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20 BACKGROUND OF THE INVENTION

[0002] The fabrication sequence of integrated circuits often includes several patterning
processes. The patterning processes may define a layer of conductors, such as a patterned
metal or polysilicon layer, or may define isolation structures, such as trenches. In many cases
the trenches are filled with an insulating, or dielectric, material. This insulating material can

25  serve several functions. For example, in some applications the material serves to both
electrically isolate one region of the IC from another, and electrically passivate the surface of
the trench. The material also typically provides a base for the next layer of the

semiconductor to be built upon.



5 material of sufficient thickness and polishing the wafer to obtain a flat
surface, depositing a conformal |ayer of material of sufficient thickness
and etching the layer back to forma planarized surface, and form ng a

| ayer of relatively lownelting point material, such as doped silicon

oxi de, and then heating the wafer sufficiently to cause the doped silicon
oxide to nelt and flowas a liquid, resulting in a flat surface upon
cooling. Each process has 10 attributes that make that process desirable for
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silicon oxide layer typically covers the field, as well as walls and bottom of the trench. If the

trench is wide and shallow, it is relatively easy to completely fill the trench. As the trench
gets narrower and the aspect ratio (the ratio of the trench height to the trench width)

increases, it becomes more likely that the opening of the trench will "pinch off".

25 [0006]) Pinching off a trench may trap a void within the trench. Fig. 1 shows such a void 4
formed in the dielectric material 2 that fills trench 1. These voids commonly occur in gapfill
depositions where dielectric materials are rapidly deposited in high aspect ratio trenches.
Void 4 creates inhomogeneities in the dielectric strength of the gapfill that can adversely

affect the operation of a semiconductor device.

30  [0007] One approach to forming fewer voids is to slow down the dielectric deposition rate.
Slower deposition rates facilitate a more conformal deposition of the dielectric material on

the trench surfaces, which reduces excess buildup of dielectric materials on the top corners of



deposition rates not only increase the tinme for filling trench 1, but also
the bulk dielectric 5 layer 3 on top of trench 1. [0008] Another chall enge
encountered in gap-fill processes is the formation of weak seans at the
interface of the dielectric material with a trench surface, as well as

bet ween surfaces of the dielectric materials itself. Wak seans can form
when the deposited dielectric materials adhere weakly, or not at all, to
the inside surfaces of a trench. Subsequent process steps (e.g., 10
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20 inhomogeneities in the dielectric strength of the gapfill that can adversely affect the operation

of a semiconductor device.

[0010] In some circumstances, voids and weak seams in dielectric trench fills may be filled
in or "healed" using a reflow process. For example, some doped silicon oxide dielectric
materials experience viscous flow at elevated temperatures, permitting the reduction of voids
25  and weak seams with high-temperature reflow processes. However, as the trench becomes
narrower, it becomes more likely that the void will not be filled during these reflow process.
In addition, reflow processes are not practical in many applications where high melting point
dielectrics, such as undoped silicon oxide, are used for the gapfill. Thus, there remains a
need for new systems and methods to reduce or eliminate voids and weak seams in dielectric
30 gapfills.



5 vapor generation catalyst, and providing the water vapor to the process
chanber. The nmethod may also include flowing a silicon-containing precursor
into the process chanber housing the substrate, flow ng an oxidizing gas
into the chanber, and causing a reaction between the silicon-containing
precursor, the oxidizing gas and the water vapor to formthe dielectric
material in the trench. The nmethod may still further include increasing over
time a ratio of 10 the silicon-containing precursor to the oxidizing gas
flowed into the chanber BRIBFSEMMARAtOF CHE WB[E¢TIONN Of the dielectric
material. [0012] Enbodi nents of the invention also include a chem cal vapor
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t he mater Vaﬂ%&ofhgcﬁélaﬁ?PP%hﬁF“tS of the invention further include
substrate rocessi ng appara uses. The 25 apparatuses may i nclude a
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is formed without the water vapor.

[0013] Embodiments of the invention further include substrate processing apparatuses. The

25  apparatuses may include a substrate support configured to support a substrate within a
processing chamber, and a gas delivery system configured to receive a silicon-containing
precursor, an oxidizing processing gas, and water vapor and deliver them to the processing
chamber. The apparatuses may further include a water vapor generator that provides the
water vapor to the gas delivery system. The generator may include a catalyst that produces

30  the water vapor by from a mixture of hydrogen gas and oxygen gas. The apparatuses may
still further include a controller configured to control the gas delivery system and the

substrate support. The controller may introduce the silicon-containing precursor, the water



[ 00141 Additional enbodiments and features are set forth in part in the
description that 5 follows, and in part will becone apparent to those
skilled in the art upon exani nation of the specification or may be | earned
by the practice of the invention. The features and advantages of the
invention may be realized and attained by neans of the instrunmentalities,
conbi nations, and net hods described in the specification. BRI EF DESCRI PTI ON
OF THE DRAW NGS 10 [00151 Fig. | shows a trench filled with a dielectric

gat Ieri al vﬁﬁlﬁtanaﬂ@olﬂﬂ%ngaprﬁégslﬁh% @&Qﬂﬁlhd:;%(r@ces%cﬁm tafokth ardidledttid lﬁ?d Wi 'I[1h a
ielectric material that includes we seam 0171 FEig. .shows the
convent i GR&E YR f"i“r*iﬁlfa the,pesiiipn B%hff?"g’?tr‘?ﬂs‘ﬂ’? B &g%ltwc? ?1[% ﬁlie%ﬁf ggﬁ'ﬁ?’h ani cal

pol i shi n@ystdrk) Qg thé Gepositibn Bf e dicldcoivdiyart s il ustrating steps that nay be
included in processes of 15 formng a dielectric |layer on a substrate

accor di ngo¢1a) aaieehdrembsdifknts Aed featnestareset forthGOAGH inthgdescdpion thate si npl i fi ed
graphs plotting the relative concentration.of .a silicon-_caontaini
corrpo%entf%ﬁoa‘(fe%‘dtlf1 part &'élih?caf’ﬁgap’ﬁ’%a{elﬁ%gl PETed e g apon exat lfl%tln i Q’[fg%zm Fi gs.
5A- B ar e specifirtatiaf oronagplar lagmekbyethe ptactee ofitleriogpntiph s Thef fegmpesfapd hdwdntagesnches;

[ 00211 Fi gs...6A- aer GRITRALALE HE Lit@f;9 crographs of
gap-fill é’gﬁ‘fd%%}lg%[gﬁg}égg%%@%ffﬁglhéaﬂe? I's % gzr) atpﬁmglf-ﬁgi etl e}:t’ri c film

proper t i @smbimatiens, andandthasly deseribebin theagpeeifigationr  during t he deposition of the
dielectric film [0023] Figs. 8A-D show the nunber of particle adders
deposited on wafer surfaces follow %%éoxi de depositions at various water

dilution levels; 25 [00BREEDFSCRIRTION QEIHERRAINGS of particle adders

deposited on the surface of a substrate wafer using different water vapor
generiat i qoo1se FipodshowsOOZdmkh Filed wilh a divbassicamaerinb kiiaf inebhdes 0esd;sect i onal vi ew
of an oxide-filled trench in accordance w th an enbodi nent of the present

i nvent i oroots] F{0248]shdwga trdnkhifidled with aplidl éatrédmateia shas @chidesna okalasepmr t i on of an
integrated circuit according to the present invention; [0027] Fig. 12Ais a
si npl i fi g00157¢ P BB iskova tha caywshittial exidedfidtentingf Big difehfea tarchemicaly er

accordi ng to en‘?odll pent s of the invention; 5 [0028] Fig. 12Bis a sinplified
r epr esent T GNP D apparatus according to the present invention;

[0018] Figs. 3A—B are flowcharts illustrating steps that may be included in processes of

15 forming a dielectric layer on a substrate according to embodiments of the invention;

[0019] Figs. 4A-B are simplified graphs plotting the relative concentration of a silicon-

containing components over time according to embodiments of the invention;
[0020] Figs. SA-B are a set of comparative electron micrographs of gap-filled trenches;

[0021] Figs. 6A-B are another set of comparative electron micrographs of gap-filled

20  trenches;

[0022] Fig. 7 is a graph of dielectric film properties versus the flow rate of water vapor
during the deposition of the dielectric film;

[0023] Figs. 8A-D show the number of particle adders deposited on wafer surfaces

following oxide depositions at various water dilution levels;

25 [0024] Figs. 9A-B show the number of particle adders deposited on the surface of a

substrate wafer using different water vapor generation methods;

[0025] Fig. 10 shows a simplified cross-sectional view of an oxide-filled trench in accordance

with an embodiment of the present invention;



[0029] Fig. 12Cis a sinplified representation of the user interface for a
CVD systemin relation to a deposition chanber in a nmulti-chanber system
[0030] Fig. 12D is a sinplified diagramof a gas panel and supply lines in
relation to a 10 deposition chanber; and [0031] Fig. 12E shows a schematic
vi ew of another gas flow systemin accordance with enbodinents of the
present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0032] As not ed
above, the devel opment of voids and weak seans in trench isolations has 15
beconme anedRfERASI R sihfHAMrosP &ctibs b PFdriloPSt dnlifBGhteWicHtNBaB6ldiny B! | er
(e.g., about 90 nm or ess) and trench aspect ratiros get higher (e.g.,
about 6: fhegRresspigREnfionThe present invention includes systems and nethods of
formng dielectric materials in these trenches using a water, vapor to help
reduce vdAP¥! afie dRAs & ggplificd schpmaticgfp; sb’i”temf‘i’féjeﬁ%&"é‘%g Y4pisFirieifishces t he

f1 owabi | iabyordifg tok@msodinter® ofithe€inSédtiogon oxi de material, helping to heal weak
seans and fill in 20 voids forned during the depositi on. [0033] Water vapor
may alsso [pexs] 8aS €38 Ishesisindddinypredentalien 6f 4 CUDMpPachle addtdd @lthd presdadl i n the
trench. The higher density of the material may provide advantages over |ess
dense nat®YPHPT i ncluding giving the material a sl ower wet etch rate. Less
dense materials deposited. in the trenc s b , conventlonal

noi sture | ?Q&F@héﬁ?lﬁlswa ra%rﬁi?é‘fa‘flf"bﬂ ?/b‘?%éﬂ“fr?fw? ", WEYCR{th rates of
about 5: kelation®aclepdsitonivhaiibsveh a elulth-chaaitessydfent;he material can result in

t he overetching during subsequent planarization and/ or oxi de etching
processeqoosﬁmifg 12D & £4iMPlifig dTBtarh @ bl phs pafeltahe sipplyRids M reddtioh@nk s or gaps at
the t of the ch isolations. [0034] It has been discovered that the
phymg) d(egosbnonb & a%¥har acteri stics of the water vapor can have a
signific a nthe ual ity of th ielectric mater med. \Wen 6
e vt or 003h BB B eutsd e bopn MiporsaePetaRsBR afe ASoibaemSiln a

| i qui d phatedincatspddepresentiavandn.aer osol spray-a | arge nunber of particle
adders are observed on the substrate surface in post-deposition

i nspections. In contrast, when the water vapor provided to the chanber is
substantially all in tPETHHEDRESERIRFION @RIHE INYENEOdS0l particles, the 5
nunber of particle adders is significantly reduced, sonetines by a factor of
t ﬁn or nNqoes2) A[sQQt%EhbcE}Ebﬁhé Idewmpsn&f oftmsrah@s@at sdaft¥ @réRR iddBMBnaRRr €Ci at ed
this |s over

vaport o 5"%?%?%%?6 8 12{,1'h ptic ad Oagstrreﬁ glw hrr%‘g"ﬁle’b? cq npa([!f Ic?%zi’é'? ‘Ef\évglt °!
phase dr dgdspimsl tredctdaspsct patiodget Higherr Ge. 4. I‘Eﬂ)ogtéfsl phisigker). The present invention

includes systems and methods of forming dielectric materials in these trenches using a water

vapor to help reduce voids and weak seams in the gapfill. The water vapor enhances the

flowability and density of the silicon oxide material, helping to heal weak seams and fill in

20  voids formed during the deposition.

[0033] Water vapor may also increases the density of the silicon oxide material formed in the
trench. The higher density of the material may provide advantages over less dense material,
including giving the material a slower wet etch rate. Less dense materials deposited in the
trenches by, for example, conventional, moisture free chemical vapor deposition typically

25  have wet etch rates of about 5:1 or more. The high wet etch rates of the material can result in
the overetching during subsequent planarization and/or oxide etching processes. This

overetching may result in the formation of bowls or gaps at the tops of the trench isolations.

