau i FE AL CpSNREL o

t he precukesfbse bosiEMbend bhe SHsest! oathehanbelimetRethedisailicoh-
openiggs may be supplied bg t he atom c_oxygen precursor, while a
second’ suBBERINGE rEpERsR §an Pereagiya weh Niys Rlpana sl qthsy sphpdisrents,

FT eCuT SO e ARl bRGoRAIANOPr Ll bARED InARl Rasloh R IO Y. be

fluidly isolate her unt exiting into the deposition
chanber . woaithpsyniddxade { ERIMOZbloakachlymeissilanehed BT SDBIT MIPS Sl

handl i ng L.pme LS. described.in a co-assigned U S .Provisional
Patent | ApLCNG AREGTE0S. 460 ST HBBRTPLk Y oo e B RS P 29006,
and titl eghaPREFESS.SEHOMBERPRLEAtELEWERI C GAPFILL, " the entire
contents of which are hereby incorporated by 20 reference for al
PUrPOSLS-10046] In some embodiments, the second silicon-containing precursor may include

at least one 5i-N bond. The second silicon-containing precursor may desirably
reduce shrinkage of the silicon oxide layer. In some embodiments, the second
silicon-containing precursor may expand the atomic structure of the silicon oxide
layer. For example, the shrinkage of the silicon oxide layer can be of about 32% or
25  less. Insome embodiments, the second silicon-containing precursor may expand the

silicon oxide layer by 11% or less.

[0047] Insome embodiments, the second-containing precursor may include TSA.
In some embodiments, at least one of Si-H bonds of TSA can be replaced by Si-CHs
bond. For example, a Si-H bond on each of Sills can be replaced by a Si-CHs bond.

15



[ 0038] As the atom c oxygen precursors and silicon precursors nay
react in tWe:epPssSkd i on chanber, they can formthe sil iPCOISRNOROS1S

| ayer 210 over the substrate deposition surface in step 110. The
initial oxide |ayer nmay have desired flowability, and can desirably
m grate into gaps, trenches, voids, seans, etc., in the structures 25

present afoouble Hepaséd tf@at@wﬁ@gasm;{ Rias b@%@n@biea\eh bR exieBlaNpAsHI0 to
provide oxide fills that can be substantially free of voids and seans

| n gaps, SensigthReer indhederdstionshembere Tefistsiices- cpwamtw@cmnsgmmbl ght

to width ) f about .5:

10: 1 11 1 PPl BobBalne ofFisfy B iR S D et g
post depotietdepdsidoime@mikt 2o plterthbtovilepeNMeplaglasi | i con oxide | ayer
210 (shown in FIG 2B) may be done in a single step, or multiple

steps. sA | eShRR AMERhaBYsRE THARSD 25 QTS Xsi&gg)é ting the
deposi tedfqogger to abeout SO%C to gbout 18%‘83% . ‘B%yutg% 0OCto
about 900@)ocessirg tempstasant ibatWeencibyutdl Wospheree I songe embedimehtsy ihgen,

hel i um ar et.c. nneal an IS t he

deposi tedP Ceg@@%ﬁ@&%ﬁ{fgﬁ etgpe @Fi@{)@ar}c}]%@?‘y&g ipeoég‘ﬂéate 8 The
anneal ed $$Aic60Be Betivden ABYRM 0 BRUIAARNHINBIO BTk s8R drldabbf: o, 2
VERR of about 6 to about 3, or less) and inproved qualities as a

di el ect ri & Tp somg epbodimants e fhae hatm gt BFA eaned batwepatous 00 seon

di d I i ed t
at “aboit " BbR AR ERRRC HE b el TAERS T e Bt SR W e,
sone eanmmnﬂwmm@ﬁgﬁamxﬁﬂﬂntﬁﬁnaghﬁ H&mmﬁﬁﬂmmﬁh@nﬁmﬁeﬂb&&a&ﬂﬂea| 10

where the W lb rst (F\n undergo a wet anneal stage, such as_heating
the |ayer %&@H@ B FemES ot HE %?B@éﬁlfé@ff@f ZEneEating R s

may be fokikqwed HQYcaﬁ heby a abRSate b%tn@&%’ abWRETR0 k& AR 95011&@@56’&0916% ed

to a higher terr{’)erature e.g., about 900C) in an atnosphere that
subst ant i ‘@Iml%/em @éﬂl@ﬁtsn@ﬁébmletf(@ Y H; isfpejwhig) abou0 0,009 scl:nm aaddibbiion t o
wet angd sddgrmal annealing, other annealing techniques 15 (alone
or in‘co astl oh) may be used to anneal the silicon oxide |ayer 114.
These mgd ﬁ%ﬁg %t eam anneal_, a thermal anneal, an inductively

coupl ed Tofer B anniBdp G HPP PoRA%eHre e GRPosiedion gHdg laveam

anneal , am RelbrYiRRBheME Al @6%@%11&@&00 g%%ﬂgii%%rnbg%ta?éyegh s anneal

and/or a mcrowave anneal, ‘anong ‘ot hers
Cross- secqmwhowmthﬁﬁow ng an exenplary STI structure. In 20 FIG
2D, a dielectric layer 230 such as a high density plasma chem cal

vapor depossl]i dn sédiPRmBYRmdray i femyinge siliotBddoger, tiel dhRaabetsA
silicon oxide |ayer 220a._Since the anneal ed silicon oxide |ayer 220a

can hdve &9t |a@RWé‘£0§ S‘éth t Fee POy edfof EMRRY &M herpport b@ﬂ?ﬁégmz Toe flavger
h h f
than t atra@bfttﬂ&.e er"?&?raﬁ%? I@fgﬁ%ﬂgﬁng% betagyl ng 2 ﬁréxatfhg 0

the trenches 210 may b eS| ra Accor
processing temperature can be about 10°C. The processing pressure can be about 1.5

Torr. In some embodiments, the curing step 306 may be omitted. An anneal process
(not shown) may be applied to the deposited silicon oxide layer, the anneal process

25 may be a two-step steam anneal. One of the steps may have a processing
temperature of about 600°C; the other of the steps may have a processing
temperature of about 850°C.

