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FLOMBLE CVD PROCESS BACKGROUND OF THE I NVENTION Field of the Invention
pool ] The wowventdsen23rel ates to a nethod for processing seostusatiesss4erch as
sem conductor wafers, and nore particularly, to a nethod for wet oxidizing
a dielectric material disposed on a substrate. Description of the Rel ated
Art Loon] Reliably producing sub-half mcron and snmaller features is one of
t he key technol ogies for the next generation of very large scale
integration (VLSI) and ultra | arge-scale integration (ULSI) of

seni conduct or dWBTCOXIDABIN BROCESS IPERHORMEDcﬁNiA\DH@#E@HRIICci rcuit

technol ogy are p | ects in VLS
and ULSI technol ogy al\'?ﬁe'r]??gig@(?] |ona enanggooélﬁgpggggm ng
capabilities. | ntegrated circuits may i nclude nore than one mllion

m cro- el stors (e.g., conplenentary

nmet al - oxi v el d effect transistors) that are forned
on a subsRiekit ¢f the lgventiomTi conductor waf er) and cooperate to performvarious
functions within the circuit. Reliable formtion of th attern and
Shal | ow dPEALh | Ui RVERTT 7UESr0f dRENaR 4O RistrsSRe SBsTAERgPATLES Ci r cui t s

success afthitshdubRr oareis sl eddrerparticulamc rteas emeihbaUiok wienexitivingnd qual ity
of individual substrates and die. In order to achieve greater circuit

density, fejectinmptenal dispeseden psibsiFaiesi ze be reduced, but the size of
I sol ation structures between devices nust be reduced as well. [0003] Current

I sol ation_techni ques include shallow trench isolation (STI)
Description of the Related Art

[0002] Reliably producing sub-half micron and smaller features is one of the key
technologies for the next generation of very large scale integration (VLSI) and ultra
large-scale integration (ULSI) of semiconductor devices. However, as the limits of
integrated circuit technology are pushed, the shrinking dimensions of interconnects in
VLSI and ULSI technology have placed additional demands on processing
capabilities. Integrated circuits may include more than one million micro-electronic
field effect transistors (e.g., complementary metal-oxide-semiconductor (CMOS)
field effect transistors) that are formed on a substrate (e.g., semiconductor wafer)
and cooperate to perform various functions within the circuit. Reliable formation of
the gate pattern and shallow trench isolation (STI) regions are important to
integrated circuits success and to the continued effort to increase circuit density and
quality of individual substrates and die. In order to achieve greater circuit density,
not only must device feature size be reduced, but the size of isolation structures
between devices must be reduced as well.

[0003] Current isolation techniques include shallow trench isolation (STI)
processes. STI processes include first etching a trench having a predetermined
width and depth into a substrate. The trench is then filled with a layer of dielectric
material. The dielectric material is then planarized by, for example, chemical-
mechanical polishing (CMP) process.

[0004] As the width of trenches continues to shrink, the aspect ratio (depth
divided by width) continues to grow. One challenge regarding the manufacture of



processes. STl processes include first etching a trench having a

predeterm ned width and depth into a substrate. The trench is then filled
with a | ayeroofosdizel ectric material. The diel ectric nat @ciraiS2019/0533en

pl anari zed by, for exanple, chem cal -nmechanical polishing (CWP) process.

[ 0004] As the wdth of trenches continues to shrink, the aspect ratio (depth
di vided by width) continues to grow. One chall enge regardi ng the

manuf acture of high aspect ratio trenches is avoiding the formation of

voi ds during the deposition of dielectric material in the trenches.
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[0007] In another example, high aspect ratio processes (HARP) may be used to
form the dielectric material. These processes include depositing the dielectric
material at different rates during different stages of the deposition process. A lower
deposition rate may be used to form a more conformal dielectric layer in the trench,
and a higher deposition rate may be used to form a bulk dielectric layer above the
trench. However, HARP processes often have low throughput, which results in high
manufacturing cost.
[0008] Therefore, a need exists for improvements in processes and apparatus

for producing high aspect ratio isolation structures.