[0034] It has been discovered that the physical (e.g., phase) characteristics of the water

vapor can have a significant impact on the quality of the dielectric material formed. When



These enbodi nents include generating water vapor catalytically by contacting
oxygen and 10 hydrogen precursor gases with a water generation catalyst. The
precursors react catalytically in the presence of the catalyst to formthe
wat er vapor. Because the catalytic reaction fornms water vapor at the

nol ecul ar level, the water vapor is fornmed in a substantially pure gas phase
as opposed to a liquid or aerosol phase. The catalytically generated water
vapor nmay be provided to a dielectric deposition process chanber in this
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into the process chamber. Nebulizers can generate even more liquid aerosol water droplets

because they function by aerosolizing liquid water into an aerosol mist that is transported by

a carrier gas into the process chamber. For both these water vapor generation methods, the

amount of liquid aerosol water vapor generated can be significantly higher than for catalytic

25  water vapor generation.

[0037] Another method for generating water vapor involves the combustion of a mixture of
hydrogen and oxygen gas inside the process chamber, sometimes called in-situ generated
steam (ISSG). The water vapor produced is gas phase, but its also high temperature and
needs to be rapidly cooled. The cooling process can promote condensation of the gas phase
30  water molecules into liquid aerosol droplets in the process chamber. Moreover, because the
combustion reaction is highly exothermic, the amounts of hydrogen and oxygen gas that can

be reacted inside the process chamber has to be kept low to keep the chamber temperature



dielectric layer in a trench, while a higher deposition rate is used to form
a bulk dielectric I|ayer above the trench. In other exanples, nmultiple rates
(e.g., 3 or nore rates) are used at 10 various stages of the fornmation of
the dielectric layer. Perform ng the deposition at a plurality of

di el ectric deposition rates reduces the nunber of voids and weak seans in
the trenches without significantly reducing the efficiency of the
deposition process. Conmbining the advantages of HARP with catal ytically

gener at eGronpinblead @B mRBh.NThS chl6e &bEdisliygdblerhaicTBE m@aﬂersx% ah®wwdef ect ,
| ow-particle adder, high-density, dielectric materials in trenches and 15
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separately 1'n proce
20 matenals durmg the formation of the d1electnc layer The process includes providing a

substrate in a process chamber at a first distance from a gas distribution manifold (e.g.,
showerhead) in step 302. The gas distribution manifold may include separate inlets for the
precursor materials, or a single inlet through which mixtures of the precursors enter the

process chamber.

25  [0040] After the substrate is placed in the process chamber, the precursor materials may be
supplied to the chamber. This may include supplying an oxidizing gas precursor 306 (e.g.,
02, 03, NO, NO;, mixtures thereof, etc.), a silicon-containing precursor 308 (e.g., silane,
dimethylsilane, trimethylsilane, tetramethylsilane, diethylsilane, tetramethylorthosilicate
(TMOS), tetracthylorthosilicate (TEOS), octamethyltetrasiloxane (OMTS),

30 octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane (TOMCATS),
mixtures thereof, efc.), and catalytically generated water vapor 310 to the chamber. The

water vapor and other precursors may pass through the manifold and into the chamber. The



them may be prem xed in the manifold before being supplied to the process
chanber. For exanple, the water vapor and oxidi zi ng gas precursor nay be
prem xed and supplied to the chanber together. As another exanple, water
vapor and an additional hydroxyl-containing 10 precursor may be supplied to
the chanber as a m xture. As still another exanple, a reducing gas and the
silicon-containing precursor may be supplied together as a mxture. In yet
nore exanples, all the precursors nay be prem xed before being supplied as
one m Xt weedsindyiliso i8E1aM8XBE mttloﬂucﬁﬁ')dio'f bfYor ri1€ additiéHAl RyddbxylkentRin@gur sor s may
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| ow pressure
20  may be substantially higher if the water vapor and other precursors are mixed with one or

more carrier gases before being supplied to the chamber. For example, a mixture of the
silicon-containing precursor and a carrier gas may flow at rate of about 1000 sccm to about
10,000 sccm (e.g., about 6000 sccm to about 8000 sccm). The oxidizing precursor and a
carrier gas may flow at about 1000 sccm to about 20,000 scem (e.g., about 10,000 scem to

25  about 20,000 sccm). The water vapor and a carrier gas may flow at about 1000 to about
20,000 sccm (e.g., about 5000 sccm to about 15,000 sccm). If a reducing gas is also
provided, it may flow with a carrier gas about 1000 sccm to about 10,000 sccm (e.g., about
5000 sccm).

[0043] Depending on the type of CVD process used, the water vapor and/or one or more of
30 the other precursors may first help form a plasma whose products are used to form the
dielectric layer on the substrate. Embodiments of the invention may be used with plasma

CVD techniques such as plasma enhanced CVD (PECVD), and high density plasma CVD



others. [0044] The initial flow rates of the precursors establish first flow
rate ratios for the silicon- containing precursor:oxidizing gas precursor,
and the silicon-containing precursor:water vapor. Wen the initial
deposition of dielectric materials includes trench fills, the ratio of 10
silicon-containing precursor:oxidizing gas precursor nmay be relatively | ow
to provide a slower deposition of dielectric materials in the trenches. As
t he deposition progresses, the ratio of silicon-containing
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vapor may remain substantially constant as the ratio of silicon-containing precursor:oxidizing

gas varies, such as embodiments where the silicon-containing and water vapor flow together

into the process chamber.

[0046] Fig. 4A is a simplified graph plotting the concentration of a silicon-containing gas
25  component relative to a process maximum, versus time, in an embodiment of a deposition
process in accordance with the present invention featuring a stepped deposition rate profile.
Alternative embodiments in accordance with the present invention could exhibit a wide
variety of changing, non-linear composition profiles. Fig. 4B is a simplified graph plotting
the concentration of a silicon-containing gas component relative to a process maximum,
30  versus time, for another alternative embodiment of a deposition process in accordance with

the present invention featuring a nonlinear profile.
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wat er vapor, or any conbination of a change in flow rates of the conponents
of the processing gas m xture which results in a change in the overall

per cent age conposition of the silicon-containing precursor. 100481
Moreover, a change in the relative ratio of conponents of the precursor

m xture may 10 be acconplished by other than changing the flow rates of the
conponents. For exanple, when ozone is used as the oxidizing gas precursor,
it's frequently formed by flow ng oxygen through an ozone generator,
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is renoved fromthe process er. [00511 Refer.ri now.to Eig. 3B, a
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the precursor materials are more concentrated, and form the dielectric layer at a faster rate,
Thus, when the dielectric materials can be deposited on the substrate at a higher deposition
rate without causing voids or weak seams, the substrate may be moved from an initial first

distance to a second distance that is closer to the process chamber manifold.

25  [0050] At the completion of the deposition of the dielectric layer, the precursors may stop
flowing into the chamber 316. Additional process steps (e.g., annealing, chemical-
mechanical polishing, efc.) may follow the dielectric deposition, before the substrate is

removed from the process chamber.

[0051] Referring now to Fig. 3B, a flowchart illustrating steps for forming a dielectric layer
30 on a substrate according to additional embodiments of the invention is shown. The process
includes providing a substrate in a process chamber in step 301. The substrate is then heated

in step 303 to a temperature at which the dielectric layer is formed (e.g., about 400°C or

11



5 dielectric normally has a spin-on |iquid consistency and may have to
undergo subsequent heating and/or annealing, which nay increase overal
deposition time. [00521 Precursors may be provided to the heated substrate
by flow ng oxidizing gas precursor, silicon-containing precursor, and water
vapor precursor to the process chanber in steps 305, 306 and 307. The water
vapor and ot her precursors may be m xed together and 10 flow t hrough a
single channel into the process chanber at a constant flow rate until the
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descri be@t b@&m 0S THPRRAS L ilo? %&&H&%aﬁ?&%@ﬁaﬁ& 1{19(9540%65191[ 4 ng the

formatlon the dieleciric material, a post-deposition anneal ma

opt i dfal Ifipwbroyeh ¢ singisghamgbingy the process ehmeé At aagonptant floav wfe sl thg flowsan

at mospheryg. §opld 8Sthe &Rl M3he MPBsitidIB O AdBnatilly ARE siB Bl ntdRhg Rﬁeb&s&nnem i ng
process includes heating the substrate nd fl N20O i nto& chanber or

f ur nace. Wélor\}z@w%hae?h&e?f‘é thit tsrindspendepy q ‘&ﬁPx“&’(‘P& AHRIEBY TR FRYPT HitEh
t enper at wra@&, a&ﬂdhéﬂé@ﬁ‘e@éd’tﬁﬁﬁe @ﬁmrgoemwbmdma&renﬂg&aﬁed dketheaomeabed | ayer

i's subst al . treefx :lp’ﬁq urt er 1tr atrrets ngCh CMVP.
[ 00551 A 3PP °"rrae@‘ aRee s ‘5188 2 P%PTS?‘“% K5 WRY §50 PHY LS f‘ﬁe
anneallsi ngaxﬁrﬁyle,tthé(exlaﬁmlglg@.ﬁ:ﬁecﬂsdrhﬂd/@&/@atehwpbemay hemdnddoetijoeﬁfetthe t he

depost { @ Misaf A PASRLHEE BF Rl eI pl SKE. B BEG L ANANEL Gipgrber of
mul ti - cha St er en urnace) In

sone enbcsdmcrsmbs anneal | ng conprises a Rapl d Ther rral Pr ocess (RTP) 12 as
nore fully descri bed in U S. Patent No. 5,660,472, the entire disclosure of
whi ch i s [PRfi3¢The diclectic fayenfoeniedyn the fsetsemte anaydbe anhdaledin piep 883 TiE0H6%al The

anneal i ng, L QNI BtiGn FRYprd @RI ambATLARE Ubst 20 thal, Be ARRUEreid0ASefatlte f UT NACE

20  annealing chamber. Exemplary anneal processes that may be used with embodiments of the

invention will now be described.

Exemplary Post-Deposition Anneal Processes

[0054] Following the formation of the dielectric material, a post-deposition anneal may
optionally be performed. The diclectric material may be annealed in an atmosphere such as

25 Nz, N0, NO or NHs. In one embodiment, the annealing process includes heating the
substrate and flowing N,O into the chamber or furnace. The N,O interacts with the silicon
oxide material at high temperatures and strengthens any remaining weak seams. The

annealed layer is substanitally seam-free and suited for further treatments such as CMP,

[0055] Annealing may take place in situ or ex situ. For example, the annealing may take
30 place in the CVD chamber immediately after the deposition. Annealing alternatively may
take place in another chamber of a multi-chamber system or in a different chamber system

(e.g., a furnace). In some embodiments, annealing comprises a Rapid Thermal Process (RTP)
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anneal and up to about 1200C for RTP anneal. The annealing duration is
tenperature 5 dependent and may range from about 10 m nutes to around 2
hours for furnace anneal and as few as 5 seconds up to around 3 m nutes for
RTP. As a result, in nost cases, the layer is annealed by restructuring the
Si 2 network wi thout exceeding the SiQ2 reflow tenperature. [0057] In other
enbodi nents, the anneal process may include a nulti-step anneal simlar to

t hose described in co-assigned U S. Prov. Patent App. Ser. No. 60/598, 939,

titled " Mnble flly SdERbANNEAS. Kleni LN 640,478, thEEndirk i IDEINSLF IR i< HrND
| MPROVED GAP- FILL," filed Aygust 4, 2004, by Nitin K. Ingle et al., the

entire cé‘?‘ﬂ"&ﬁ‘f*’éed()]?y'iﬁfﬁr?fﬁef‘ga é’i“E’B?es i ncor por at ed by reference for al |

pur poses. |l es [0058] In these exa | es, lico

di el ectr |[E°5tﬂair ¢ $RF U IngdPTRP B SP DA STy ARy ztC t&sg'wiﬂ@%@ﬁ@r@?@e TECS as
the sili caﬁﬁbacamt@tala&gnpnwcrfspmp @erQBE ]ﬂx&ahlﬁkallﬁ)g(dldhﬁdﬂ’lg t@@eradirecur sor and
wat er vap

s th drox n recurs ositio are
per f oPnediePer?%Ef“ﬁPiﬁlég §a“§ﬁ OEt 88?358) 21‘“8)lfndt %\‘7%% fﬁ‘t?ggjndﬁﬂ i con
oxi de gafewis b Secmctsaxppelafomﬁdmdnmﬁe@ﬁ)dng A@aeeﬁhbdnmt &aseH, thieHeyemist hods of
the inventio ara es u5|n vVen
t echni queagn?fgefi%yéfs% ruhe he%O g%\thgu g%%e éfc?; $o %{O@? gg erahl ‘of
trenches SI|IC n OXIde nches had a
i ot 1) FoishS iR i) MoSF B i1 Re Gy o3 SRERC8ES, "OE, &
5A shows thkase désedbedon codassigngd Ap%. Rybv tPatenichprs Sti. Noe60/998,98%tided INMURTbBxXi de
dielegtri
tec hﬁ?queﬁ#ﬁéﬁﬁElﬁLwifﬁie}ﬁ Ilr;gtf%g/% geIfL(h;)Is#)F F%gﬂgt qgggéﬂb b, Igﬁ,‘% aqut he
si | i con- dBhb.aifiddryguste 3P&%G by Nl@V\KnTglg@tet 2k thehentire @@G@Wﬁﬂ\’*hl@?l&h@reber m nut e