Exemplary Substrate Processing System
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25 dielectric layer 230 may be fornmed and filled within the trenches
210a w t houo 280¢l9833¢int i al |y form ng seans, gaps or voi dCRUSkIOR0F0RES
dielectric layer 230. In sone enbodi nents, the formation of the
dielectric layer 230 can be optional if the oxide |layer 220 may
desirably fill the trenches 210 shown in FIG 2A [0043] In sone

enbodi menfoes2]t MBepdkion idtbis LAy elay2ddlditsnt BRbSdB] a6 Fdhd Pregerither mal
30 treatnent such as an anneal process (not shown). The thermal

t r eat ment infggtiorgaay mehidp }e@héﬂfsytymlﬁérrm wiet yapor éyé@mz:gdHIPErCéfé?}e
enbodi nen, I er. 1230 and
the ther n%’fﬁ’teféé ]tar%é%tg&?rf%%g d?erﬂmgo ?Igdéf)ﬁgmg%l@ con o |§§¥sf%1ber 220
(shown i rhtﬁio@haﬁ)chwabﬁaﬁo@ l’dﬂ”p@lsxt@cﬂd(S&ﬂbB])amtesz |aprdfthérmal hleemlt:ﬂnc hes
210. 5 Anot her, Exenpl ar% i de La%é;r< Formati on Processes [0044] FIG
3 is a fl¥AR%E Hamﬂ%crw FsattotrRrihekyRpt Hsystreendepciisrexpapies RCAR

silicon oxiflg,d dtﬁé(t%a I%Eh%ﬁlﬁcginﬁlez% oPthelififeriBh Besl R0 Cofrat ng
an silicon oxi fer may 1 nc e steps 302, 304 and 306. Step 302
can provi UbTN&B‘bEﬂPaiﬁD(ch@mbsﬂsém)emmazmd ﬁR@@iﬁﬁRWd’ﬂ%nber The
substrate be siml ar r 0 ve.in
conj unct |“3ﬁ"yﬁef5r{ SHIEnS, i“’alﬁ Tml QE\% "’9 én?l Egzlnqta LRSS Alifortia
silicon-containing precursor, a second S|I|con cont ai ni ng precursor

and an anﬁﬁlﬁﬁﬁ] Exppisy om%mtwaﬂceﬁ@ng exetresthebrandiermsed witthiexemplxy de
| ayer, 0 risor
can i 11 (jaERe BLAGRIRIE el RS BheSltoh ERRRLAR 00 B FEHLS
enbodi mentUs, Pidvesidiial Bitest Ape o, 6(&,5803@99 & hnkmgmmkg@udlsﬁied B8y 3022006,

LYo ML AR G B IROSLORRLS, ot v
L e ot TR ycerach acocssacgte, (HEMRha AEIGS
silicon- c&)’ﬁtealsnn%gmplmée@h®oﬁh¢my ahédescabéﬂglUétBEm_ Nas. 0s86P07%bwut 8 or
| ess. ; é%%@ll whic a1e %Is%lrrxgggrl rorreateé %ere eqar e &99@1%%§c§rlalllcéo%gggsgy.t al ning

precursor ‘may 1Thcl'ude a east one e Sse

silicon-cant aining precursor may desjrably reduce shrinkage of the
Si1icon oobd lfedgraing nef tode %‘hﬁ’&aﬁl%&rpgs-ses%@a!&wﬁ@ QAT ofem 105

si |'i con- coptal MhithsRHVREHLR Ms&ﬂ‘%@ﬁ%ﬂe@% BHaPHR1RS | UGBS vofn f5he
silicon oxide |ayer. For exa e shrinkage of the silicon oxide

| ayer carnisea gfandisolid ageosbdy 1515 The$aVD systern AR centbiod i gendistribuiiens econd

e O SRR B SR E FARTP Bt LA R A -

pr eCUuz orhdyead patiebtite? chbred WithDie @fm@sh diember 15atGdseastibaien of Si - H
bonds of TSA can be replaced by Si-CH3 bond._ For exanple, a Si-H bond
on each oramfelfdl may hedoyasd GewpnRleckiafly cpndusting ppterial in order to

serve as an electrode for forming a capacitive plasma. During processing, the

Lll

substrate (e.g. a semiconductor wafer) is positioned on a flat (or slightly convex)
surface 12a of the pedestal 12. The pedestal 12 can be moved conirollably between a
25  lower loading/ off-loading position (depicted in FIG. 4A) and an upper processing
position (indicated by dashed line 14 in FIG. 4A), which is closely adjacent to the
manifold 11. A centerboard (not shown) includes sensors for providing information

on the position of the wafers.

[0055] Deposition and carrier gases are introduced into the chamber 15 through

30  perforated holes 13b of a conventional flat, circular gas distribution faceplate 13a.
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[0048] It is noted that the NH3 plasma nmay be generated in an
external pvagemg/iogemerator or in the deposition chanber PCTRS2(08/AZHF1S
silicon-containing precursor and the second silicon-containing
precursor may be m xed or separately introduced into the deposition
chanber to interact with the NH3 plasma. 5 [0049] In sonme enbodi ments

usi ng TNQ&@I@MC&%;@ b SRitdRApraBaEs BAMS fIBWRKhRORS Shatihek PR N iflet
bet ween about C or nore. I n sone enbodi nents, the processing

t enper at umémf@ldﬁét theasighatronventtone] perépralsd blockey ate 3 and thew thegughof
TSA can OI%EIS‘{\)BIﬁﬁa Pﬁﬁlbu#f; gacﬁ%ng?rﬁa centinmeter per mnute (sccm and

about 55 the flow rate of TSA can be
bet ween about 400 10 and about 430 sccm. The flow rate of TMDSO can
be bet weelf028] Sgtore trashing ity maRisld hl prisiosiinm fRd EatHiRY SasRtPI8 BRI P800

mgm |4 e%%%gﬁl@@?ﬁ'tﬁ%ﬂ% gastslal r;)l%s 4 a%zx%geh@ /houty EQ‘Q mgm

In sone I ments e pre sor or gener ng the NH3 plasnma can
have a f|aombiat@alikthaeeemiabownifaBO. Qmmaﬁmﬁhabmpply 1in@ &G escicpmocess

sone enbodi nents, the flow.rate of. N ween abo t 1 0 sccm
and about Sara i SEusil B UT R B Voo G aBaT PalRrde ST ep 506
can cure M%sa@pquﬂdr%rﬁﬂa I SRR-FKiHE Bl o rocekilg SARB tﬁmﬁé@rﬁr@, nﬁt ep
306 may be simlar to st 112 descri bed above in conjunctlon W t

FIG 1. [ m@mf}ow rourtierselaiso aohaheven) tloat nheasutiethe Bowiof grsghranghdbe | ayer ,
the f te TSA 2 be f TMDSO
€ Il(? w ruﬁop }:7'_?16% V%ﬁen QOXJCI:C?éaS?ﬁ arg‘gg m"ltﬂg p][soﬁ:gss thl@&zedl%ﬂfgyféhg%ﬁg .