SUMMARY OF THE INVENTION
[0009] Embodiments of this invention describe a process of forming an oxidized

dielectric material on a substrate. The process provides substantially void-free or
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for producing high aspect ratio isolation structures. SUMVARY OF THE

| NVENTI ON [ 0009] Enbodi nents of this invention describe a process of

form ng awmoariidiszed diel ectric material on a substrate. PChAISPIOOESIS2

provi des substantially void-free or seamfree gap filling of trenches with
the oxidized dielectric material. The process may be utilized to forma
variety of insulating structures and devices. For exanple, the process nmay
be used in form ng shallow trench isolation (STI) devices and interl evel
insul ating |ayers, anong other structures. In one enbodi nent, a method of
f or mi ng ®eaowirek gapl fitihg [of trenchesnwitte theadxidired dislgedia materiahc Thel@sodese mi ng a
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silicon gretahditatd | ayer with silicon oxygen bonds and form ng an oxidi zed
silicon containing | on the substrate, yet anot her. enbodi nent,

a
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on t he sudiEbnatteogen or silicon hydrogen bonds in the silicon contalnlng layer wnth silicon
oxygen bonds, and forming an oxidized silicon containing layer on the substrate.
[0011] In yet another embodiment, a method of forming an oxidized dielectric
material on a substrate includes forming a silicon containing layer on a substrate by
a flowable CVD process, wherein the silicon containing layer is formed by exposure
to a gas mixture containing trisillylamine (TSA) and NHs, curing the silicon
containing layer disposed on the substrate, wetting the silicon containing layer with
a processing solution having O; disposed in deionized (DI) water, wherein the
ozone disposed in the deionized (DI) water has a concentration between
about 1 milligram (mg) per liter (L) and about 1000 milligram (mg) per liter, and

forming an oxidized silicon containing layer on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be noted, however, that the
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BRI EF DESCRI PTI ON OF THE DRAWNGS [0012] So that the manner in which the
above recited features of the present invention can be understood in
detail, awoora/gss28i cul ar description of the invention, Pomitustéyosunmari zed
above, may be had by reference to enbodi nents, sone of which are
illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical enbodi nents of this invention and
are therefore not to be considered limting of its scope, for the invention
may admt to other equally effective enbodi nents. Nonethel ess, the

t eachi ngsappendéd: dravésgsillustigtenomly rtypioal érebodimentsyofuthite inyeotieh bpd @sesi deri ng

L oo AR5l B2 (50 EBL Rl Br RSB AC R PR R P AT
a processtmey eqally gfi@btiNd-embodinients dNeethetedss| the teschings adfi thegireserew of one
enbodi m:"r}rtwecﬁftior‘fi1 RLRC6E Sirena%ily? h&rqé)eergt;ood by considering the following detailed

description in conjunction with the accompanying drawings, in which:

[0013] Figure 1 is a top plan view of one embodiment of a processing tool;

[0014] Figure 2 is a schematic cross-sectional view of one embodiment of a

processing chamber;

[0015] Figure 3 is a process flow diagram illustrating a method incorporating one

embodiment of the invention;

[0016] Figures 4A-4E are schematic cross-sectional views of a substrate having

a dielectric material formed within trenches defined on the substrate; and

[0017] Figure 5 is a schematic cross-sectional view of a wet process tank that

may be used according to one embodiment of the invention.

[0018] To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures. It

is also contemplated that elements disclosed in one embodiment may be

beneficially utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION
[0019] Figure 1 is a top plan view of one embodiment of a processing tool 100 of

deposition, baking and curing chambers according to disclosed
embodiments. In the processing tool 100, a pair of FOUPs (front opening
unified pods) 102 supply substrate substrates (e.g., 300 mm diameter wafers)
that are received by robotic arms 104 and placed into load lock chambers
106. A second robotic arm 110 is disposed in a transfer chamber 112
coupled to the load lock chambers 106. The second robotic arm 110 is used
to transport the substrates from the load lock chambers 106 to processing
chambers 108a-f coupled to the transfer chamber 112.

[0020] The processing chambers 108a-f may include one or more system
components for depositing, annealing, curing and/or etching a flowable
dielectric film on the substrate wafer. In one configuration, two pairs of the
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[0015] Figure 3 is a process flow diagramillustrating a nethod