(nmom . No, Y RXY by CRNEARL PG ffgossy sor is introduced during the
deposition. "An anneal is performed follow ng the deposition for 30 m nutes

at  1050G,L.p,RsNi trogen (N2) atnosphere. The spots in the middle of the
filled trenc es and blurred lines around the edges of the trench in Fig. 5A

show ext E[E@slwlﬁl tthsre"S% @@s UiicYPbTe g{}l@ &d‘ﬁét?r i Qt@ﬁals %gregg%gs%:d dsuBRARAT I son,

Fig. 5B s an electron mcrogra es fil a silicon
oxi de15d| dreaehes nging FEQP @b thy S@lwoaﬁO@mmm@ﬁtSObpzqq@@s thetaxétizing gas he present

| nvent | OfhrodMibt i) wakd VuBS: ARV Neontiifls PSS, HROWMARiIoRI kgduced wi th

t he TEGCS. her deposition conditions were substantially the same as for
t he convé’ﬁffP'ES‘P?&Imaéﬁtﬁéﬁstcpﬁfﬁbﬁé%ﬁg‘ﬁ%tfoé%w - Fig. 5A. The nicrograph in

Fig. 5B |l acks the spots and blurry trench edges indicative of the
[0059] Silicon oxide gap-fills were pefformed according to embodiments of the methods of

the invention and comparative examples using conventional gap-fill techniques were also run.
20  Figs. 5A-B show electron micrographs of trenches filled with silicon oxide dielectric
materials. The trenches had a width of about 0.15 pm and an aspect ratio (height/width) of
about 6:1. Fig. SA shows an electron micrograph of trenches filled with a silicon oxide
dielectric using a conventional gap-fill technique. The conventional technique included a
thermal CVD deposition at 540°C using TEOS as the silicon-containing precursor flowing at
25  about 5000 milligrams per minute (mgm). No hydroxyl-containing precursor is introduced
during the deposition. An anneal is performed following the deposition for 30 minutes at
1050°C in a nitrogen (N;) atmosphere. The spots in the middle of the filled trenches and
blurred lines around the edges of the trench in Fig. SA show extensive formation of voids and

weak seams.

30 [0060] In comparison, Fig. 5B shows an electron micrograph of trenches filled with a silicon

oxide dielectric according to an embodiment of the methods of the present invention. During
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voi ds and weak seans seen in the gap-filled trenches of Fig. 5A. 5 [00611
Referring now to Figs. 6A-B another pair of electron m crographs of trenches
filled with silicon oxide dielectric materials are shown. Simlar to Figs.
6A-B, the trenches had a w dth of about 0.15 m and an aspect ratio
(height/w dth) of about 6:1. Fig. 6A shows an electron m crograph of
trenches filled wiwth a silicon oxide dielectric using a conventional

gap-fill technique. The conventional technique included a thernmal CVD

deposi ti Qg &803%9192%2) i 08 HIEWas @ftrddi&dSiitH ©OMEOSNICRhdHdBghbsRIgacUr sor fl owi ng
at about 5000 mlligrans,.

)Q er mnute ngn) . The el ongated spots, in_the
m ddl e ofcCRHBOreLptrRtil e emees &f(ﬂ?}‘ﬁ"gﬁ‘i}\}\}%%t"mgwé‘ def%&’ﬁé?‘?"dﬁ fFt voi ds.
[ 00621 | IFig GAP alhie $iErogiablin BB, SR tAeispdtsemt blirytentd gdg2p hdidfative efithhes
filled with a (§i | i.con oxide_diel ?B%Hrc gc%gti:di gg to an enbodi nent of the
met hods OP9F ART BPACERPs $950 &hthF 8AP-TiPE FA§RoS ™ Fithd?deposi ti on, 10 grams/ni nute
of H2 introduced with t TEOQS. Ot.her deposi.tion condition re
subst gnﬁ@?d@%%@‘?% tgé%soggil?h ° ﬁ@%ﬁ?‘i’r%er?ggn 853853{’?30#%38%F %B% above
for Fi g.withAilicoh@xidk diebgtrizjrhaterinldarg shdvb. RimflamtoFiggheAvBythe teenclasheda of t he
el ongat ed .spot.s, s in FHg. 6A [.0063 I, %.Sh .gr f .the wet
etch rate” ?tgtoltfgb?%)uma?\n a%earS eé:h't'allg re‘ilg%'kgé(gh)o?faﬁ %@‘%5.1281:1%_' @?L(}lggvsgili de filns
as a f uncldcoon microgrémr of\t@pcires filledwith g silicomoxjdadisleotrin usiey adomvengorfal | m
depositiqp.. h : | ' 635l wat er
vapor fl Q. rﬁ ;_1{1 %hg;qg?' 5@%%2?%%%%%1 t%t{mﬁ%?@%ggg@ gﬁﬁﬁﬁ(%%ne%gg% t%{{ew%r aph
shows!0f orusingd EQS0rS threpilieointdontainingrprecursps flewing ahabawh FOQOrmilligrpms pwagiautF ol | owi ng
a post - d?{{?ﬁ%ﬁ{)ﬁ TRDCIBAEARA! sp&iS irf A6 MA@IIEHF HARNEd frdrWés ih BIE 6ANKER RRRAsivel NE drOp
in %shrinkage is particularly notable when going froma noisture 25 free
deposi t i damggiorof vadsyni nin H2O) to a deposition that includes some water
vapor (i.e., 5 gmnmH20 . [00641 As noted above, the physical (e.g.,
phase) cHB962¢ {neamnarisan. Big. é_ﬁéhwa%a@rél@;ﬁgﬁ@ﬂu@aﬁaplh%f{f@nah@i@éfile@awh%pact of
the qual idxieQficldctf fcSlafGltb hit elBEBmbmlof fHRMIERKEbs YWABR phdinticBtion. VIBRMg
supplied to the process chanber._has an increasin hase conponent

_ liquid
(e. g.15 30hs drppetians 40 erams/mingisof EbP was inteadpsedy eaﬁ&Sn&t qSeprsiiber  of
particl e Radess vresudbtaatialgdhe Simeldd forahk Eoneentdhaltdepositapikdribed absieFér at e.

This correl ati was denpnsira exper.i ment al | by .conduct i ng oxi de

dopos 1 0t 54 “theBRoBHAR oL dosS HRRER By eyt of BSGIPRRTY I ¥ehper at ur o
(540C), dhFigcoA. precursor flow rate (2700 ngm TECS), and oxi de precursor
flowrate (13.5 sIm03), but with increasingly nore dilute (i.e., |less

concent r goess) Figal eliowsaggraph of the wet etch rate ratio (WERR) and percent shrinkage of the

20 silicon oxide films as a function of water vapor flow rate (in grams/minute) during film
deposition. The graph shows that the WERR decreases with increasing water vapor flow rate
for depositions at both 850°C and 1050°C. Also, the graph shows for the 850°C deposition
that there is a smaller % shrinkage following a post-deposition anneal as the water vapor flow
rate increases. The drop in % shrinkage is particularly notable when going from a moisture-

25  free deposition (i.e., 0 gm/min H,0) to a deposition that includes some water vapor (i.e., 5
gm/min H,O).

[0064] As noted above, the physical (e.g., phase) characteristics of the water vapor can
have a significant impact of the quality of the dielectric material formed. When the water
vapor supplied to the process chamber has an increasing liquid phase component (e.g.,

30 increased liquid aerosol concentration) an increased number of particle adders are observed
on the surface of the deposition substrate. This correlation was demonstrated experimentally

by conducting oxide depositions at a constant process chamber pressure (600 torr),
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supplied. [0065] Figs. 8A-D show the nunber of particle adders deposited on
waf er surfaces 5 foll ow ng oxide depositions with 5L of water vapor diluted
in O., 3L, I O, and 15L of N2, respectively. Table 1 sumarizes the
particle adder results: Table 1: Particle Adder Count for Increasing N2
Dilution Levels Wafer No. Water Vapor N2 Dilution Particle Adder Dew Poi nt
of Vol une Vol une Count Water Vapor (Liters) (Liters) C1 5L OL 515 94C 2
5L 5L 386 67C 3 5L IOL 101 60C 4 5L 15L 53 56C [0066] The data

unm st akg&%@ﬁ@%@oéﬁgma&b&%@&mrafef(zﬂmﬁgmtmssam&t& pRsidaps being

deposite e surface with increasing N2 dilution of the water
vapor supiemi rets 35 ske0s)1 butyyiiagrsassnghymere ditpiedi¢; Igpk QaFAtTHISEL WRIST YARAT of
Table 1 a|sgticahows how the particle adder count correlates to the dew point
of the water vapor in the process chanber. The dew point of a constant

vol ume g3gogsy X trise8 AD SR the AREbS M batite adliir& fepbbifed\oalwaT® sitfsdes be cool ed, at

constant pressure, for the gaseous water vapor. tq.start_ condensi into a
liquid pffg]é‘é"i(‘g ogide depggipns ‘%éh 8 %fatirWBV@,“t‘?dHé%Fo%Jerl%Ph%p %&%nt of the
wat er vagedpeétivelyh @rapleacsastn e e particld 2dddnesstiesner t he nunmber of particle
adders fornmed. [0067[ The correlation of the decreasing dew point of the
wat er vapgiblel 17 Phifiele ARIBDEsunbifdriincredimgdeaviaash ngvaisimber of particle adders

suggest s—-hat—t-he|igui-d-—phasewater—coeppopent—at—fhewatetvapor in the
chanber |pl%ger o gmi’rt?rlc\vdaﬁf’rro wﬁi t‘ghrt ‘geﬁ‘ﬂ@"’err g??:rﬁ%fa}toh. Whi | e not
wi shing [to be bound bé‘:itﬁm§arti cyl®™ hepry, M is [beld }5{8 tHat 1iquid
aer 0osol |dreplets—of wet&rl20-1or o Hel a—huel &S for—the-teactton of silicon
SpeCI es 1 t+ al \5 dovaoallan 1 ]:.n + h nr\S 5r\| a o= | l\4r§ TH us the nor e
T Yocq ACVCITOP 1 A A | P CT T ald @gc. LIl y

| narfizhl ac nrnbfslﬁ' rnltha 'Lr\r\r\ﬁ nh%B or + ha o nd t | th t
aer OSO P T T T OO vo;sxt LI LLASE JmLUU\/J.J \va N g CT, CITC @BCC M r | C e a
wll be depoé! ted—on tﬁﬁ warf-er—sH rrat {nﬁua’[ noth6rocset of experinments
denonst rlates % hat lmet hel of generattrg—the—water—aper—tan—Have a dramatic

i mpact 0&60 npEtIeta ahiRaabiyGhew a ddat ssindaRabet eepositad patiele a8durf 8GRz 25
Fi gs. 9A&B show the nunber_ of particle a gl'rt,s dﬁ@osmed on thgig urface of a
subst r at elepRsited on H»sm%ercfﬁff@rv@ Ingrepsite Nagbioy 8hBr Mo NaRE SHRAYSC 1H6¢E h

deposidt i gitSce¥dhamders iThie@igfithaxd thest cORPPSIfITable 1alsoahewsIkdvatie partizteriderc hanber
pressure ci)gr(l)tocoit'rglra{g% to t&lg HP\E E)g“ltn ([;fethé ?vgft(e):g Qraipm$ 1jnI tilg Srr(}cess chamber. The dew point

of a constant volume gas mixture is the temperature to which the volume must be cooled, at

constant pressure, for the gaseous water vapor to start condensing into a liquid phase (i.¢c.,

dew). As Table 1 shows, the lower the dew point of the water vapor in the process chamber,

15  the fewer the number of particle adders formed.

[0067] The correlation of the decreasing dew point of the water vapor in the chamber with
the decreasing number of particle adders suggests that the liquid phase water component of
the water vapor in the chamber plays a significant role in particle adder formation. While not
wishing to be bound by a particular theory, it is believed that liquid aerosol droplets of water
20  provide a nucleus for the reaction of silicon species that ultimately develop into the particle
adders. Thus, the more aerosol particles present in the process chamber, the more particle

that will be deposited on the wafer substrate.

[0068] Another set of experiments demonstrates that method of generating the water vapor
can have a dramatic impact on the number of particle adders deposited on a wafer surface.