can be” abo ow ta € precursor rating
the NH3 pl#isesare @asmenemﬁiﬁacﬂ g268: e hne ikenprtioasisonfigiratpes at ur e
can be about 10C. The processing pressure can be about 1.5 Torr. In

sone enbogpsA rﬁ'é 1de§>9§t1c9rl‘ o@&s %ﬁ@rrﬁ&ﬁrﬂiﬁé’ C® Qtekd BflanAR cRBEA!
process (not shown e applied to the deposited silicon oxide

| ayer, th‘éleanﬂlqabcqﬁ gcegb@@%nh%@é paoqemlsaeﬁﬂsmaeqﬂnﬁmﬁda;apcesme of

the steps have era u e of, abou her
of the. ot RREoHA e Pk SR e RS el SRl Pt
Exenphgr y1:ﬁL33ﬂtthab@dd§fa®QE§c$a§lg eﬁwet tﬁmprcﬁc@&%%]s nidefesiotfonn agystens t hat
may i npl enent enbodi nents of the present jinvention nmay include

hi gh- densMitTpibs sEandiahegian %‘ﬁ%ﬁn t9e frsepipicdne prbblegrdpstal 12 dhks
plasma enn%mﬁ ﬂpﬁlﬂ@;&&h Y ARREL Qsecmgs;eaem r@%ggg%oﬁ&ﬁﬁeﬁ'@o}? HBIasma
I ystens I

at mospher chem cal vapor deposition ( and therm
cheni cal fﬁavtatp@epdsem)éeestimd Mmmthmrf@mﬁ@eaemndv@@sww%r SWEpostes.

Specific exa D sys ns, .t hat t enbodi ts of
Che. i nverth BRCTIS B RIS GERRORA Uk TENOrET B o RRATIBP L) Byt errs,
and PRODUGHEIRE E’E@(ﬁs phaber Shigh ﬁF&E@queﬂdya(RF@}iﬂfQS 56 aapi AR hediow RF
Nhterlals | nc Santa Clara, California.
frequency (RF2) of 360 KHz to enhance the decomposition of reactive species
introduced into the vacuum chamber 15. In a thermal process, the RE power supply
44 would not be utilized, and the process gas mixture thermally reacts to deposit the

desired films on the surface of the semiconductor wafer supported on the pedestal

25 12, which is resistively heated to provide thermal energy for the reaction.

[0058] During a plasma-enhanced deposition process, the plasma heats the entire
process chamber 10, including the walls of the chamber body 15a surrounding the
exhaust passageway 23 and the shut-off valve 24. When the plasma is not turned on
or during a thermal deposition process, a hot liquid is circulated through the walls

30  15a of the process chamber 15 to maintain the chamber at an elevated temperature.
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[ 0053] Exanpl es of substrate processing systens that can be used with
exenpl ary WO 2m8t0lsds of the invention may include thos@cshswesasdis
described in co-assigned U S. Provisional Patent App. No. 60/803, 499
to Lubomrsky et al, filed May 30, 2006, and titled "PROCESS CHAMBER
FOR DI ELECTRI C GAPFI LL," the entire contents of which is herein

i ncor por aTkep@yagei®tiRneahder & the PiRINS &%alls Astirk nBNSHowWaX SR LYed
systens may I nc¢clude those shown and described in U S. Pat. Nos.

6, 387, 207tGhat the chawber walls 15aincdudethe trtied flnisclyppror atwatenbrsedin by
f i FIG 4 i cal
Cr oss. soct tolenf elycBtl AR ORARlGRE H LT ISR (oo S50 L

or proceshéatipgdiyahbbreatiExchirgier'l) betafidaly seditantiesinibbtbs ddeasigion of
chanbe% lid ,assenbly 15b. The CVD system 10Q contains %ﬁg?s
di st ri but PoiFsHaNereAcEn procrtsgnd pepEeies therieuaaiqgafaslatile produsis of at e

(not Show. drbétls b3 shcPbkn: RREALSA tRE YRS Hon ko GRALE G LY, L he

process chanber 1 Gas distribution 1 may be Torne r‘om
an el ect r weed toyordande ot kegvalistad coallvatmum pdssagtsmnslenigeatabadkringl thet r ode

for formng a capacitiv | asnma. rin rocessing, the substrate
(e.g. a S%%‘%%H‘@%@f‘@ﬁ’%@?‘ﬁ}%m@dﬁggm g%rfg‘ﬁ“"on a flat (or slightly
convex) surface 12a of the pedestal 12. The pedestal 12 can be noved
cont r ol | al9P3P1Hbe Rrramingersf thegsimixgtaithagiordt deperified ¢ player insluding

(depi ¢t ed L1 i ition (indicated by
Gashed |1 rse i Tp-Erteed B A0 REREm R ORERT D95 808 ool LLIRUREL AT o o
11. A cendlembgabpkciiivally, shopases dreekbalesedsthinsghsnfmhulE eltdhaged orifice

i nformati on the sitign of . the wafers. Deposition and

0055
carrier gasBETAPEIEHF FRGLYSBI P HB A AR fsl['actﬁv zge@wnéé’- The

per f or at eghrh®:@%118 Qn@iheg)l@:ﬁﬂﬂ eNhiQBned bf?‘ttklaei %Jpr Hebh&n tﬁé‘?oﬁ) of the

distribution faceplate 13a. Mre specifica , deposition process
gases f| othambess eindeinalmide walhtwuiieluding theluppendieletoicdinkg 1% dribagh a

convemy i r cker. pl.ate 4 d-th hr ough hol es 13b
T gas o SR B hERAae o hRTE Rl At B A Th P e Tl

mani f ol d syinmetepasd tuhibnnétytofehs sloesrifpaseand e plapuh 17 a@Thdpodast to
sources 7 %hrough Ig%g smlg lines 8 into a m xing system9 where
they are ¥OIRSIHSHUSHI™ N OSBIPCeS Gasrd Ry Polhg weder seah it dapoyit appidornppl y
l'ine for machh Pleasgss gas includes (i) several safety shut-off val ves
(not shown) that can be used to automatically or manually shut-off

cont rof | A0HEREOR AT el Ey SRR Ao THe bt BTG o Tf it ¢ ne
20 portion 21 of the exhaust plenum 17, past a viewing port (not shown), through a
downward-extending gas passage 23, past a vacuum shut-off valve 24 (whose body
is integrated with the lower chamber wall 15a), and into the exhaust outlet 25 that
connects to the external vacuum pump (not shown) through a foreline (also not

shown).