I ncorporating one enbodi nent of the invention; [0016] Fi gures 4A-4E are
schemat i cwonosg8s24t i onal views of a substrate havi ng aPdiraiseenssomat eri al
formed within trenches defined on the substrate; and [0017]Figure 5is a
schematic cross-sectional view of a wet process tank that may be used
according to one enbodi nent of the invention. p.mlo facilitate
under st andi ng, identical reference nunmerals have been used, where possi bl e,
to designate identical elenents that are conmon to the figures. It is also
cont enpl girededdimg oblaerteett &.gli, SiK8eseE i nidn1@8e-fle Maydberwugedntry depobiéribéi ci al | y
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processi nghantisdrs ¥8Q. 0108a-b) may be used to anneal/cure the deposited dielectric.
In another configuration, the same two pairs of processing chambers (e.g.,
108c-d and 108e-f) may be configured to both deposit and anneal/cure a
flowable dielectric film on the substrate, while the third pair of chambers (e.g.,
108a-b) may be used for UV or E-beam curing of the deposited film. In still
another configuration, all three pairs of chambers (e.g., 108a-f) may be
configured to deposit and cure a flowable dielectric material on the substrate.
[0021] In yet another configuration, two pairs of processing chambers (e.g.,
108c-d and 108e-f) may be used for both deposition and UV or E-beam
curing of the flowable dielectric material, while a third pair of processing
chambers (e.g. 108a-b) may be used for annealing the dielectric material. It
will be appreciated, that additional configurations of deposition, annealing and
curing chambers for flowable dielectric films are contemplated by processing
too! 100.
[0022] In addition, one or more of the process chambers 108a-f may be
configured as a wet treatment/oxidation chamber. These process chambers
include wet processing the flowable dielectric material in an environment that
includes processing solution. Thus, embodiments of processing tool 100 may
include wet treatment/oxidation chambers 108a-b and anneal processing
chambers 108c-d to perform both wet and dry processes on the deposited
dielectric material.
[0023] Figure 2 is a cross-sectional view of one embodiment of a flowable
chemical vapor deposition (i.e., process) chamber 200 with partitioned
plasma generation regions. The process chamber 200 may be any of the
processing chambers 108a-f that are configured at least for depositing a
fiowable dielectric material on a substrate. During film deposition (silicon
oxide, silicon nitride, silicon oxynitride or silicon oxycarbide depositions), a
process gas may be flowed into a first plasma region 215 through a gas inlet
assembly 205. The process gas may be excited prior to entering the first

plasma region 215 within a remote plasma system (RPS) 201. The process
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deposition, baking and curing chanbers according to disclosed enbodi nents.
In the processing tool 100, a pair of FOUPs (front opening unified pods)
102 supplwo=ob#sezBe substrates (e.g., 300 mm di anet er wafrasgjiowbs02 ar e
received by robotic arnms 104 and placed into |oad | ock chanbers 106. A
second robotic arm 110 is disposed in a transfer chanber 112 coupled to the
| oad | ock chanbers 106. The second robotic arm 110 is used to transport the
substrates fromthe | oad | ock chanmbers 106 to processing chanbers 108a-f
coupled to the transfer chanber 112. [0020] The processi ng chanbers 108a-f
may i ncl whanbrer 200 inshusiesyalid@12oapbabovertiead 22pobhe lid@12damepidted, curing

4/ . . . . ) |
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for UV orinsulegagnridgr 220 irobetwese ri eyrish taidwisi drmAd potnitibl tabetdppilied to

configuration, all three pairs of, ch rs (e.g., 108a-f) may be confi gured
to depositheéﬁo?&&eéata/erﬁookﬁsmh@%fa%@%c material on the substrate.

[ 0021] Igomﬁ anphdI8id 292 ey eé i ™ual-BeuRR! i§ fof UseOGARSA NSroeBssTRgr S
(e.g., 108c-d and 108e-f) may be used for both de,gosm_l on and W or E-beam
curing ofchafaben dwed distictigas: purPhregnanngls afpvigble within thigasnlet
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process chanbers e con red as a wet treatnent/oxidation
chanmber . skvend ghannes 20dhmayche usedifed@ tieatmeniceassi The gaees Itaakivow
dielectri, l i } : L sing sol ution.
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I ti i T 0 ,
br ocess: A ietaePERseaT ¥ e LRI BaRY gnieand orender b HesuE e ng
f1 owabl e fibvihgahto thergicondgllasmaaegions23afrem e simgvéibeadd2g o diittle aor
(silicon oxiF i ar bi de

e, silicon pitride, silicon oxynit '?e or.. sjlicon. oxy

deposi 11 P PaSiREsEnh i e SEoRnd PIERRR 9 2571 FEvteH SeTErMEg T 215
t hrough angasrecOtsdr ataisinkl iy theSsechid praeaesfedles 288y tdforaxai fiddalgei or to
entering the first plasma region 215 wthin a r%rmte | asma sgstem(RPS)
201. The §ielesliic material on the“substrate. As the dielectric material grows, more

recently added material possesses a higher mobility than underlying material.