25  Figs. 9A&B show the number of particle adders deposited on the surface of a substrate wafer
using different water vapor generation methods. Both depositions were a silicon oxide

deposition at a constant process chamber pressure (600 torr), temperature (540°C), silicon
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15 precursor flow rate (2700 ngm TECS), oxide precursor flowrate (13.5 sl m
03), and volune of supplied water vapor (5L). The difference between
depositions was that the wafer surface outlined in Fig. 9A used a
conventional liquid vaporizer (direct liquid injection) nethod to generate
wat er vapor by evaporating a liquid water source and m xi ng the water vapor
with a 5 carrier gas, while the wafer surface in Fig. 9B used a catalytic
water vapor generation nethod. [0069] Fig. 9A shows 510 particle adders

wer e dep%échﬁ@rﬂﬁ\v?d@@ﬂ%@ﬁf &y, 8kifle YlR&Rsc flodli Iﬁeqtsblsgluogb by ®rheon nmet hod
was used vapo te a é (gr source nd enerate Wa‘:t]% éBpor during
for a silf& VHE YaPeY @9 e gﬁrﬁg?etl?ef)‘ﬁeenl QsHieps ya thapthg wa fi5Gs nearly

an 10 or dﬁﬂm@d 1nrlﬁgr9AI e afconenti@ral Ilqlﬁﬂ eapeider (giréte AQsit igektion) mbhodtor f ace (53
adders) when t rocgss use% g tt c water vaglg %gnteratlon jret hod to
gener ategﬁ?ﬁﬁatgn’ﬁfff 2ROR &Y AtPar? nggé&u S KRR B auEingthe & VAPREVET £ er ence
i n the nusiber gaf whity the olafer awktee $n FigesB Lised alvatalytic wasdr vhpoe gedmatm of nmethod to
generate and supply water vapor has a significant inmpact on the nunber of
parti cI enéglbo rs deposlted on the wafer. Consequently, t he choi ce of water

f] i al
vapor, 15 8GRFC 44 9 FE TSI SABH0 RSP SRt RRE Stk AR frorcr 2!
wat er Vapmbctaslu@l injeqrami théthod yasacsed suporate@demm watyr sservie@od gexrctm waer uct ur e
00701 P oo B BERYS ficlh BRbL RO LOSRHRRCH Rfha iR lnAR EAE 11| e

trench st I‘EICt UI‘ utirfrzing an e process | accor dance
wi t h 10he Opqleegémtagmmefﬂweonamclz@d@pe@qul@élonyhe Jurface GSﬁedwst)we@nftheow rate

ratio of ﬁéée&s%@d geﬂtlgtu{mw gpgun%atm@ﬁtemba td\EknBAR a%%ﬁwl e Wit Ng the

deposition process re ts in formation of an oxide film800 that includes
a hi ghl y vepsrite thegrogses ehamherg Jing dffessticerint the pymbaof purticls gddarnelcariy shewh

si dewal | spat Hatch¥ial 6Pme@bé B %e'ﬂ@ﬂaté%& sﬁaﬂﬁ@&éﬁ%ﬁﬂiﬂ&' siddPEniRHph iR tRO0b whi ch
fills the entire volune of the trench 802 and creates overlying bulk |ayer

804 in awERSUHABIElGRIArTS derasited Hfethe TRET oSEPueqweint Y-dbe 2wiqe o RRKT SBPTof Fi g.
10 dogs n@herhtifal miéiRod daQ hied £1SigRiFic e alipasaithe asHMEical Qb 6F sSliddh bRide

features formed utilizi h onventi onal oxi de rocesses previously
descri bedjfepos ROTE AR %‘T‘l’gﬁ%é Sithal IR OGHL WAMEHERAT F5 P %Pgsﬁ“i‘bpfﬁﬁ‘tfs e used in

shall ow trench isol ation structures | i ke those shown in Fig. 1 1, which

illust ratgs ?l gg#g %I Eddu8t09§§ gtl on of an integrated circuit 200 accordi ng
to enbodi As shown in Fig. 11, the 30 integrated
circuit 240070] Aig. u@elsmrdlmnailfcbdl@mscqﬂand|V@t“o¢fsmmBieefdt¢d2@6<;h sghicwke ar e

separ at eq"oﬁl%q %ﬁl?ﬁggh gﬁu)c){mler?tcgfgtp?&eis iff g&c%?&nce%glﬂhe?)Yesgﬁ%ﬁjs%na&{ led trench

isolation stru
20  Specifically, the time-varied flow rate ratio of silicon-containing precursor:oxidizing gas

precursor during the deposition process results in formation of an oxide film 800 that includes
a highly conformal portion 800a proximate to the surrounding silicon sidewalls, but which
also includes a less-conformal body portion 800b which fills the entire volume of the trench
802 and creates overlying bulk layer 804 in a reasonable period of time. The oxide-filled

25  trench 802 of Fig. 10 does not include the voids or weak seams associated with similar

features formed utilizing the conventional oxide CVD processes previously described.

[0071] Trenches like the ones shown in Fig. 10 may be used in shallow trench isolation
structures like those shown in Fig. 11, which illustrates simplified cross-section of an
integrated circuit 200 according to embodiments of the invention. As shown in Fig. 11, the
30 integrated circuit 200 includes NMOS and PMOS transistors 203 and 206, which are
separated and electrically isolated from each other by oxide-filled trench isolation structure

220. Alternatively, field oxide isolation can be used to isolate devices, or a combination of
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220. Alternatively, field oxide isolation can be used to isol ate devices, or
a conbination of 16 isolation techniques may be used. Each of the

transi stors 203 and 206 conprises a source region 212, a gate region 215,
and a drain region 218. [0072] A prenetal dielectric (PMD) |ayer 221
separates the transistors 203 and 206 fromthe netal |ayer 240, with
connections between netal |ayer 240 and the transistors made by 5 contacts
224. The prerret al dielectric |ayer 221 may conprise a single |layer or

mul tiple I Y, tngjjn- 240, 242,
244, and I?Jlag%gl %(131 %diw 8¢ lfsh&el %\cth é@lgt ea‘sqgc}?rrsgg? %9&12 6.@0E C ésrarayest%g | ayer is
separ at edeglomm?adjgdemomi’elﬁahnd a@remgegzyn 2i%aternetal dielectric |layers 227,
228, and 229. Adjacent netal |ayers are connected at sel ected openings by
vias 226.[0F2hAaremetal Gielseiiic RVIBhlayen2dd sempgesdhaetransistess 2€ang\206 fiopetheret al 10

 ayer 24GnetkiMAPhad vl cofibRrioh! ilvdoRYRlal RGECIA AT telrhlioRN AR, | nvent i on

may be u ormone or  nore Pel’ectric layers shown'in
i nt egriat edntests 8. t Tirawemetalrdielgetriplager 231 sdyicemnrisnad Heele [aygegr rapdiiplei t ed

accor di nQadeps. U1 oA E[RE 2400¥ %Hé bmumaealhgyek@ 4,122, 14824 Jakeisliddssial ation
structure 220. A silicon oxid er deposited according to the present

i nvent i ortheraegetadsinguit 260. Back “Eeéal ysawéenzmq fxora pdigeent mgtal fagers Ry gher | ayer
i nt er met ghteth&h1Adiddtc e 57, 229, add 20 Adjh@nt Q¥ar 1laydr51 greicBhRceannect

structure. [0074] A sillcqn oxi de. | ayer. accqrdin presen vention
may al so SS@“&%@B‘J“FWS%M{W& ¢&nklanagize %assmoe R %‘H’QB‘ qd,pvers I’}ef‘i’fegr ated
ci rcuidt s.layen2e@mascene | ayers, a blanket layer is dep05| ted over

substrate, selectively etched through to the substrate, and 20 then filled

Wi : hI rr:st Foomna ﬁﬁ@h%d;d@g@lér @dcoﬂm{gaﬁglfébré@nﬁlgvmia@?@y be Qﬁﬁdaﬁf(&m?cﬂéf .or Af 5 er the
met al | ayer sited, a . secaqn si.tion 0 an

sel ecti vé’f‘?/reéfﬂ‘ﬁé% ectryg]ayets theug 18 M t&fr%r%?ﬁ&f ‘:?rleé‘amﬁf "ﬁ [’r%"t“ nd etched

bac kI 0 ][ Aeyer a&s;ﬁ)dltédhcéérﬂmgw) & p2é§6nt inVefifloibhay be wdod td deehetrumlescﬁettmd t hat01 t hef
sinplified int 0ses . e o
or o nar y “erhe " (i lokids i pensistRhoorying T e Rk RERGRTT Ry Ak

f abrikat iwed tofcr@tdiEMD lage G2 Btoe thedhigheu layer, intstnodial aléelenitria lopere 225325 of the

applicatig ted circuits (ASICs), nmenory devices, and the
i ke. Veﬁlgggﬁ’ﬁjéb&‘“e tPon stem [0076] Fi g 12A shows a sinplified di agram

of a sys 0 for de a 40 enbodi nment s
of the | g}n |osrl1hc lsd%g Eacc g%tf’ I nc‘ipr glsltlgve d?afna?lgfis'gwater vapor 30

gener at i glmasrene E@ézrs,tvlviach zra prplluded ngmephtagtatewatrentsv &ipdamasoercHgyepy, acess
chanber SDQ:ﬁkgHHqugs d?’eposited over a substrate, selectively etched through to the substrate, and
20  then filled with metal and etched back or polished to form metal contacts 224, After the
metal layer is deposited, a second blanket deposition is performed and selectively etched.

The etched areas are then filled with metal and etched back or polished to form vias 226.

[0075] 1t should be understood that the simplified integrated circuit 200 is for illustrative
purposes only. One of ordinary skill in the art could implement the present method for
25  fabrication of other integrated circuits, such as microprocessors, application-specific

integrated circuits (ASICs), memory devices, and the like.

Exemplary Deposition System

[0076] Fig 12A shows a simplified diagram of a system 500 for depositing a dielectric layer
according to embodiments of the invention. This system 500 includes a catalytic water vapor
30  generation unit 502 that supplies gas phase water vapor to the process chamber 504 during a
dielectric layer deposition. The WVG unit 502 includes a gas panel 506 that stores and
supplies hydrogen gas (H;) and oxygen gas (O;) that is catalytically converted into the water
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dielectric |ayer deposition. The W/G unit 502 includes a gas panel 506 that
stores and supplies hydrogen gas (H2) and oxygen gas (02) that is
catalytically converted into the water 17 vapor. The gas panel 506 may al so
store and deliver carriers gases (e.g., H2, He, etc.) to the WVGunit 502.
In the enbodi nent shown, the gases from gas panel 506 are supplied by two
separate lines to the W/G unit 502. Afirst line supplies a m xture of
hydrogen and oxygen gas to the unit, and a second line supplies carrier gas

(e.g., N%gpéroThg'Easlfﬂhél 505%9%s€%f6§‘§aﬂ?ﬁiéh5er%h§ﬁrs‘ Jacdsyele. ﬁz,xlll@gth%b{ gRn gas

and/ or rogen das wt carrier gas in the second |ine ., a N2 and
02 gas m"%’t”f;rr‘tljl)t5 pobrthe emh‘éilmﬁfrsé@éﬁt %%(%’éﬂasgé’éle rﬁ()?taﬂer%‘I’Pﬂé%f'i E}XéWPun

through aemadid lifdsQo fHelWoG BAG0ROA ArSIMEBupiMes b GiktaleT hymogaeaxﬂaﬁyganr eam The
gas m xture nmy then be |ntroduced to the catalytlc rea(i ﬁr 510 t hat

i ncl udes gﬁ%\'t"é?‘i Wi apche gegpiyd Vs suBplfey cRpit s (e 8- HY thedgd HRPEIAEYLO i nt o

wat er 5vap@b indulletnhiRin gmﬂ@n@ﬂh roigén fdsGvithlth€Xarriér s Erﬁk‘h@&&bn@&ﬁ@J yst 510
i ncludes  pla nu({’rgas t talyst material. The catalytic reactor 510 is
heat ed t §¢&> &SRB Qe gasamiglyr % about 100C to about 400C, about 350C, etc.)

wh th I hyd d tal yti ly d [ d
Feconbi ndOPH o s SuuBbcaR ory SR Tits Ay Opiut Bt pRsEieR s aHERat ed wat er
vapor f & Qllsméxhzepaﬁta:h&keﬁﬁxi fhel’gﬁﬁﬁfe@ﬁl 5116 gmyuxhee &ﬁymﬁtblem&ﬂ)dmddhoﬁ&rrl er ﬁas WG