25 [0061] The wafer support platter of the pedestal 12 (preferably aluminum, ceramic,
or a combination thereof) is resistively heated using an embedded single-loop
embedded heater element configured to make two full turns in the form of parallel
concentric circles. An outer portion of the heater element runs adjacent to a

perimeter of the support platter, while an inner portion runs on the path of a
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10 supply line. Wien toxic gases are used in the process, the several
saf ety shuwoabf/mgmhves are positioned on each gas supplpgThism®sngesis
conventional configurations. [0057] The deposition process perforned
in the C/D system 10 can be either a thenual process or a

pl asma- enhanced process. In a plasma-enhanced process, an RF power

supply 44ccﬂ{%9ﬁtiri%%ir@lg%@i&%%%haﬂ%ﬁh@?%ﬂ@%iﬁ%@o tﬂ@%eﬂ%ﬁ%é&x@rﬁt aBdds

faceplate 15 13a and the pedestal 12 so as t0 excite the process gas
m xt ur e t grboghnibe spnashthe pedésiai 12.he cylindrical region between the
faceplate 13a and the pedestal 12. (This region will be referred to
herei n as[gobg Typeany, £ orad ioPﬂié)chaxQBéﬁiﬂiﬁ%!%ﬁé Sl@mdniRlladsiRe/£ACt L0
deposit a desired filmon the surface of the sem conductor wafer
suppor t edvaipysedessradctarharyrais eemade ppl f naderia sachasedgminugguency RF

power sup - 2 pi.cally s | i j 3 ency
Port SPRRITlL AT ALY SUPULL SR BOUES Shu .l B fegher
enhance t fiecodgeighpd i3, Pan Nef 5 685 ievietl sV e ProdesgpUhanbdr/iigued &
vacuum chanber 15. In a thermal process, the RF power supply 44 woul d
not be utZhpoEdl 28d deteRE inropmarated gy aeigience Pt HEF{H | y reacts to
deposit the desired filns on the surface of the sem conductor wafer
suppor t ed[0063]tA BEftpeatbatiain a8 miGor IFER 449 raiessi agdilowkryp thebdadat pedestal

provi de ther er for the. reaction 0058] During a

Pl s enfraneRly Bapeariorah b BreddSh Rerept 2 nabrerd My orepe
process CHEAHPENthd Bharhite 188l AGobd@ MR het Bbwihewehigidehs@ady/ kbval
surroundi ng the_ exhaust passageway 23 and the shut-off valve 24. \Wen

t he pl asn@Psrdngdt intthe pidg obheshagber 1Ny The mpdoraa raisersdd lovsrs pedettakly, a
hot |1 quid..i I - : | , 1.

chanbe? 1 etlt“%m?r%i[p?\?ggi n éj?n&esmcﬁ: a f@?@% ‘\A%%\"e %83%%%’5 E%g?aﬁjﬁsﬁ‘r he
passages waivehe fleeneemoddersabntdugedioahdsrpphalihes 8] §as daliseryctystshown.

Fl ui ds used to heat_the chanber walls 15a i nglude the typical fluid
types, i.&wottligpbie %EEBH%WW?%%&‘ ‘h\}%ﬁ‘%%rangﬁﬁg%%%b@ﬁgﬁﬂ?m are
transfer £ dbdoliedbys H6@kd RELOCNE! REF 8hHP1iAS Jpeatd/Righ Bilythfe heat
exchanger") benefici al reduces or elimnates condensation of 5

undesi r abhowredeenirallepPorrlies an faedbackiirasy eptivaheerspisie Aeferpine dhe

vol atil e proguels: 0lii6 RI-076P S ORRES A0 OhD B SANAT ANk SRRt

m ght contam nate he process | ey were to condense on the | s
of cool vaditharpassades appebphiagaberdacier tid @ntrbbofpvoteldsidng chanber
during periods of no gas flow. 10059] The renuinder of the gas

m xture t[paba)a tiodxeABRAschiddiferd, tha¥@em koRkoRtk AR heaed 48R
byproducts, i's evacuated fromthe chanber 15 by a vacuum punp (not
shown}? Speee frhempiyydd) aHtopgpasisk diive sediverroteserntdr dhgRrasassghemittains a

aoul ar - o gokkf ot EHEYALE AhE G- LR LR R AN 20
defi ned byodrieaghpteppiriRenr tdr@rdlepbairds. earttapass o8CEPIsysdmiidal si de

wal | 15a (including.the upper dielectric lining.19 on.the
gon.form to th% Versa Mgcﬁ)ular European (VME) standagd WhiC(})'L defines board, card

cage, and connector dimensions and types. The VME standard also defines the bus

25  structure as having a 16-bit data bus and a 24-bit address bus.

[0065] System controller 34 controls all of the activities of the CVD machine. The
system controller executes system control software, which is a computer program
stored in a computer-readable medium such as a memory 38. Preferably, the
memory 38 is a hard disk drive, but the memory 38 may also be other kinds of

30 memory. The computer program includes sets of instructions that dictate the timing,
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15 wall) and the bottomof the circular chanber Iid 20. The

360. degr ea¥OedpoeA3dr symmetry and uniformty of the sl GCTEHSRUB/BIISIBE
and the plenum 17 are inportant to achieving a uniformflow of
process gases over the wafer so as to deposit a uniformfilmon the
waf er. [0060] Fromthe exhaust plenum 17, the gases flow underneath a
lateral exhens@8a48, &eribbpﬁxeé’éur@fchﬁrﬁseﬁéﬂﬁlé@h@Iﬁﬂ podrievdddst a

vi ewi ng port (not shown) rou downwar d- ext endi ng gas passage
23, past auscerienpasEina; aus @theaparemzm offrapetipdanp rpg€S$ rﬁg%gr éﬁréﬂuw th

t he | ower_chanber yde nto f exh ust 1te e 0

connect s Y'§StHE Séx‘imgroﬁ‘ﬁjﬂsﬁfé% 55 % PSRty o ex?rﬁPoUg or e%ﬂ ne

(al so not othBOMbher AppidRRid dlmem&@faﬁ;b b‘élﬂ@élpfdop&k'aﬁt& t@itraller 3he pedest al
12 (preferably alum num ceramic, or a conbination thereof) |s

t
;le:'n; nftt Vﬁl'g“?, gu gesgga T aghn&g’ggﬂﬂ%ﬂ ShB8lfe bPeBrpaReddad

turns 1n the formof par IIeI
concent r i dhagilfee l2&an Mingidraentpdntingn cm:lhp&fme pi'r@azarpredmtr&mt israxagited

dj tf f th t whil e
Por 1 on 1B SRR A FreGPra SEgAET e ert B P HED i‘fh%pYa‘%"g?fgﬁ‘fl‘Oé}al
radi us. Tézﬁmyméll f&gd%%% % DR [aRL IR Yor PASSSS, dshI0Ude bl

the pedest al ypi cally, "any or all” of the cha |n|n
gas inl et CrﬁhtfP@B@LfF&m @tt@heran@uw@ﬁq pregraot prede is é@t@ltedrmfl@a’r%ﬁi élear e

made t of such as 4 I

cera 6] gﬁfﬁ% ﬂgs’&smguccﬁme%aa anera LI'S%IQS %‘g(is%r%l%ogﬂgal

CO- ass l g n@ﬂn;bilt& udBale. mABuMSstrh&is Zlﬂe Eét@ﬁh of vxdnfanes s thg entered
Chanber," issued to Zhao et al, and here |ncorporat ed b refer?nce

inits entqdedeyis ngdegh lexel lnnguagaciha Apdsis a?fap%% énd g repylignt
rai ses_ang,4d.oVels 1hRe1 ReRLEN Tbéé%ﬂc%%ﬂe%k g’ﬁéd’ I\ﬁ&oéd‘fﬁwnR&vV@ Braly f 1

pins 12b as waters are trans red |n o and out of the 10 body of the
chanber 1&uiyesn Todetuth ttlaaiaﬂ(EdDEtomlemja]etWaghe systeingser trivokts baoval