Mobility decreases as organic content is reduced by evaporation. Gaps may

be filled by the flowable dielectric material using this technique without

leaving traditional densities of organic content within the dielectric material

after deposition is completed. A curing step may still be used to further

reduce or remove the organic content from a deposited film.

[0026] Exciting the precursor in the first plasma region 215 alone or in

combination with the remote plasma system (RPS) 201 provides several

benefits. The concentration of the excited species derived from the precursor
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chanber 200 includes a |lid 212 and showerhead 225. The lid 212 is depicted
with an applied AC vol tage source and the showerhead 225 is grounded,

consi st erwowntinsgi2asma generation in the first plasnma regras2@0H5540n
insulating ring 220 is positioned between the |lid 212 and the shower head
225 enabling a capacitively coupled plasma (CCP) to be forned in the first
pl asma region 215. The lid 212 and shower head 225 are shown with an
insulating ring 220 in between, which allows an AC potential to be applied
tothe lid 212 relative to the showerhead 225. [0024] The |id 212 nmay be a
dual - sourragy lbedntraasedewilihinitha secoodqdasmaokgione?33 Tiwe tditbeiptlasmgds suppl y
channel s VS it 0l h s 11Nl et fLrst nnel 202
carri s A5 Rash Mool Pbo R elssE AL R AL KoL s BeebbR B8 wni e
a second ptdsmaein & fistpplasem régoRPS 20The Tdexonidr plasoteamegion2023 nay be

used for th rocess s an he second nnel, 204 e used for a

it oat mondogiel GeeiedB8 MRCelapha FERE 2 RaRAR B o STl GYSSTE fay be
di sper sedRPB)a2Whf lebeingOless [t FhAtHd skciteds spéicias ta Ipaes eixsided statgs be
flowed into a,second pl as regi on 233 of the prpcess, chapber, 200 through
Lhe. shovdPiiuat So8siadt: ity LRk ks qaniPou’s By RE I clPCET Afine 111 st
pl asma r egirited Uf the aMewethygaaugh apertures 214 in the showerhead 225 and
react with the precursor flow into the second pl as reqgi on 233 fromthe
shower hed®927}s5. T_"l'ei t“!“é‘OHF"tYI(S’WﬁFgSQPé‘C@“'ﬁF'%%éﬁttgﬁng’_f%gg%%ﬁ%%s FeE¥RE 1 egi on
233. Exciftéifl tHerpreslirsormay I bRl iferdzied WRRI e $dcdrie prepfedibas M
region 233 to forma flowable dielectric material on the substrate. As the

di el ect ri233valthus imAY gBilsironptne sharmel ihatitt Plasha rPalonpetae48iE8 18 hi gher
mobi I'i ty chBaNsiAR th Xh8SHERESHH k- ¥Rl blb¥m@er‘érg?&$QS3@Ex@iEéIPQF6ciEQPt ent Is
reduced by evaporation. Gaps may be filled by the flowable dielectric

mat eri al qiedteg inhthe feseie gasmd syeiem (RBW) 791t travel 9reater distasicesds of

or gani ¢ kPR 8sL ihibughCadl Bires 714 ngat g{é‘ &l @éfo?&héi%ngweméaa bS5
conpl et ed. CUIpI ng step may still be used to ?urther reduce or renove the
or gani ¢ oelatigat tof specias dbpbsasedhrdugin apetaEsER t4 tnesj theecentec@fdbe in t he

firet Dl ) 15 | ) . r . .
syst e ( RGerfighd 2ze: 1 GRGIEY aiolrariialil it deeliBiBiBh SrRhEe ™
exci t ed speitedspeeicisvant, ffooaxamelemeayiresuit imey sloavarrgrowdls eateviadiithet he