.e., diluti.on a separ pe fa the
ni ¢ 502 <l redBR 10 BECHHR Tl st iR PR Fr Rt hfBeltnc
pr emiled mmwatertvh;mrrrhi the ainhodlhrynirshg\em inalfid. 14y gencgas cataurstsﬁ;ﬂphczledts as a
single mxture {%gy%%gt'e}ﬁl' The ch8 @&Jﬂs%ld&'h@a@&i} 0% &erﬁ}!’etrﬁ'[l{é tLve

as nay

enmbodi msr?t (luma Oome carrier he }’lydr ogen
and oxygelhogaQO‘thtotaheutd@t)%G ybow 36€°4% ewr) whetd thematbdullar oradgepandipxrge®0 anot her

carrier g:@t%m%%ogﬁﬁ%%%g?;e%o&gﬁe%(r)gésgd;}s%@ltér Iag(gnerat ed water vapor from

t he reactor enperature-an tive anounts of catalytic

vat er Vaﬁ%mﬂ”%fh% %{J]tgfyﬁgal%ag%nergéx wifer !rh%"tﬂe P&(ﬂ?ﬁr‘%@&@? 519 asuring

concentr r-vapor 1n the mxture e sensor may al so
measue combiamd withicemiengasdhe, @l‘utlnng@s)ouﬁeas Nowppliedrin 8 seffarathigas lmem thee (e.g.,

the carrigycips 5%9“%%1{&&%99&1@&%&&5 fn\()@mﬁm‘}%&rﬁ@# SR hlQbe (Al RixEERANT €d by
the 25 sensor 512 may be used to regulate the flow of the water vapor and/or

carrier desmelgcHerhydeagen andexygen 23s apd pppliedasty single mixtye® theicetalyio at a
preset | g¥Rtor 51§ O0BQhothBLalleBHASE &rhbdEmER (Rt IR oM B5tribOgds @alat € the

tenperature of the water vapor exiti n%?the unit 502. In the enbodi nent
shown i n SEPRjied Pith the lw@r%gflé}ld Oat56R BA53P Hherr@tabiticirepstor uhila additionsldand/osr 5 10
may ave apReatritr ) Ynalybe adddiRo HIRMaRIRCMEeRsrateld & at ShpRffronl e FRB©E.Or

[0079] The temperature and/or relative amounts of catalytic water vapor and carrier gas
may be monitored by a sensor 512 measuring concentration of the water vapor in the mixture.
The sensor 512 may also measure concentration of one or more other components of the
mixture (e.g., the carrier gas concentration). Water vapor concentration data measured by the
25  sensor 512 may be used to regulate the flow of the water vapor and/or carrier gas to maintain

the water vapor exiting the WV G unit 502 at a preset level.

[0080] The temperature data may be used to regulate the temperature of the water vapor
exiting the unit 502. In the embodiment shown in Fig. 10A, the water vapor forming in the
catalytic reactor 510 may have approximately the same temperature as the rest of the reactor
30 (e.g., about 350°C). The water vapor emitted from reactor 510 may then be combined with a
carrier gas at a lower temperature (e.g., about 140°C), which may decrease the temperature of

the water vapor to approximately the same level. The water vapor/carrier gas mixture may be
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30 (e.g., about 350C). The water vapor emtted fromreactor 510 may then be
conbined with a carrier gas at a |ower tenperature (e.g., about 1400

whi ch nay decrease the tenperature of the water vapor to approxinmately the
sane | evel. The water vapor/carrier gas mxture may be 18 filtered to
renove particles with filter 514, before |leaving the WG unit 502 for the
processi ng chanber 504. If oxygen and/or hydrogen gas are included in the
streamof carrier gas mxed with the catalytically generated water vapor,

then the figfRlo MARIE pikikies! Wvith FBPS 1486k fode Pea 11 tpmmﬁhmgozciaameer 504 nay
al so include these precursors (e.n%.? a_ wat er vapor, ni trogen gas (N2) and

oxygen g@EPEHNR RrRbUES- rayerant(os hydpesn %&H@r‘n%‘l‘@éd‘? tgstreran el G by WG

unit 502 gapmbed SWiliRhd &ti’alﬁidaﬂygédéra&éu wit&evaFdSIth%ﬁ HehateRaphiahixbRds@plishown in
Fig. 10A. Additi onal

I nes ot her recursors to the chanber
504. For t%ﬂ‘ﬁr?fﬂcésmcgﬁé‘a%‘g?r 586@%6&8&%%# t@%%pWﬁVs‘Hé SppVEEHVEY™ anot her |ine
518 tg t PR ERAN,) SabxFEsh dae (Of)mikmgk)in a carrier gas (e.g., N2, He). In
the 10 enbodi ment shown, the silicon precursor line 518 may al so be coupl ed
to a di VE{OGSILI Mae $26r vﬁﬁlﬁﬁ)rdﬁﬁrsaﬂ @aeﬁ@upywwmna SOBwy%pr53ﬁe&19Ro
evacuating the chapber . e gas |i e. g.
silicon (FEUOrs ?g ?lfafﬂz’ g%)as sg‘o g\ @%pp%@‘“b@%&%i‘ﬂe LeWPRY US4 (e g. |
02, 03, W&ursefs(to )hemiglmbér§04 bBorstxpiplegettie tsldlcortﬂrecmomdeSﬁiaylge sippiibkby 504
t hr ough anotgxrylglglgléﬁgﬂa l I ner Fém&gbe dﬁdtg& nla()cl:ll’l't'lerl“!ggipéJl ?:LSI % her gases,

such as argon GSTtrons iNe precursors
(e.g.10 Nﬁibpdriﬂeum’wwartbo mponemrcc@rsq‘r dme fl8mey #eo bh)cplungdamd dryhlalhbeﬁﬂbl ean

process gﬁ%‘ Ilsa%h ogf ?90 dzpl'a%Qumtpgm %2 %r%ggc%‘a I{bgthg Eﬁ)gps@{ng c[l%é% :!SOJ

catal yti gener a wat er “vapor an cursors are supplied to the
process cﬂhanbepre%&hnw{egemhcmEl‘p@trmrlheeﬂa)m i s deposited on a substrate.

Enmbodi ments of the 20 invention include a variety of dielectric |ayer
deposi t i dA083 ocdeswely ofivdyaepareayesor $21clegd (hgOs, AePrrert.) mandlsobe peppdiaditocheni cal

vapor - de Rf?éf)rt)&égﬂné %B{Heﬂs'@ﬁtmo%%ﬁlﬁ ﬁﬁﬁ) Qlﬁipw IQ{ESSZWYn addﬂfdnu gﬁ)pﬁésQﬁe sses and

process chanbers equi pped I gh- sity plasma CVD, plasma- enhanced CVD,
and/ 0 r oSt 88sps.§ 200 fpr %@WIWW&IWW t BdffBIoORNe PECHPEP &A1 i

| ayer. 25«13,0@&&6%%09& dre YIBr AHANR Rpink AR EHanfer baAGredBsOhapalsy 6 &upikd

accordi n% to enbodinents of the invention with additional details about the
processi g HePEAsEneaiamBEher system conponents that may be used for

chem cal vapor deposition ("CvD'). This system 10 may be confi qured for
per f or ni 18083he Ths catalytigal irgencraigd st a%n%glgﬂwh?r@r%%s agp\guppligd to

process chamber 504, where a dielectric film is deposited on a substrate. Embodiments of the
20  invention include a variety of dielectric layer deposition processes and systems, including
thermal, and/or plasma chemical vapor-deposition techniques. Plasma depositions may
include processes and process chambers equipped for high-density plasma CVD, plasma-
enhanced CVD, and/or remotely generated plasmas used with CVD to form the dielectric

layer.

25 [0084] Fig. 10B shows a simplified diagram of a system 10 according to embodiments of
the invention with additional details about the processing chamber and other system
components that may be used for chemical vapor deposition ("CVD"). This system 10 may
be configured for performing thermal, plasma, and sub-atmospheric CVD ("SACVD")
processes, as well as other processes, such as reflow, drive-in, cleaning, etching, and

30  gettering processes. Multiple-step processes can also be performed on a single substrate or
wafer without removing the substrate from the chamber. The major components of the

system include, among others, a vacuum chamber 15 that receives process and other gases
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processes, as well as other processes, such as reflow, drive-in, cleaning,
etching, and 30 gettering processes. Miltiple-step processes can al so be
performed on a single substrate or wafer without renoving the substrate
fromthe chanber. The major conponents of the systeminclude, anong others,
a vacuum chanber 15 that receives process and other gases 19 froma gas
delivery system 89, a vacuum system 88, a renote m crowave plasm system 55,
and a control system 53. These and ot her conponents are described below in
or der 1 O srollels oy LenPEESGALuINRRH Ba rekiRERcrd DV RnARPEE LGS 10

i ncl udes an ehcl osure "assenbly ousi ng a vacuum 5 chanber 15 wth a gas
react i on 2a¢ agontw! systegna3. dThese prshathes sompencats A descrihed Pel@wdn &FVE t he gas

reacti on @i&aannt Presht §REARINNY reactive gases and other gases, such as
purge gases, through perforated holes in the gas distribution plate 20 to a

waf er (nQ60@F?%¢V%baﬁﬁ§tl§ ifRfhds aﬁ’&fclds&%'aks%mﬁ@ﬁﬂ)@'tﬁuﬁﬁé& S4cugm (al so

referred to as a support pedest al heater 25 can be controllably

noved Shetchaber a5 %mérgafafﬁ@mwea Yhet & 1%‘1“&011@% Hrisipeyited abpvethe 83ded, 10
for ex armé&no@ma %6 %Q&E&&h@%a@@ﬁd ab&@ing bﬂx‘éﬁéeﬁée@@&oﬁ&@ Plrgk @adeb@h@agh

di stributiaon te 20 ted dashed % or to other positions
for ot hePSHf WPE&?@ES ngthe ﬁa Stflg tiog.p %"? 291t°c5’rwaf‘ér o ﬂb’n)ptfhﬁtrfé%%on% center board
(not showsptichiRCinbietdte IaRS 05 €al§o&éfeﬂé@w dﬂlaﬂ@férmﬁpﬂdﬂﬁiddeﬂal))ﬁThetlh:&tepDSd:ahl on of

t he waf er. The h ater 25 incl udes nele tric Si s heatlng
ol ament (bﬁa{mtgﬁ%%x)moevﬁéﬁ sktp £ vl fostioionf ok B o fobloatfy "Fhe
heat i10g dbwesxeinplef andr frodessing pdshqpnaﬂnselgadjaeemtuahbgas dlsmbutrompﬂmm(s and al |l ows
t he heater ttain t res . u 800C. n

embodi neﬁ?dlcagefdl%ya# eggg}%o ?r% Osmoﬁgg)é?%lgs%lﬂp?ses € a\l/‘c‘agrtffrj}fﬁtghharrber 15
are nmadeleahing poee’mAccengt board(not slumhl) a&l@bwmsumfompr@ah@gﬁhﬁﬁﬁlammm um na)

or alum i 0087] Deposition precursors and carrier gases may be
suppl i edqﬁ%o%tloggggiewa%ery system 89, 20 through the suppl y line 43, and

t h
or et er apng0ds) ThEAeB g LRAAE, SRl BRIt M BREGor Bopnblieleed 0% ©
For Iléxanmph egramic |T¢@nemmmwwpmgleﬂwem@mqnt framipotentiglily mswchcmmbvyl si | ane,

t t hyl i i i | orthosi | t
L I A S T T
oct anet h;ckayp;lhmeethOAsmdnomamerf( 3 headd 26 erpoved toythe yamluome:hatabetrl 16%ane

( TOVCATS)madg of Erhé {cqﬁatgrjfh? rs%?t} é%&ﬁm%%ﬂ% (Séf 6 k%lﬁ% I alur'nﬂg 41%-1*31: ong w th

an oxi de gas, SUC as oxy ozone ur es
t her eof, [M] bggosm%%rrec\(@sg%rand carrier gases may be supplied from gas delivery system 89,
20  through the supply line 43, and into a gas mixing box (also called a gas mixing block) 273,

where they are preferably mixed together and delivered to the gas distribution plate 20. For
example, silicon-containing precursor, such as silane, dimethylsilane, trimethylsilane,
tetramethylsilane, diethylsilane, tetramethylorthosilicate (TMOS), tetraethylorthosilicate
(TEOS), octamethyltetrasiloxane (OMTS), octamethylcyclotetrasiloxane (OMCTS),

25  tetramethylcyclotetrasiloxane (TOMCATS), or mixtures thereof may be supplied to supply
line 43 along with an oxide gas, such as oxygen (O,), ozone (O3), NO, NO,, or mixtures

thereof, and the water vapor.