32 nd
e 9 2ot b st Bk oD SRR i g G BR S el TR GRT

waf er - | Oaﬂieﬁ FedB2hl leRétutcENBe F31eQb peMalhy B8R tRikshidOmifie@m Heljresam.
connected to the supply lines 8, gas delivery system throttle val ve,

RF power @PF@ (}mb%erf%%eab@ém%eﬁﬁq% gebshiai& 3@?@% a@@yﬁsﬁ% fhe 15

all contr a systemcontro r over control [ines 36, of which
only someamt thEIp(ewﬁOb @hancnﬂl FE?. 434Whehu:eess1mpilf1eédtvgcdmbf thmsgmemcal

sensors to deter t he i.tion novabl e nmec hani assenbl.i es
SonChe Re R oA R Db e St B e are Wb a0 fliae
appropg i abge ShefeThHnesls, IgeGRELFHOl eRbogidftint Blb Blondérs 5DRQRA]sell forche
exenplary enbodi nent, the systemcontroller includes a hard disk 20

drive (nemoupteddn theclqansppy walkier g %l apes aadfhe eidsghphingythepradl for
Processor 4 %%@%@ée’}gd@u&a ‘rf. tgr Lﬁ{an(eé.% dlsﬁl%? lpgsapd digital
oar I n ace n

i nput / out put oar s and st epper or controller
boards. Vafdausiopaitondf ofeVighs psi B0 it @ngided. of fighbsehbre iveéliestdp Mt ar

Eur opean (VI t andard whic es . bo card ca and connect or
o Tope o e B AR A e I o o elaeey FrEo Rt sefe 5o

St ruchyr eﬁﬁéu&@\m@&p&a&@f&%ﬁesﬂm@x &da&@& & tRdahp gr@éi@é@&ﬁd Pldshes the

[ 0065] System controller 34 contro of the activities of the CVD

machi ne. hitorsysthempen&lb.r Bhd @rldeedeﬁtrm ésingseslt@nghléﬂktﬁ!@@l@bm §BeE,
whlchlsaco ut er .program,stored.in a_co I d medium,such
as a menofyi3 Q SGECeLY gflg.%ﬁasyed,tcﬁ wming Lofnt PR be{:vs’e%n%ge ﬁgh en and
the display screen. Other devices, such as a keyboard, mouse, or other pointing or
communication device, may be used instead of or in addition to light pen 50b to

30  allow the user to communicate with controller 34,
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menory 38 is a hard disk drive, but the nenory 38 may al so be ot her
ki nds of 39038195340 The conput er program incl udes set s PET/US2008/080518
instructions that dictate the timng, mxture of gases, chanber
pressure, chanber tenperature, RF power |evels, susceptor position,
and ot her paraneters of a particular process. O her conputer prograns

st ored on[eO$8)FIG MBNEHOYsGE ¢ HRBSplasifa géﬂeﬁgor bhogRdph ehe 1ad Adsepply di sk
or ot her another appropriate d}ilve al so be used to operate

cont r ol | ekob3f thesprogess amb&;srlée%%d% Fh%&aﬁdﬁbﬂbwnafachphw apd the
substrat e%a%rdd ellgﬁt?&\eﬁgmf&d I(fl qﬂbltlr% ar&g@%aﬁ%?%@ﬁgoué%}ﬁ@?%n?&e @!’n%msnt ed

using a ¢ rogram produc I'ST exec roller
34. The cgamt&tarﬁm:rra@éamae@dﬁﬁjzwb bebast sdeh @NFIM 4An)z"heradu}sﬂf 6bizal
conmput er readabl e programing | anguage;. for exan@ﬁﬁp 68000 assenbly

| anguade, tyeicat madpgtpgfal. &Wflpsﬁe‘aﬁe Blinerepledin ETHIbYHE %de is
entered | %‘s%z&‘ﬂébﬂg{ ahirb18 111 O AT RL G of d RS 70 U@ mixin

conventi o text e tor stored or enbodied in a corrputelg usabl e
medi um simsdrt %dmpmdmsyde;@/dbem afa nhivevgddogkubemixihg ptdressegaser éd code

Fesul t ant SEBHITAOE S FHEoT R en HEGoW 18 APOB bt BSTBNAE
preconpi | gdiddm d(PPEB‘ b AW TIRQUE@AL i RIAS D66 R bd@ade El'ifh ¥R RatbhA
| i nked, co ile ! ect code the systemuser invokes the 15 object

code, 1@ ausi gs 8 (Hp nusty ) shefloa® erdhe Bisel When nstidled fherawgng devine CPU
th t
e eads AL EBEL BBl AP AR DR ose et A |

34 i's Vi aiselatsRihavastal aiapbficcddndn theghixirpedeviy) aﬁh(gumdismbﬁln&l 4B,

which is a sjnplified diagram of the system nonitor ystem 10
in a subswﬁfgﬁaﬂa%%@mﬁe%wwamwceﬁ rm&%%éogﬁnbwhsﬁ dore

chanber s. as's&nElE‘QSB LehRbdLe ﬁmﬂgx‘@ dERA b WP, K‘%ﬂie@%ﬁr ¢ B @nHdR%nhe ONE
nounted in the'clean roomwall for the operators d the ot her behind

the waf| flow Otﬂ@}s’ecreas g@% wdha poicassshaher Woiihtodisedigar shnough deeous! y
di spl ay trée SaNB I, i nf or e §¢1 but only one Iight pen 50b is enabl ed.
A light se BREoT PR Re etrf‘ l'ight pen 50b detects light emtted by

CRTdisplﬁé gselect a partlcul r s ree or 25 function, %}Pe_
oper at or W80 188 renefe Slagrssgemiv Vot @LSHé AHMRRCls el AR Bk hes

the butt Oﬂap&nt@Qoﬂ%égg mdihGed OHENEEh ALEAb51BPYRS bl basil 2 Sbbdiehi ed

color, or a new nenu or screen is displayed, "confirmng comuni cation
bet ween t ¢rgolekigting ﬁ@m@thhewmosi#ﬁa}d@m—eemﬁun@gmod@f@mg% Omuch as

a keyhoard use 0|nt| atl deV|c may be
ised’ Tt SuaPBiRgs iy AiRoNBRept R sht SRR 3G ne user
to commnr&mmelogy tIhc GOM dbRkh,@V1as34 The M@ﬁ@]\l@: &ﬁerz&&‘ W8S a BW-ERIL €
pl asma generator 60 mounted on the |id assenbly 15b of the process

chanber ~ 1%97¢iAR] RidFoprgtor B Ogale 2Toedsp Beft i1 ANE exapriatia PBEmairseHreyas
di stribut} rﬂgeug}n &EaY
pl asma ¢ %?%sgggé %%ugnﬁ#—%ﬁtﬁf ass en‘ggggp%ﬁ'{l ags bes?gggg%? F&Fsﬁe%%s 4A.
The adaptagobdo ganerate free fluorine which is used to clean film deposits in the process