second QR 50 SPRstAE. MBI, SAERTR 1 hRSrl SR By B0 10
pl asma r epitigatelthis V@réateecond pl asma region 233 is |ocated closer to the
R R M ey e e
col I'i si onmarigdt timeishéor gasedpeposes, Awakhtmeait Hhs mhanberintodused ftaces of
the Shomr[err]neoe\‘/%' unwanted species from the chamber walls, the substrate, the
deposited film and/or the film during deposition. The treatment gas may
comprise at least one of the gases from the group comprising of Hz, an Ha/N;
mixture, NH3, NH,OH, O3, O;, H,0, and water vapor. A treatment gas may be
excited in a plasma and then used to reduce or remove a residual organic
content from the deposited film. In other embodiments, the treatment gas may
be used without a plasma. When the treatment gas includes water vapor, the
delivery may be achieved using a mass flow meter (MFM) and injection valve
or by other suitable water vapor generators.
[0029] In the embodiment, the dielectric layer can be deposited by introducing
dielectric material precursors, e.g., a silicon containing precursor, and reacting

processing precursors in the second plasma region 233. Examples of dielectric
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[0027] The uniformty of the concentration of the excited species derived
fromthe precursor may al so be increased within the second plasma region
233. Thi swoay1iwmssazBt from the shape of the first plasnmaPcegiSeno®isp2 which
is nore simlar to the shape of the second plasma region 233. Excited
species created in the renote plasma system (RPS) 201 travel greater

di stances in order to pass through apertures 214 near the edges of the
shower head 225 relative to species that pass through apertures 214 near the
center of the showerhead 225. The greater distance results in a reduced
exci t at i gnatefialt heecersors eate sgkgninesondaining f precarsarsplinciudingy silesel disilanea sl ower
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pur poses. .A trea s, may,. be introduced to r ve. unwant ed, speci es from
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t he group,_conpri.si.n H2, an H2/ N2 m xture, NH3, NHAOCH O 02,,,H202 an
water vagsreoh ARtihal reusSR b e eshastn et slieop ERE el SEBHSed to
r?ﬂuce ?T{)cohmﬁgp%wﬂfdrf!ls@bhgégﬁlm-ﬂnm@rﬁrﬂgts ddrw(aj‘tiv‘zefsﬁﬂda?iﬂgitrﬁ?lq'la‘mihmw]l n .
ot her e iments, the tre nt . y be used without a_pla : en e
treat nent(?géganﬁcq"ﬁ@ggw &ng)ap%%?’%ﬁg yEPNAEYRY H%Fubsé’r%cﬁ'k'&fg zysi ng a
mass fl owoRRiifihg pAdcMlsord) GricBimBations Whataet. or by ot her suitable water vapor
generators. LOO% ]I'n the enbodi nent, the dielectric |ayer can be deposited
g

by introdfPhg dPEFesSiNg Bresyisers iarluge dydroggpsontaining camepyndso OXK@RIY ai ni ng

precur SOVoon?d’i'r‘ﬂn? RFiPoUHIL AFEGSH-BEBNRRUESAPSUNR, R oRRHRABNS| tAe@BF. M €gi on
233. Exanples of dielectric material precursors are silicon-containing
pr ecur sorkExamies. of syitakle Hiecesgingi prapersoretngludsi ongner mpredfhsanpouads,
trimet hylsi lane, etiet I, i

11 ot howy SR ot b ATl oSG of 16 BERLREXIRIEL MEDH, 0z, 02

t et r anet Hy2Qdi dlo) Nxtdneonmourdsdyciudiag Misie tvappc WO oNe® 1 NE2| wrleherapIMITS) |,

M hulodi A . . . ; e
(VDN G ToRE e P 1 Bfecs Rl B drmore i, B PO IBE VR A5TRS, | on
of silicdhe RS udié toriotludie NSiandArH cand/aii O -egnipindgurasiinads os plabmas for

oo ARG sy M LR, RS\ chE B 0, PRl
cont ai ni nyegurearsr say salteomativelybiimadwdeo oae t dremeod .of [ 100 3oreEUsomss desgibpdecur sor s
i ncl ude %géiggen-cont ai ni ng conpounds, oxygen-
[0031] The processing precursors may be plasma excited in the first plasma
region 215 to produce process gas plasma and radicals including N* and/or H*
and/or O* containing radicals or plasma, for example, NH3, NHy*, NH*, N*, H*, O¥,
N*O*, or combinations thereof. Alternatively, the processing precursors may already
be in a plasma state after passing through a remote plasma system prior to
introduction to the first plasma region 215.
[0032] The excited processing precursor 290 is then delivered to the second
plasma region 233 for reaction with the precursors though apertures 214. Once in
the processing volume, the processing precursor may mix and react to deposit the
dielectric materials.
[0033] In one embodiment, the flowable CVD process performed in the process
chamber 200 may deposit the dielectric materials as a polysilazanes based silicon
containing film (PSZ-like film), which may be reflowable and fillable within trenches,
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cont ai ni ng conpounds, nitrogen-containing conpounds, or conbi nations