[0088] The gas delivery system 89 may include a catalytic water vapor generation unit (not

shown) to supply the water vapor though supply line 43. As shown in Fig. 10A above, the
30 WVG unit may include inlet lines for hydrogen and oxygen gas, and may also include an

inlet for carrier gas (e.g., N2, He, mixtures thereof, etc.). The output of the WVG unit is

catalytically generated water vapor having little or no liquid phase component (e.g., acrosol
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[ 00881 The gas delivery system 89 may include a catalytic water vapor
generation unit (not shown) to supply the water vapor though supply line
43. As shown in Fig. | OA above, the 30 WG unit may include inlet |ines
for hydrogen and oxygen gas, and may al so include an inlet for carrier gas
(e.g., N2, He, mxtures thereof, etc.). The output of the WG unit is
catalytically generated water vapor having little or no |liquid phase
conponent (e.g., aerosol 20 droplets) that may be diluted in a carrier gas
and suppldr&fiktd thJtHﬁy%HBﬁhﬁéd kd Deardd APEhdRSplicditd tRGuPBIP GKe 23 3nd §L0089] The gas
m xi ng box 27 greferably a dual i nput mxing block coupled to a process
gas suppWVngﬁgwh§ %nd to a cleaning/etch gas conduit 47. A valve 280
operates to admt seal gas or plasnma fromthe gas conduit 47 to the

gas mi xi (@083 Eekgazmxmsﬁ@x 3&%18@6‘#%% afipaligptinysiag 65‘§E§°‘+Hl?ﬂw‘PérPr‘?°|’?§segr al
renote ngg §w§&byalnlal4a%ﬂ@towa&@mg5éeh g&alcsrmuhaus ﬁﬂvleﬂOo@Zratefs%ad’rﬁﬁ&l vi ng

i nput _gases rin eposi tion process l._ed o t he ate 20 is
vent ed t SFE88 ?ri?éas&)é%@mg’ﬁrgf‘%‘ff’é‘ dyit 47 f°r'f ?%"ét jf’llj‘g??rz(;&)s gas %‘8‘? Tt may be
uni f or m Yeceflies gasedfitb@dn lielirall rblyioﬁ(iﬂh%&a{/é’lﬂam @EtethB’Sf, ahith hhqu oty in a

| am nar %Iow 10 hﬁg%%% PEﬁgfngnﬁﬁﬁ' be. del | iver e I, Nt o i acuun1chanber
15 from tHECE AP 85ReH SRR UeRRIUOR PRSP 6 B4 SHRP ’(eﬂé? Sﬁ’ vﬁﬁ Through t he
bottom vvazlehted)fovfard:ﬂhemfer sarfse @ ipdidaed byTire)wsm]D gvlwgp igamy bk owdorupyvar d from
the inl ety part dt%egu ossg%t‘g{fﬁrsurfgnd tg)ca aanln#le%r lt:}E;wrpl ng channel 40. An

exhaust sy Stem A exhaus y arrows 22) into the

annul.ar channel nd thro h an exha 0.t v system
88, VIVI{QI cﬁbl@l] gnl%c%%mgyéacuhvﬁ{egdntotg%noatcu%rﬁcm II:'§< AU tE Blg{s%e@ a&ﬁféygﬂ rai ned
parti cl esnlatrmrichrawie (ﬁatcshown}tbroagmthledvmtqnumallro@emlx&nreedssemnly mOHbUfHe t he exhaust

| 60 | t I th
embod e HofB bl e B el kB e pokf £ 1RV BB Tl pA 1 S
cont ai ni refappebdlyrAnexhang yystenatheh exhausts tjis ssefra indicated hypmpwisi2dkintathe a gas

di stri buty . @lping dhande? 40 b8 EhrduBh BE BUERE 1hE8MJ 4 %hﬁr‘ﬁ%Q&érﬂ ggpvRaRt urely

before reaching the substrate. As exanple of the dual channel upgly l'i ne

and sBowdndhedss a ae“s}wgwq@ @esteBE dExhgust gasss andgnergingd perticlegere dfa

6,624, Ogjthe drinhilaf fumpried EKdARe1 @0 t e KHARst ik ko AND ate PRSI 1edrigRMER1IHEREBY, ©
filed May 7, 200 the entire contents of which is hereby incorporated by

this ref dRNREWEB3-4 | pur poses. 25 [0092] The renote m crowave plasma
system 55 can produce a plasma for selected applications, such as chanber
ci eani ng 899 é!rb%h?fgﬂwaéin%m&wtdéow) the si}igRneconagHREPISFY5eass and the hydroxyl-

containing precursors may travel through separate supply lines to a gas distribution plate in

20  order to prevent them from reacting prematurely before reaching the substrate. As example
of the dual channel supply line and showerhead design is described in co-assigned U.S.
Patent No. 6,624,091, titled "METHODS OF FORMING GAP FILL AND LAYERS
FORMED THEREBY," filed May 7, 2001, the entire contents of which is hereby

incorporated by this reference for all purposes.

25  [0092] The remote microwave plasma system 55 can produce a plasma for selected
applications, such as chamber cleaning or etching native oxide or residue from a process
wafer. Plasma species produced in the remote plasma system 55 from precursors supplied
via the input line 57 are sent via the conduit 47 for dispersion through the plate 20 to the
vacuum chamber 15. Precursor gases for a cleaning application may include fluorine,

30 chlorine, and other reactive elements. The remote microwave plasma system 55 also may be
adapted to deposit plasma-enhanced CVD films by selecting appropriate deposition precursor

gases for use in the remote microwave plasma system 55.
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waf er. Plasma species produced in the renote plasma system 55 from
precursors supplied via the input line 57 are sent via the conduit 47 for
di spersion through the plate 20 to the vacuum chanber 15. Precursor gases
for a cleaning application may include fluorine, 30 chlorine, and other
reactive elenents. The renote m crowave plasma system 55 al so may be
adapted to deposit plasnma-enhanced CVD filns by sel ecting appropriate
deposition precursor gases for use in the renote mcrowave plasnma system

55. 21 [q&ﬂ)%! Tfﬂﬂgy %Mﬁéo‘ﬁ%l@é?% 1Bhtk R actBiteOMd PeutiRg bhrdinbleRorancipogHG | Ng

paraneters o eposition system The processor 50 executes system
control spitemaFes pf§€R§FPTéQ CHEHERBYALET CRITOhPosiare Sthet 3 CRMRUIRERTEF 70 coupl ed

to the PrRE&SH A mertdry PO @&f_?ie%% Yhe prit@sd¥e I D’reFe@an@Yhehﬁerﬁoﬁaﬁ’OdnayCBesakhaﬁk Ive,

but of course the nenor may be ot her kinds of menory, such as read-only
5 menory 9K drivedpt ﬂ%ﬁ?ﬁW the, ‘He%‘lféi i7P sy beothsr kigdgofmanoryy %“\9% aygadronly ppppr y

70), the s Mdry amﬁ;h%tdﬁﬁ)rﬁomdad&oﬂ&@iEarraaﬂkaﬂb@@lgmﬂémmpaby%sc‘aofIoppy di sk
drive and a card rack shown 0094 The mess r 50 operates

accor di ngPeasetes L B rr ’fr? ?mg%lf‘f‘ ﬂ’épudﬁ’ﬁ‘ APRYfH € and p gardgacki QY it j ons
t hat di ctshéwen)t he tim ng, m xture of gases, chanber pressure, chanmber 10
tenperature, m crowave power |evels, susceptor position, and ot her

par anet ereosai The ﬁ%éésk&wb&ibera% @eoascﬁng fotshgem contml seftw4re Ogiiainhchidesse8s t hose

stored on .ot her i ncludin k or anot her
conput er % F’SEP%WP%%E%B te; Jﬁ% gd’n}’ﬁ%‘rﬁog g’pﬁli’ai“g’gr%’es%‘?%ég Sba?bpr opriate
drive maympdraorepmicuses etpowepleves, eustcls‘(ﬂormo@meﬁ,md ofer pnametnfsmgwpemt:hier CvD
system 10 int ¢ arrl ous, ergara%ugcha%&owgh ro%%ssl%rcluﬁn as a card
rack (notP"ERSwm) "THITPEShY PSS R oar corrpu i 15@ and di gi t al
i nput / outeparhplboafiappy disktoe afcioe cbmautdspragrdmair@plpelmsmﬂm a dxsh tiried draxthepoar ds.

vari ous g%gmgg \c}\% ng\"?}sﬁ%é 4§ té’s@géfrgcar Oﬂ?b&?so? 85 tové‘ornﬁgnﬁ%ﬂcﬁgeg(r:v?‘gi sgg&ﬂpea”

(VME) I'nes boar cage, and co nsi ons and
t ypes. TH@IMN’Ean@tSanmmtdS al so defines the bus structure having a 16-bit data
bus and 24-bit address bus. 20 100961 Fig. 10Cis a sinplified diagramof a
user liSnt d0993t &h¢ procesbertS0das & oard mack Ovad shoyprarthat gentainh a sipgle-teard cpmpuEyD

appar at usm;lg%? %u %pgog%cgm;mg iRferBceBobids GARANGr ﬁlxt%fr eRrolBdRER MY be

transferred r to another for additional processing. In sone
cases the a\mﬂw@sa}f thet (AR system &0 conferat oy Werse ModulasEwrepsand VA, The

interfac %taﬁ@ér&%ibh%leﬁﬁ@srboaﬁn Ehrl @% ePERIGBARR or dfindtkBnéa &orht efeg3a and a
| i ght pen 73b. mai nfrane unit provi des electri pl unbi ng, and

ot her suppBfard P’tﬁﬂ 8efings ghorbys S‘t"\“fé“@%)’“a&)b 3B daa bus and 24-it addrdos bus

20  [0096] Fig. 10C is a simplified diagram of a user interface in relation to the CVD apparatus
chamber 30. The CVD apparatus 10 includes one chamber of a multichamber system.
Wafers may be transferred from one chamber to another for additional processing. In some
cases the wafers are transferred under vacuum or a selected gas. The interface between a user
and the processor is via a CRT monitor 73a and a light pen 73b. A mainframe unit 75

25  provides electrical, plumbing, and other support functions for the CVD apparatus 10,
Exemplary mainframe units compatible with the illustrative embodiment of the CVD
apparatus are currently commercially available as the PRECISION 5000™, the CENTURA
5200™, and the PRODUCER SE™ systems from APPLIED MATERIALS, INC. of Santa

Clara, California.

30 [0097] In the preferred embodiment two monitors 73a are used, one mounted in the clean
room wall 71 for the operators, and the other behind the wall 72 for the service technicians.

Both monitors 73a simultaneously display the same information, but only one light pen 73b is
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Exempl ary mainframe units conpatible with the illustrative enbodi nent of the
CVD apparatus are currently commercially avail able as the PRECI SI ON 5000TH,
the CENTURA 5200'M and the PRODUCER SETM systens from APPLI ED MATERI ALS,
INC. of Santa Clara, California. 30 [00971 In the preferred enbodi ment two
nmonitors 73a are used, one nounted in the clean roomwall 71 for the
operators, and the other behind the wall 72 for the service technicians.
Both nmonitors 73a sinultaneously display the sanme infornmation, but only one
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parti cul 4ipo§thegsn e sqlemePpigulat Wéeeaﬁéﬁ%i‘?%?n fltﬁlfé’ﬁ@éoré‘“ﬂé%sl affeaieByed ar ea of

the di splagy &memla@rsdre&u&m@sﬁmhéownm Bn &2 Jeh @319€'Dhe7t3@chema&afcﬁ&fg9§ﬁs area
changes its.  h hllghted color, or a. new nenu é‘. screen is. d|s

conf i rmi Mephlightrd Felesa ey HREVHBERL R SCEPeR Fféil‘fﬂlad’ﬁ? BRITUR CQRBUY Y g&‘? S?een of
course, akdugiht gawarﬁeﬁe dlﬁﬂi}hso@éénadfeytbﬁlﬂbﬂier mmg,suaras aqzebecrarmmm g Or

conmuni cat.i on .devi ce, ed inst iLt.j.on t | i ght

en 73b PYEPYEE oot SRRk e el g b eabifl e Pobgly g 100
i || ust r atpes 7zb gaiiewahe weetowosxmunicagrwigntbe gfowessér. of a gas supply panel 80
that may supply precursors to the CVD apparatus 10 at another | ocation
(e.qg., al[6098aRig dxmx)llustreites aﬁgendiai;cme\d oﬁhombodhxhentﬁ‘f/ﬁ)gsyﬁppﬂmpiﬁhli8t)cI udes a

chanber a heat er n an inlet
t ube 43 gftfgc'imay S‘cl)pr%’ﬁ?rec‘ﬁors Bererm?p r#u cgo\%/ga\l/neoaler Pocaéoné% Cﬁaa& OI;[El)t h i nput
l'ine 197. Aslisvessed alrmod, thb OV systea Ij,asclndeslarvgalbber 127’@&1 ashefater 25, gesng and

) oot T N G5R93L 5) P AHRTorR bl G0 495 £ 34l 43LIATCABR CRSRAN 0Ugh 1 he

i nl et ocessing C 1 The renote mcrowave
pl asma symsemSB‘ﬁem §5 mt&legruahhg/ﬂ o@amentloaﬂ@lahma,rtbegmbmkm@bphéﬁ sHfanber 15
wth the ' t apgher @rdBe ugahe val ve 280
and the é%gﬁgl%{l Hlé cnﬁgmé% gltlufg?é‘%g%ﬁa %&eéagﬁég%c E@rg}bgea}ésis d;l\l/I?c Fl%vvavte

gener at ortube4d, to thsnspressing ghembenky cat al ytic water vapor generation unit 117

may be |ocated renmote fromthe process chanber in the clean room Supply
| i nesl583 (B9 Bbe remeity MisowaRYS pbqamplsystmﬁéls igigerzlly [pcered ard mewnted kedews thee, g.