25  chamber 15,

[0070] Having described several embodiments, it will be recognized by those of
skill in the art that various modifications, alternative constructions, and equivalents
may be used without departing from the spirit of the invention. Additionally, a

number of well known processes and elements have not been described in order to
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5 typically nade of metal. A mxing device 70 is coupled to the
upstream sWaa0Bfi513le gas distribution mani fold 11 ( Fl GPCAAR2009/ARI518

m xi ng device 70 includes a mxing insert 72 disposed inside a slot
74 of a mxing block for m xing process gases. A ceranm c isolator 66
is placed between the nounting adaptor 64 and the m xing device 70
(FI GS. 6Auvoid hen&essafflyCobistah! 1B pelei@iy dtiofRAdRcalingl Sicddbove mat er i al
10 such as Al 203 (99% purity), Teflon(r), or the |ike, Wen

i nst al | eddescription showll Behiedakepas Amitieg thefrerd o Shal@pnEe: may f or m par t
of the Iid assenbly 15b. The isolator 66 isolates the netal adaptor
64 from t{ﬂé?fr]i )divhgredﬁahgeeom":\hmemb wasiddd sit isiundletstrodrthal daoch thtdvetiog

mnimze t pot ent i for a secondar |asma to formjin.the |i
assenbly ¥ Hede t%*&%%&éé‘%ﬂfﬂt Fiheloger Hpf ﬂb@?%o&ﬁe 9@@%@1@&%51%?% 77
controks Bt‘ﬂ@rv%@e,fbleﬁ«y&eﬁfthé e%ﬁ& ?&%xgﬁ%ﬁ‘ssofttﬁattr%ge% QeE er 15

either directly or throug he renote plasma generat or 069] The
renot e pl disttasegle ferlasonlled ®an§=. hdbgéanainly pladed vaipaot mtes'e&rﬁng:miu@imd

i h b d h 15b and b
casi Iy 1 el PG RIS o SR HENRIe B ST .

time- conseoftghasRdi Theappansd 16Rer 128QiSol thadel senallei fan ésrhbﬁ ASTRONO
generator avail able from Applied Science and Technol ogy, I nc. of

Wobur n, Maslsperdeatinby molgdeyt Ggeﬁéwéﬂcbm the TangeendparihiRnEr Bibgre %ﬁf@r;dm
plasmg t 0, 453 Fbath finfhii O G g?z?the sﬁ}aﬁgﬁmﬁ AL A, ohdlen r}S‘Js

di ssoCi ates a process gas i1nclu uori e contai ni ng gas suc

NF3 and atmaﬁvdxﬁbnmb]esmhn%paﬁfgmny talgdndialt én fheaatdd woge.n@hatd ch
is used tq clean film osits int rocess 25 chanber 15. J0070]
Havi ng dedesia r@g%wgad%é%w bash Ehelimigy TAnegRer 718 b Otgr?gse
of skill jRsdhendiel hhﬁ@tﬂre\/ﬁléé%ﬁld@'gdl fications, alternative
constructions, and equivalents nay be used wt hout departing fromthe

o ocesses Wi ot iar 2R 058t Binntsd SEREE stk Bl Byl
unnecessatthd’ Mndbd@ghzlraiigeﬁehmmr&see nhe tonvednticarty diketaradhearglise, Thiae fabove

description should not be taken as I|mt|n th

i nvent i on®APEUY FHfeURRET B '3 rethere tgfluges A LTy ﬁf%\?ﬁ&@&h 4stanE§efﬁ'mﬂce
under st oog, ihatre&AGH" ithRle¥ LR B! I or ek BRechi@Blthr@feqhfildng t Of
the lower imt unless the context clearly dictates 5 otherw se,

bet ween t Herap prown teithopswkilldd imthgamsfandisationthnge is al so specifically
di scl osed. Each smal |l er range between any stated val ue or intervening
val ue i n [O0g3]at Ao thagerdsidompyisot 'hempsﬂslagedmo]udbm'mthadmygamial ue in

that stated range is enconpassed, The u r | owe imts of these
smal | & r dAgade ! ema%ﬂp@tr}g’éﬁpw i35 AR @ﬁ%@ﬁjo‘&%ﬂ aa#eﬁﬂFﬁeeé

range, angd, 830k, f8Ng&eMhe Srfld furesPtddeld RGH chen@owstgwbmsth@y 8o
included in“the smaller ranges is also encorrpassed W th

i nvent i onnotgurbjleds thepremypcespedditianaifiope exwlovelettiet feafures; mt¢g¢es, stated
range. Were the stated range i ncl udes one or both of the limts,
ranges exf:cfrﬂ]a?lﬁaa P ERB AT BETH%f those included limits are al so

i ncluded. [0072] As used herein and in the appended cl ains, the
singular forns "a", "an", and

25
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15 "the" include plural referents unless the context clearly dictates
ot herwi se. Thus, for exanple, reference to "a nmethod" includes a
plurality of such nethods and reference to "the precursor” includes
reference to one or nore precursors and equi val ents thereof known to
those skilled in the art, and SO forth [ 0073] Also, t he words
"conprise," "conprising," "include,"” "including," and 20 "incl udes"
when used |nvﬂhn$;§pgguilcatlon and in the followng clains are

i ntended to pRegidbod Rl b%g@%ﬁ%hﬁéﬁ!z@@nfgﬁﬁfc%ﬁﬁ*m‘ nt egers,

20d1 tion of ‘*953‘?‘*“@% ol § D ocers, components. st eps.
acts, or gr rﬁ%{/\ﬁg}& r'fig’{(?laa aﬁﬁm‘f{% thod of depositing a
f1 owabl e sil§ B‘H‘l ZRAgrCQIAIRING INECYIRPRI0 & Hod conpri sing:

provi di ng the @%EP?@P@%G“&WEWPOW%%MFWCW%OC| ating an
ozone- cont ai ni NBeRsRAMBAMIREfTEMBoNtShyHees IRidueing at om ¢
oxygen, wher el Iyyglseic8biAGinG6roRaRBE 15N LRI pRIERUT SO compr i ses
i ntroduci ng th%éﬁ% & &aﬁ?q(e?'ﬁaﬂgsﬂ{lﬁﬁg”é% nﬁ:{‘ﬁolh@r&ﬁ te plasm