t hereof. Exanpl es of suitable processing precursors include one or nore of
conmpoundsweebaaBext3f rom t he group conprising of H2, a HPCHRASRONRWOSF402 NH3,
NHACH, 03, 02, H202, N2, NH y conmpounds including N2H4 vapor, NO N20, NO2,
wat er vapor, or conbinations thereof. The processing precursors may be

pl asma exited, such as in the RPS unit, to include N* and/or H* and/or
O*-containing radicals or plasma, for exanple, NH3, NH2*, NH*, N+, H+-, 0*,
N*0*, or conbinations thereof. The process precursors may alternatively,

i ncl ude deatutss, riase opfotheieaperises defineddipsz subsithte evhsire thg Pobsiadanes

pr ocessi N%sBY & g‘f’%rﬂ%rﬁaﬂﬁ'f@ fprﬁ Ié)hgﬁdégﬁagxm ted in the first plasma region 215

to produce process gas asnma an icals including N* and/or H* and/or O0*
cont ai ni ng:su]adl dal saddltlopl &snthe fdieleetkampiateriglHpredurdrs Bt , pMicessihg 0*,

Al ready SRS B8R e B8 areh o288 kG daeel 86 V8 RBbE Il ABMMA SV em
prior to pumdseduAttrthmbot bae nidyr b¢ intfaalsioed te geraave Lbwapted Xeties feorsi t ed

90 d d h
P! 1 P e LBFREShY Shy A 3898 R AT EY " 2

processi ft@pb@lholrﬁY%uchha‘s rwdw@ﬁ icagbopl aadi fieotingTety procsssingl prmfsiorta@dmeposi t

the dielectric materlalsn_ta[H ﬂ‘@z ]1n, one rlg(_gdi nen the flowabl e CVD process

per f or med"§aHNEMIFS HAY LOMIKS He%@nﬁéﬁ 9885% rPWethﬁlQﬁP‘éQ;PPmB”ﬂﬁ@erl al s

as a pol wblaaﬁgngeammﬁeemﬁg INI@H cont@l, iy, N, N PLEpdri KO, INOINOwhi ch may
wa

be reflo le and fillable within trenc hes, features, vias, or other

aper t ur eSVaiar YaRaH, orcomiingfions fheregh & He?tﬁ?@“bSWﬁqya%ﬁé@teﬂd%@cP ¥M?con
cont ai ni ghdf thbAMUs8d 46 PERICeeSH remove a residual organic content from the deposited

film. In other disclosed embodiments the treatment gas may be used without a
plasma. When the treatment gas includes water vapor, the delivery may be
achieved using a mass flow meter (MFM) and injection valve or by commercially
available water vapor generators. The treatment gas may be introduced from into
the first processing region, either through the RPS unit or bypassing the RPS unit,
and may further be excited in the first plasma region.

[0035] Silicon nitrides materials include silicon nitride, SixNy, hydrogen-
containing silicon nitrides, SikNyH;, silicon oxynitrides, including hydrogen-
containing silicon oxynitrides, SixNyH,O.,, and halogen-containing silicon nitrides,
including chlorinated silicon nitrides, SixNyH.Cl,,. The deposited dielectric material
may then be converted to a silicon oxide like material.

[0036] The processing chamber, process and tool are more fully described
in Patent Application No. 12/210,940, filed on September 15, 2008, and
Patent Application No. 12/210,982, filed on September 15, 2008, which are
incorporated herein by reference in their entireties.

[0037] Figure 3 is a flow diagram of one embodiment of a process 300 that may
be practiced in the chamber 200, as depicted in Figure 2, or other suitable
processing chamber. Figures 4A-4E are schematic cross-sectional views of a
portion of a substrate corresponding to various stages of the process 300. Although
the process 300 is illustrated for forming a dielectric insulating material in trenches
defined in a substrate, such as shallow trench isolation (ST1) structure manufacture
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[0034] In addition to the dielectric material precursors and processing
precursors, there may be other gases introduced at varied tinmes for varied
pur poses.w@2briggiazzent gas nmay be introduced to renove umraaniSedodpot es from
t he chanber walls, the substrate, the deposited filmand/or the filmduring
deposition, such as hydrogen, carbon, and fluorine. A processing precursor
and/ or treatnent gas may conprise at |east one of the gases fromthe group
conprising H2, a H2/ N2 m xture, NH3, NHAOH, 03, 02, [-1202, N2, N2H4 vapor,
NO, N20, NO2, water vapor, or comnbinations thereof. A treatnent gas nay be
excit ed ipnogesp| as depiated in Frigures é8-40 theepoces800 may\be kenefisialiuatilized gani c