reactive cﬁﬁﬁse%hsfv@thttﬂ@c&aﬁuwe&m ubaﬁm slde thoShAA%r $5/RPhY gRaRSle 88b i ncl udes
lines from ui d_sources 5 provi de the precursors for a

sel ect ed anagﬁfaa&aﬁ%boxr%?é @a%te%alr?pfme;faﬁéberéé asroyais sansEtadyldPem 93 t hat

m xes selRetatst 1985508 cadBti0 atek b béheh{ﬂi%n 4a® 1 m b ge RRated Fednotd from ke
enbodi ments, gas m xing system93 includes a liquid injection systemfor

vapor i zi MPE0amRer ip #&Lﬁlq&g TOqR| DRAPRGneS B3 a8 Tispm dhegas gupply panel 80

20  provide precursors (e.g., reactive gases) to the gas supply line 43. The gas supply panel 80
includes lines from gas or liquid sources 90 that provide the precursors for a selected
application. The gas supply panel 80 has a mixing system 93 that mixes selected gases
before flow to the gas mixing box 273. In some embodiments, gas mixing system 93
includes a liquid injection system for vaporizing reactant liquids including silicon-containing

25  precursors such as tetrammethylorthosilicate ("TMOS"), tetracthylorthosilicate ("TEOS"),
octamethyltetrasiloxane (OMTS), octamethylcyclotetrasiloxane (OMCTS),
tetramethylcyclotetrasiloxane (TOMCATYS), catalytically generated water vapor that may be
diluted in a carrier gas, and hydrogen peroxide, and dopants such as triethylborate ("TEB"),
triethylphosphate ("TEPO") and diborane (B,Hs). Vapor from the liquids is usually

30 combined with a carrier gas, such as helium. Supply lines for the process gases may include
(i) shut-off valves 95 that can be used to automatically or manually shut off the flow of
process gas into line 85 or line 57, and (ii) liquid flow meters (LFM) 100 or other types of

controllers that measure the flow of gas or liquid through the supply lines.
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25 precursors such as tetramrethylorthosilicate ("TMOS"),
tetraethylorthosilicate ("TECS'), octanethyltetrasiloxane (OMIS),

oct anmet hyl cycl ot etrasi | oxane (OMCTS), tetranethylcyclotetrasil oxane
(TOMCATS), catalytically generated water vapor that may be diluted in a
carrier gas, and hydrogen peroxide, and dopants such as triethyl borate
("TEB"), triethylphosphate ("TEPO') and di borane (B2H6). Vapor fromthe
liquids is usually 30 conbined with a carrier gas, such as helium Supply

l'i nes for[otdoppremugamﬁmmcmﬁEq@@s dsiaksilZBA Souéd m¥pbe@sd Yhigaat can be
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with the reac ant gases from he gas delivery line 85 near or in the

chanber . 9@ $6& 1s'at51m319~1edsscﬁe%@ig giagr%ql maévﬁtdla&fsn&,%%sﬁémﬁmd0pant s,
silicon, ygen al so may be use 01011 F a si i ed
schemat i @emsagng@md@flasarm@mw@s? vith amberdiments oEthe preserd épysatiqn; Sgh@ thele | ayers

in accor qﬁp&&umw bEHRAY BBJALS sifforf HEISHIRS Sl HM@Béde?i&ally\Bé Lﬁphweo

appar at us be used to deposit silicon oxide al s
benefi ci amg% %ém&}jlﬁﬁl%r @@ed§illﬁ@r glagsrfilmg) svflpqlSéDor%rghefpheﬁb%e §1P$S| con gl ass

filnes s c@pm)%mgﬁpﬁegmbs (€P$@”)gbcresilich dlasBeHEIG”), Rhasincnlgaat e gl ass
("PSG"), §§[ps I i cat, ass ("BSG'), arsenic-silicon glass ("AsSG'), or
simlar fl“f‘ P deposi tion appar atus 400 conprises oOXi di zi ng gas

source 41 atal.ytic [ va eratlon unit for sup .ying the
catal yti c!gqu%}%@&@a% W’?F“S §BB?“‘ 1575 PR ‘fZP’ﬁlgds s%‘fﬁ‘ﬂtqul a&ﬁf‘l‘%‘ﬁ th vacuum
chanber Lﬁtérham@hn@a&mmnm fogsupplying e cafdRicalky g’dnztaf@ vgas xaﬁor&tm i€ fudl6 may
contai n ox .ozone ( and m s qf ases,
Song. ot REPIERICANT Vg G Piber ISPt e Wiy Bk SORSEE Theetinedioun t ey
be caipl edurte41Gmay amsalmbxjgyd (@Qﬁo‘koﬂe‘l(ﬁhmmeﬂ)gaﬁd tnhaiirego &thesatgadeyt i cal | y
convert ec.'!m{ong 8thterh gxﬁﬁ%t E gases &PPhe ca%%ytlc water vapor generation unit may be coupled to

sources of hydrogen and oxygen gas that are catalytically converted into the water vapor, as

well as carrier gas (e.g., N2, He, mixtures thereof, efc.) to dilute, cool, and/or transport the

H,, O; and catalytically generated water vapor to and from the unit 417.

25  [0103] Carrier gas source 410, silicon-containing gas source 411, first dopant gas (e.g.,
TEPO) source 412, and second dopant gas (e.g., TEB) source 413 are in fluid communication
with vacuum chamber 15 through select valve 414 gas mixing system 93, and gas mixing box
273. Select valve 414 is selectively operable to shunt silicon- and dopant-containing gases
such as TEOS vapor through divert line 402 to forcline 408 of chamber exhaust system 88,

30 thereby circumventing vacuum chamber 15 entirely. Select valve 414 and divert line 402

allow the flow of silicon-containing gas to stabilize prior to its being routed to the vacuum
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well as carrier gas (e.g., N2, He, mxtures thereof, etc.) to dilute, cool,
and/or transport the H2, 02 and catalytically generated water vapor to and
fromthe unit 417. 25 [01031 Carrier gas source 410, silicon-containing gas
source 411, first dopant gas (e.g., TEPO source 412, and second dopant gas
(e.g., TEB) source 413 are in fluid comunication wth vacuum chanber 15

t hrough sel ect valve 414 gas m xi ng system 93, and gas m xi ng box 273.

Sel ect valve 414 is selectively operable to shunt silicon- and

dopant - ¢ QRLARb Rk ELNUASRS an S4AE C3D IR a¥@R@inct Wit BmBbdigicht dfitReprdfddt t O
foreline 408 of chanber exhaust system 88, 30 thereby circunventing vacuum
chanber 18v8HM-rely. Select valve 414 and divert line 402 allow the flow of
silicon-containing gas to stabilize prior to its being routed to the vacuum

24 chanbdP104h As gated Abeveathe systees angmatads of the iveplifdneelig brimplesttsddi nent of
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for aldl pontoutsefbotl PatOB} bikhg h@ebmiawxbmvedbs r@fexcmvpfbealbpldm&i ption of

speci fic enbodi ments of the present invention, various nodifications,
vari at i or{8105Néhikltheaboat is\eedmpicye dacriptioh oy gebcifitlembodatentsef ﬂ@rﬂmcﬁdhtrrent s of

process rﬁ enHS o RGERAARNGS %&a‘ﬁoﬁi‘?mfaﬁ%fn%mes'xﬂ%&g% ngﬂ gfeﬁ“ ‘i’teﬁﬁ &e for

flow ng t ’i'con-cont’al ni ng conpon the
suf fici erﬁtnibpdimegh of pracessirecisesdp peserdapest withthe Qrea¢11t OWeRtinn Wb’d@ﬂ@fgas es to be

intr Oduc%vghé &€ ko -BdRaihide cGHASHRES of tHd ﬁrbé@é§ gasdidw RlalshfHcidnbid WighiiNighisi on
phase. 101061 Moreover, other techniques for varying the parameters of

deposht i cnesmtralpnge ipliew the\nspcescpsesdo Bé indiednesyd éHC‘Ft’fY le@ﬁ}l%ﬁmb@h Wiihew t he

vari at i onlifitigIGRwERt &sioh Rasef the process gas flow conponents described so
far. Exanples of other possible paraneters to be varied include but 20 are

not |'i m t8fhe] Mdrlifet, BIREIBAME R Wr VIBRASthE pRAAmetbRRREFI RGNS M o£l@PRFeL | ON,

and the flow rate of processing gases containing dopants such as arsenic
(As), borcehld(bs)empéﬂarad BHOSPRETGU¥ILE tby variatign maowrg?a@%@faﬁ gece 2oufleks s

provi ded,cohdpohchtstiRe@bell 8@ fhr t BRAMBACIT okHet GBI pachnYeddrl & bd Wried include but
20  are not limited to the temperature of deposition, the pressure of deposition, and the flow rate

of processing gases containing dopants such as arsenic (As), boron (B), and phosphorous (P).

[0107] Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically disclosed. Each smaller range

25  between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within the invention. The upper and
lower limits of these smaller ranges may independently be included or excluded in the range,
and each range where either, neither or both limits are included in the smaller ranges is also
encompassed within the invention, subject to any specifically excluded limit in the stated

30 range. Where the stated range includes one or both of the limits, ranges excluding either or

both of those included limits are also included in the invention.
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the tenth of the unit of the lower limt unless the context clearly dictates
ot herwi se, between the upper and lower |imts of that range is al so
specifically disclosed. Each smaller range 25 between any stated val ue or
intervening value in a stated range and any other stated or intervening
value in that stated range is enconpassed within the invention. The upper
and lower |limts of these snmaller ranges may i ndependently be included or
excluded in the range, and each range where either, neither or both linmts

are incl yorg) i \stiss 5i8h bRA in tBOGHended BHid theeﬂggmmmd-aw"mn Narldi*ehe”
i nvention, subject %o any specifically exclud limt_jn the stated 30
range. \/\Wéﬁhéietﬂligals"? featF unlasy treicarpxfgliarty distatss ofhsrwise Thuselor exgmprie, anges
excl udi nge@teh&etb "@broc&@t hchided ISRy T Istchafodesdth bsd RfGerk 0 theicl uded in the
i nvention. q(# 6% used herein and in the qg end%8 cla.ék t he singul ar
forms " 'Prewrasﬂ jinclugeq refpigRoe to ORG. PR FYre BFSGPTP™ ARY & fhFEe "t"ﬁ’«? Ront ext
cl ear lsy dmﬁéamﬂaimmhemMMﬁﬁsoﬁhMS for exanple, reference to "a process”
includes a plurality of such processes and reference to "the precursor”
i ncl udes [oxE0Opr esngettteoﬂaﬂe"oampﬁw 'E"cpfn@ﬁslﬁg,bl'lﬁclaﬂbj" Bﬂﬂhd&ﬂg eaid"ihdhedes’'0f known
to 5 those ski l in.t. fort wor ds
"conpri sey et 'uﬁ%ir}‘pqus ‘fpﬁ&l, 1'cat"olnna(k:1 llﬂzl%le ?Ch ! {1]%1 afe m en%edst %ﬁr}ﬁ the: when used
in this ypmendeiof sthicd ficanmes, lnnegefsecdrmdneuos g stepsa butstheyr do mmtpe:mtiﬂd theo specify
the presg f e r but they
do not pfp Fl?cﬁ%r g %&lﬁ%n (%eoél g%%:}éo%rdt% gga[ggg; §nIctffg%psrrpo%o‘? Or}l%r%‘fb' eS? %P%% atures,
|nteQ%rs conponents, steps, or groups. 10 26 WHAT | S CLAINED IS 11. A
chemical vapor deposition nmethod for formng a dielectric nmaterial 2 in a
trench fornmed on a substrate, the method conprising: 3 generating water
vapor by contacting hydrogen gas and oxygen gas with a 4 water vapor
generation catalyst, and providing the water vapor to a process chanber; 5
flowng a silicon-containing precursor into the process chanber housing the
6 substrate; 7 flowing an oxidizing gas into the chanber; and 8 causing a
reacti on between the silicon-containing precursor, the oxidizing gas 9 and
the water vapor to formthe dielectric material in the trench; and 10
increasing over tine a ratio of the silicon-containing precursor to the
oxi di zi ng
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Il gas flowed into the chanber to alter a rate of deposition of the
dielectric material. 1 2. The chem cal vapor deposition nethod of claim1,
wherein the water 2 vapor generation catal yst conprises platinum 1 3. The
chem cal vapor deposition nmethod of claim1l, wherein the nethod 2 conprises
diluting the water vapor with a carrier gas before providing the water vapor
to the 3 process chanber. 1 4. The chem cal vapor deposition nethod of
claim3, wherein the water 2 vapor is diluted in a carrier gas to a

concent r 3t ;Q% 19fcr ARfED f@n about 250 torn partial pressure 3 before being
provi ded 1o the process chanber. 1 5. The chem cal vapor deposition nethod
of claim3, wherein the ter 2 vapor is provjded in a.@gerer as to the

proceds chanber atla flofh§aca vgporgsperitiongashedfostormgs dglggic pagnaly, o
chem cal iyapedchdededioni asibstiatd) @ mdthad cdhiprisingwherein the carrier 2 gas
conpri,ses an inert %PSV 1 7, The henic?l Fqﬁor degoiition met hgd of cl aim
6, whérein the carBERINS WaSE VRORBY FURICHRR PYCHOReR 833 and Sy esn g W2 choni cal
vapor 4depasdrtvapon gemdrativg cafalyst, andprbyididgahiew stet VaponetahookesPchaoibpr, i ses

adj ust.ing a tenpergture af.th dr ogen_gas. X range of
2bout >3 20 1 o abolevEgach Mgt RnBaRE AL~ s BV AS IR bl 00° o
cl ai mé8, substatei n the nethod 2 conprises adjusting the tenperature of the

hydrogen gas and o . ! 4+ The chem cal vapor
depos?ti on et hod g?‘g{gg&g%§lf?%ﬁ%§ﬁ%%%%ga%%ﬁr#%& 2 conprises adjusting a
t enpeBat ure of t hecanainge reagpon between thasijeonedontirong preQO®rt the akidizingag00C. 1