generati ng chanfer an e reno e pl asma
generating cha e.mxture co i ng atom c oxygen
from the renmpt@§PHnEL e‘w CRPIRRSREAlOmIf BXY ﬁ%‘ﬁ‘om tion
chamber ; i nt r odGgireRJol: Blrpma asnenstiopsbagdrr evathe dergiprecursor to
t he dep03| ti on edmelrenber he sili con- and- hal ogen-cont ai ni ng precursor
having a C Si imodnwingtd siliofn-ahdibialdenrcdrgsining frecursor to
si |'i con- and- hal hgefepoeitioal &iighd Std kHROnad-hdlggsa-sda € conpri sing
atom ¢ oxygen %L@Iﬁ%g&%}s@hﬁ z{‘CtSii%t&ﬁF}Qﬁbbe&% fagoer; T eacting
e silicon-an [ e, m xture
O %ﬁlc%@%l?kl?élgg bt Lp?é‘cquI Ay

conpri sing ato I con, oxide |ayer on
t he substrate; g}%ﬁP S?FW ﬁ‘?%%%“%%&%ﬁ cgie | ayer;

wherein a nolaﬂﬂﬁ ytion ghamber on- and- hal ogen- cont aj ni ng pr ecur sor
to the nixturkeactngpihesiigpnpegrnglogepgentaigingarasenorasut 1: 10 and
about 100:1. tReniihtrcechpdsolg abwinedygentie tfaimtitcidvozone- cont ai ni ng
precursor conpratdesilomosidy yef oo donsbtandtcosygen, wherein the
mxture of ozgmea@ng t@gﬂg@-@bm(j§@ﬁdgqéy@en about 6% and about 20%
ozone by wei 9fkerein a molar ratio of the silicon-and-halogen-contain-
ing precursor to the mixture comprising atomic oxygen
is between about 1:10 and about 100:1.
2. The method of claim 1, wherein the ozone-containing
precursor comprises a mixture-of ozone and oxygen, wherein
the mixture of ozone and oxygen comprises between about
6% and about 20% ozone by weight.
3. The method of claim 2, wherein the ozone is generated
from the oxygen.
4. Themethod of claim 3, wherein a flow rate of the oxygen
is between about 3 standard liters per minute (slm) and about
20 slm.
5. The method of claim 1, wherein reacting the silicon
precursor and the atomic oxXygen precursor has a process
pressure between about 100 Torr and about 760 Torr.
6. The method of claim 1, wherein reacting the silicon
precursor and the atomic oxygen precursor has a process
temperature between about —=10° . and about 200° C.
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3. The method of claim2, wherein the ozone is generated fromthe
oxygen. 4. The nmethod of claim3, wherein a flow rate of the oxygen
is between about 3 standard liters per mnute (slat) and about 20

sl m 5. The method of claiml, wherein reacting the silicon
precursor and the atom c oxygen precursor has a process pressure

bet ween ab ut 100 Ton- nd about 760 Torr. 6. The nethod of claim
1, wherei n /v eBgH m:‘:é‘f){?f?fﬁ’rﬂé@%?@ﬁ?ﬂﬂmuﬁﬁ’éhﬁ om ¢ oxygen
precursoraliﬁégla:am @E@b@ftl’empaﬁ ure between about -10 C. and about
200 C. 87 Theheetmethufttlaiin d| ailrardin thbailgion preeursed i con precur sor

has an 0:igdluded atdesh oabolitilSxae, fizOxane aifll halbgermddod of claim 1,
wher ei n tshlg,xgglércon precursor |ncI udes at | east one of sil oxane,

si | azoxanega IR&FBPE ﬁthe o?mngfke dod of claims8,
wher ei n E}Jg $h %ﬁ&%ﬁ ﬁ ?r ou onsr sting of
triethox oXa a’ég 9 Vsi | oxane,

hexamet h% >oxt£W€ RS ?’F'E?EF 89 stloxarc,

oct aret h BR¥IsY Rﬁﬁé"aaﬁ&w@& %@Qﬁ@@@ﬁdéﬂ%sﬁﬂ%xane 10. The
met hod ofoctanagthrBydadespslaxanpe sil azoxane is selected fromthe group
consi sti ng 16f Thexmetiddory cilsin 8z oxlparein thet fijdzoxane is

hexamet h@e}sd:taiﬁ'@m}r@g@up@hh%ﬂhg&ﬁmrahmm%&hézﬁz&@%ﬁne

hexaet howrél rleraﬁm%s@aﬁnm%ﬁmﬂrmL%ﬁémeﬁ and

nonamet hqy erzoﬁsﬁcawaaﬁax dls vehéim 8, wherein the

halogenagﬁ r up consi sting of

di chloro e g( ‘tl%x |on
hexachl or o % GEPatH? ﬁrﬂirgeeﬂf&aéﬁm- 12. The net hod
of clai ma@ez ?‘@P@r Buthe; W’é@ﬁﬂlﬁﬁﬁgmﬁ@c@c@@?ﬁﬂd@%@é- an ani nosi | ane,
an al kyl }didsxmzmet;hlamtarbﬂwsdmsaﬂearﬁgmahloadrdmiqmmkyI di si | ane, an
al koxy- acetimcyadhicrotrivilxane. a cycl osi | ane. 13. The nethod of claim
12, wher ei 12t fhe aRdtBOSG bF aRemi B wiedret ©d siliem r@@uxﬁépup consi sting of
trisilyl lsc,ar%)am;hsgsm@%t Qarla 'dhﬁi%ﬁ@fali su si | atrane,

i)

t et r aki s | ane,

bi s- tert u n s1 dis #‘g El%gatarnr nosr héil(RDl\/AS)

tris(di @g{(ﬁlﬁﬂ hl, or.osi.l an et IS|Iatrane 14. The

met hod of ingﬁﬂépér%l%ﬁgaw%lrﬂg 1188%11% | i con oxi de

| ayer corfgicindsirgm theagrouprronsistiag etmla}war (TﬁAt)her mal anneal, an

i nduct i véieyanethyldiglptaas EIMDEOPs latrmealetrakis(dinethyi ol et | i ght
anneal , deméxd)sidameanbsidiethgiaaniodsilempor bisatalbpsylamdnneal , a base
vapor Catrkiisie bndrablh Iagh iAo SiG0 ROl AR 8 (dimethyk5- The nethod of
claim1l, IMﬁ{@LHD}&@]H% g%ﬁmﬂh@é&gen cot ai ni ng precursor includes
tetrachl or 9§l 4Rl Gethod of claim 1, wherein annealing the depos-

ited silicon oxide layer comprises at least one of a steam

anneal, a thermal anneal, an inductively coupled plasma
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16. A method of depositing a flowable silicon oxide |ayer on a
substrate, the nethod conprising: providing a substrate to a

deposi tion chanber; dissociating a m xture of ozone and oxygen to
forma m xture conprising atom c oxygen, wherein dissociating the

m xture of ozone and oxygen conprises introducing the mxture into a
renote plasma generating chanber and sinking a plasma in the renote
pl asma ge(EIRtinngaichaninavioladghesnail shdshdaneadeaiant i on chanber ;
”anSfe”'aBiﬁ\Ia Sréﬂmwi%%nﬁ baiicﬂ&g@?@m sRENEEA ahfom t he renvt e

pl asma geg ggle o the deposifion chan‘oer i ntroducing a
silicon- an a o Sn=C inin ecur or .;.o the osi tion chanber,
the siliconl B’P%rrbﬁil?f&lg %%rel%f’-&ﬁ L‘é‘?‘? -§ugs 2 Sout 8 or |ess,
the sili c&ﬁﬂaﬁwagmﬁﬂ‘a]ﬂ phiptebloesneand the mixture

conpri si ng &6.okineetboy gf dejeiting & flostabhd mhcbn oxilhdaxbeposi ti on chanber;
reacti ng Hhe @bgﬂr@g@nﬁlarjﬂemgﬂ@gmgfg ai ni ng precursor and the m xture
conpri si ng [sh A %ﬁ“étmﬁ Pﬁﬁﬁégcﬂgﬁﬁﬁyre bet ween about 100 Ton
and about 7 or% ormt f owa de si I i’consoxi de | ayer on the
substrate; g a"%‘?rHB%r*.IH et C6RRD 12 TGN Ol A ayer . 17. The
met hod of cl aPitEEs, CWWﬁdfm@Crﬁﬁ&gﬁﬁewéﬁfeé‘igﬁéo‘éﬁﬁ oxygen conpri ses
bet ween aboutmg%}anm:cabomfDZO%@Edmecyg?nmmmses intrakt8. The net hod of
claim 17, whedeiimy shd howturatiatcoh teeotoXxyigana igenbetingen about 3
standard |it efianftRe AHdtHiRingSh Plaskingl R0 reBBteShlabina  19. The net hod
of claim 16, ﬁhﬁhﬁin@ W %‘b@f 1684tk8 Ghtsidee the sﬂxo

silicon-and- ‘glﬁ%g cont al ni ng precursor to m xture conpri sing
atom c oxygen ’tt‘ﬁﬁenﬁom 1: a.bout 103. 1. 20. The net hod
of claim16"@ i Ot%% n‘%}‘%fi H¥R- cont ai ni ng
precursor and Fﬁﬁnm%lﬁ‘iléaééﬁiiﬁf@gﬁ B184fPRshas a process
tenperature bléemelgmkiiput - 40 C. and about 200C 21. The net hod of
claim 16, wherndiningheikedi-andrhalhgehalongeningqutairsimg precur sor
includes at |@asle os‘iﬁa@fchani&af apgesniiced wehaioxenengad a hal ogenat ed
siloxane.  28.giBhfn @ﬁﬁcﬁ‘@ﬂa&fut@cﬁﬂ@%sl%c #hesehRd AR -

si |l i con-and- % mﬁ Qarnﬁc W&rhﬁﬁ%n@ chl ori nat ed
il .
:: I oéggem_ d- gﬁg %‘r éjg)ﬁ%iro S E]a hal ogenat ed

si | oxane sel e Yed from t he r oup consr st.ing of tetrachl orosil oxane,
di chl or odi ef46HYS rhwlméverrr? BF@BP?@PHWV&‘EH’W@F and
hexaci dor odi sthegxahge cangrisioratdrisrayees il apraaess pres-
sure between about 100 Torr and about 760 Torr to form
the flowable silicon oxide layer on the substrate; and
annealing the flowable silicon oxide layer.
17. The method of claim 16, wherein the mixture of ozone
and oxygen comprises between about 6% and about 20%
ozone by weight.
18. The method of claim 17, wherein a flow rate of the
oxygen is between about 3 standard liters per minute (slm)
and about 20 slm.
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24. The nethod of claim 16, wherein the
si | i con- and- hal ogen-cont ai ni ng precursor conprises an am nosil ane, an
al kyl disilane, an al koxy disilane, an al koxy-al kyl disilane, an
al koxy-acetoxy disilane, or a cyclosi |ane. 25 The nmethod of claim
24, wherein the am nosilane is selected fromthe group consisting of
trisilylamne (TSA), hexanethyl disilazane (11 MDS), silatrane,
t et raki s(di net hyl am no) si |l ane, bi s(di ethylam | ao)sil ane,
bi s-tert - buByllasinnabod afielaimi B, dvipetinyd amlaoatibafehd 13DVAS) ,
tris(di mefisdrasmda)iobbaicostdiang prduwRirhW sthkahfighge  26. The net hod
of clai Mgy ﬂﬂ?ﬁ%@io%z@@i bh AIbdt ﬁ'a%’?@f’ﬁ%aﬁx '45%99 oxi de | ayer

| ea a erma

COI’TpI’I sesll t one o a st eam anne anneal , an

I nducti ve | e anneal I traV| ol et |ight anneal,
an e-beam E g]ﬁ&iﬂf? %gp DS ead 08" pase vgpor
catal ysi %crh‘ﬁ?PtW%P I SRHARE nuxmre COIBPHS‘

ing atomuc oxXygen has a process temperature between about

~10° C. and about 200° C.

21. The method of claim 16, wherein the silicon-and-halo-
gen-containing precursor includes at least one of a haloge-
nated silazoxane and a halogenated siloxane.

22. The method of claim 16, wherein the silicon-and-halo-
gen-containing precursor comprises a chlorinated siloxane.

23. The method of claim 16, wherein the silicon-and-halo-
gen-containing precursor comprises a halogenated siloxane
selected from the group consisting of tetrachlorosiloxane,
dichlorodiethoxysiloxane, chlorotriethoxysiloxane,
lexachlorodisiloxane, and octachlorotrisiloxane.

24. The method of claim 16, wherein the silicon-and-halo-
gen-containing precursor comprises an aminosilane, an alkyl
disilane, an alkoxy disilane, an alkoxy-alkyl disilane, an
alkoxy-acetoxy disilane, or a cyclosilane.

25. The method of claim 24, wherein the amingsilane is
selected from the group consisting of trisilylamine (TSA),
hexamethyldisilazane (IIMDS), silatrane, tetrakis(dimethy-~
lamino)silane, bis{diethylamino)silane, bis-tert-butylami-
nosilane; bis-dimethylaminosilane (BDMAS), tris(dimethy-
lamino)chlorosilane and methylsilatrane.

26. The method of claim 16, wherein annealing the flow-
able silicon oxide layer comprises at least one of a steam
anneal, a thermal anneal, an inductively coupled plasma
(ICP) anneal, an uliraviolet light anneal, an e-beam anneal, an
acid vapor catalysis anneal, a base vapor catalysis anneal and
a microwave anneal.
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