L T2 HETICHeraRRo AERRL LABRTINA) Ankall ol wherei n the 2 et hod

conprises adjusting the tenperature o 1e hydrogen gas and oxygen gas to
aboutl0 3 350C. 1 1mCregsing eyes e rajapiche siignwstontagnngiarieetsepr e thejoxidiging

wher giin theadRLdia the clERBRE ioSfRr 4 e SFRIBHIIHioR\6? theldidlBetdc maleki@. Of the
silicon-containing precursor to the water vapor 3 flowing into the chanber.

1 13.,The chem cal )vapo, dGROSkH20r HRL00%h AbnSh 3 Hhit 1, WL fhe WaG T O

2 vapor generation catalyst comprises platinum.

1 3. The chemical vapor deposition method of claim 1, wherein the method
2 comprises diluting the water vapor with a carrier gas before providing the water vapor to the

3 process chamber.

1 4. The chemical vapor deposition method of claim 3, wherein the water
2 vapor is diluted in a carrier gas to a concentration of less than about 250 torr partial pressure

3  Dbefore being provided to the process chamber.

1 3. The chemical vapor deposition method of claim 3, wherein the water
2 vapor is provided in a carrier gas to the process chamber at a flow rate of about 5000 to
3 15000 sccm.

1 6. The chemical vapor deposition method of claim 3, wherein the carrier

2 gas comprises an inert gas.

7. The chemical vapor deposition method of claim 6, wherein the carrier

2 gas comprises nitrogen gas.
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2 further conprises providing hydrogen peroxide to the process chanber. 1
14. The chem cal vapor deposition nethod of claiml1l, wherein the nethod 2
conprises annealing the dielectric material in the trench at a tenperature
of about 800C to 3 about 1400C. 1 15. The chemi cal vapor deposition nethod
of claim1, wherein the 2 dielectric material is forned in the trench at
about 400C to about 600C. 1 16. The chem cal vapor deposition nethod of
claim1, wherein the silicon- 2 containing precursor conprises silane,

di met hyl sil ane, trinmethylsilane, tetranethylsilane, 3 diethylsilane,

t et ramet hyl ort hosi §.i catEhe(chbfhl vapsi de@eglﬁyd BEthbO6f dlhifat, evhetenOhE mettbd

octa hyl t et.r asi | oxan th cIotetraS| oxa S), 5
Lot r artet TS UL By PORHON(of QLTS B ML BT BER I5ch BBF: PYY  The
chem gal 50aparabdeq®9fC.i on nmet hod of claim 1, wherein the 2 oxidizing gas
conprises 02, 03, NO NO2 or mxtures thereof. 28 1 18. The chem cal vapor

deposijti on nethod ¢f C'ﬂierEhlnuc p@% &Efwﬁorﬂﬁ%th@@of&almﬁe%thfemmoﬁg a
dopant precursor into the chanb he chem cal vapor deposition

net hod ofcowprasema@ustméh%ﬁeﬁlpﬁrﬁ@r%fﬁ%bydr@geﬁ@&ngrﬂ? ghout 339°6t hy| bor at e
(TEB), triethyl phosphate (TEPO or diborane. 1 20. A chem cal vapor
deposiiti on net hod f@r fDiedhemicdi ﬁpef:didrpbsiudnamemsd oﬁclam P mkaﬁ ﬁﬁmthddhe

e e R B S T W

wat er 3vapoo°d.o a chanmber housing the 5 substrate; 6 prOV|d|ng a
silicon-containing precursor, an oxidizing processing gas, and the 7 water

vapor jto the chanmbey, W&fe&éah@ap%fﬁép%ﬁﬁo&ﬁ%@&Bfaginpf@%'él%ﬁft’hethe
OX|d|2|ng 8 processing gas, and the water vapor react to forma first

di el e@t r imecthagycompgsestaivsansibe fegtpérange ohthg hydogspegas pndyexygeR g3ste abgutt he
silicgn-gagpt@i ning precursor to the oxidizing 10 processing gas flowed into
the chanber to alter a deposition rate of the first dielectric layer; 11

and 12 di sconti nui fl.ow. of the. wat. vapor to h d
formng a 13 second d| e echterrniw@iY??re(rie%)ﬂ??rh f"rig{q ie % 3¢ e??“? ayeg%{a wherein

t he sécordmgtigds ératreasing loagraime sratid 4f the sitieoh-vertdiniog ptelqerswatb ¢lre waprovapor

3  flowing into the chamber.

1 13. The chemical vapor deposition method of claim 1, wherein the method

2  further comprises providing hydrogen peroxide to the process chamber.

1 14. The chemical vapor deposition method of claim 1, wherein the method
2 comprises annealing the dielectric material in the trench at a temperature of about 800°C to
3 about 1400°C.

1 15. The chemical vapor deposition method of claim 1, wherein the

[\

dielectric material is formed in the trench at about 400°C to about 600°C.

16. The chemical vapor deposition method of claim 1, wherein the siticon-
containing precursor comprises silane, dimethylsilane, trimethylsilane, tetramethylsilane,
diethylsilane, tetramethylorthosilicate (TMOS), tetracthylorthosilicate (TEOS),
octamethyltetrasiloxane (OMTS), octamethylcyclotetrasiloxane (OMCTS),

b W N =

tetramethylcyclotetrasiloxane (TOMCATS), or mixtures thereof.

—

17. The chemical vapor deposition method of claim 1, wherein the

2 oxidizing gas comprises O3, O3, NO, NO; or mixtures thereof.
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1 21. The chem cal vapor deposition nmethod of claim 20, wherein the silicon
2 precursor conprises tetraethylorthosilicate (TEQCS) and the oxidi zi ng
processi ng gas 3 conprises ozone (03). 1 22. The chem cal vapor deposition
met hod of claim 20, wherein varying 2 the ratio of the silicon-containing
precursor to the oxidizing processing gas conprises 3 increasing a flowrate
of the silicon-containing precursor relative to a flowrate of the 4

oxi di zing processing gas. 1 23. A substrate processing apparatus conprising:
2 a substrate support configured to support a substrate within a processing
3 chanber; 4 a gasiglel imqheﬁﬁmtﬁpoﬁmbklgwmdthbmofﬂaiai V,evirein the method

sili cgn- cont ai n| ng,t“%ee ur sor, rsor1n§0t?1x i.ng processi ng gas, and water
vapor and deI' &P P5 tpn%uprocessl fanber; 29 6 a water vapor
generator that provides the wat er vapor to t he gas delivery 7 system

wher eiln the general®r cHrshienicsl wanendepogition mathed pf Jalige bovherwn thedepansapor by
froma %rwuﬁbyt&nﬁsemeths)%fmg@%mrtttesaynpg@@ha@%nsm%r%&rﬁent roller

configured to control the gas delivery system and the substrate 10 support,
wherelln t he controé | roduces t({te S| n ai ni (ﬂlgrecgrsor t he
wnter Vapor (11 andds herduraisl RheisRedtan RgREE” ripthe HeBiFE HdSsh sohanber
to form a;ubﬁnateeﬂkmimdda:pmpnmngt he 12 substrate, and alter the position of
Lhe substrate SuppoaLl.f Sk daldf Safed ) engdRe HOALYS! oo 8 cftxygen%%»@mng the

deposition of the &f C essi ng apparat us
of cl di mw8r vabmrgeneratidnecatadyst, and prviding thawates vapeetocothember ousiop thef  t he
siIicgn-gB&%QEning precursor to the oxidizing processing gas 3 over tine
during the epbsltlon of the dielectric |layer on the substrate, as the
silicdn- 4 cont ai npreyidingerulieonrcogtamningpreensiorleFidizing progrssing ges andide chanber .

1 25. 7Thewa%+bv§%&% theRhARES S Ieif RIRAS loH T ofthinfil g SBudsdr, thdSiGigt he control | er
2 noves the substrate support closer to t he gas dellver system during the

deposi® i cﬂ‘io‘iﬁﬁsutgn%aseanélﬂéq ‘é%tf’rrYaé’O‘l gy to |arftfftéiéf§‘°é7tré° ]&éifc?élltt“i BRstFaEe for the
dielectric |ayer. ﬁng J&emﬁ&bsatlba,tme@nﬁsﬁs&ttagmgm%ﬁ@bm B oxGdiging 23,
wherein the gas 2 %[9 g y tem conprises se aratF I}{ els tq deliver the
si i c@h- JBPRESNTE g figred it FrRber o ¢lifE 2 deRasitiop zip Pt the lebﬁctﬂfé@sr’ng
chanb@r. ahd27. The subst rat e processing apparatus of claim 23, wherein the
sil Cl%n discontinuing the flow of the water vapor into the chamber and forming a

13 second dielectric layer on the first dielectric layer, wherein the second dielectric layer is

14  formed without the water vapor.

1 21. The chemical vapor deposition method of claim 20, wherein the silicon
2 precursor comprises tetracthylorthosilicate (TEOS) and the oxidizing processing gas

3 comprises ozone (O3).

1 22. The chemical vapor deposition method of claim 20, wherein varying
2 the ratio of the silicon-containing precursor to the oxidizing processing gas comprises

3 increasing a flow rate of the silicon-containing precursor relative to a flow rate of the

4  oxidizing processing gas.

1 23. A substrate processing apparatus comprising:

2 a substrate support configured to support a substrate within a processing

3 chamber;

4 a gas delivery system configured to receive a silicon-containing precursor, an
5  oxidizing processing gas, and water vapor and deliver them to the processing chamber;
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2 containing precursor conprises tetraethylorthosilicate (TECS), and the
oxi di zi ng processing 3 gas conprises ozone. 1 28. The substrate processing
apparatus of claim 23, wherein the catalyst 2 conprises platinum 30

a water vapor generator that provides the water vapor to the gas delivery
system, wherein the generator comprises a catalyst that produces the water vapor by from a

mixture of hydrogen gas and oxygen gas; and

ol S =

a controller configured to control the gas delivery system and the substrate
10  support, wherein the controller introduces the silicon-containing precursor, the water vapor
11 and the oxidizing processing gas into the processor chamber to form a dielectric layer on the
12 substrate, and alter the position of the substrate support relative to the gas delivery system

13 during the deposition of the dielectric layer.

1 24. The substrate processing apparatus of claim 23, wherein the controller
2  varies the concentration of the silicon-containing precursor to the oxidizing processing gas

3 over time during the deposition of the dielectric layer on the substrate, as the silicon-

4  containing precursor gas is continuously flowed into the chamber.

1 25. The substrate processing apparatus of claim 23, wherein the controller

2 moves the substrate support closer to the gas delivery system during the deposition of the

3 dielectric layer to increase a deposition rate for the dielectric layer.

1 26. The substrate processing apparatus of claim 23, wherein the gas
2 delivery system comprises separate channels to deliver the silicon-containing precursor and

3 the water vapor to the processing chamber.

1 27. The substrate processing apparatus of claim 23, wherein the silicon-
2  containing precursor comprises tetracthylorthosilicate (TEOS), and the oxidizing processing

gas comprises ozone,

1 28. The substrate processing apparatus of claim 23, wherein the catalyst

2  comprises platinum,
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