tent f the,d ited fil In. di.scl ' h
Fr oat nent® gRuMnayEootick e, ohBlaeh b igies bkt LB PRELTERS " 8hef nct udes
wat er vapubstratee del i very may be achi eved using a nass flow neter (MM and
injecti I b i all il t . - at . Th
troat nentOAL  nal o8 ackE qnckpTy ahean 804 Ry TRl ke SRR R on,
ei ther t hylbyghtet400, BEIepittdd iaFifurpaFsittg ddpesiBbiSprotess chambsmsuthiasher be

excited i he first plasnma reglon. 5]Silicaop nitrides paterjagls

"ol ude 3P MESAbIRICP R Varargr FoRYan baut bSO RSt EuBHEL 2 Thes,

Si xNyHz, owiel e@Bdieranti thel @isstrate@00dmag By @r Sidedh eemictinaudter Substfe .
oxynitrides, SixNyHz0zz, and hal ogen-cgnt alo%lﬁgg silicon nitrides, including

chl or i nath&yingia layghorayers demedgheigpnatized t ABsiwresushassheliow

material tgignt BBRLISE SINVefrt@drd 208 fhbgOsh Qe dibstrk® uBd eii alnotHp036] The
processi ng chanber, process and tool are nore fully described in Patent

Appl i cat ieppbadiment? ther suibsitte H0P dgaY ke Sk pieom §pMIGNALE0B SUksIRIPRAWRY

Appl | cat 'rﬂﬁgﬁfﬁ-laféé,%gz, %&fm dth&e AtiRsbaSebAN fferdm patBHE artiorCBafifs.

i ncor por at ed herern reference in their entireties. [0037]Fiqure 3 is a
fl ow di agihensuiistrgiees bt materia! puabcas srystinensiicomelp- heSiir1AT iked i n

t he cha , ! 0 icd’ a@inheiurs Ui r i ng
chanber . %Z:jﬁfr)}gs S@igﬂé%ad%té%grca?%r%tb?g&ﬁr%lgcs??sgcti or'n%rﬁ’ 9?§€J£%6P“®%§§§ti on of
a subst r giolysdicon edqpeddirngdoped sificauwateraged paterneed opnoe-eaktersed wafgrs hough

th T L C L e N Al
-t encrabon e ilitoh OB TR fbpe b dttotucs, BERh bivfus, BRKeFLARER,TF &
st r uct ur ggemmaniuac tgatliem ansecide sglass; sdpphicd, enktalnayerg uisposddion Ejlicoh@ngdr ocess

A e e e
mm diameter wafers, as well as, rectangular or square panels. In embodiment
depicted in the present invention, the substrate 400 may be a silicon semiconductor
substrate.

[0039] In one embodiment, a layer 402, as depicted in Figure 4A, is
disposed on the substrate 400 and is suitable to fabricate an STI structure 404. The
layer 402 may be a silicon film, e.g., blanket bare silicon film. In embodiments
wherein the layer 402 is not present, processes described as performed on the
layer 402 may alternatively be on the substrate 400.

[0040] In one embodiment, the layer 402 may have etched or patterned to form
trenches 406 within the layer 402 for manufacturing shallow trench isolation (STI)
structure, which may be used for electrically isolating devices in an integrated circuit
from one another. In addition, the STi structure 404 may be formed relative to
transistor gate constructions and adjacent transistor source/drain regions with the
substrate 400. The trenches 406 are formed within the layer 402 for device

isolation.
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[ 0038] The process 300 begins at step 302 by transferring (i.e., providing)
a substrate 400, as depicted in Figure 4A, to a deposition process chanber,
such as twe 2hl1osedt2Be chem cal vapor deposition (CVD) chachars2@0053epi ct ed
in Figure 2. In one enbodi ment, the substrate 400 may be a silicon

sem conductor substrate having a layer or layers forned thereon utilized to
forma structure, such as shallow trench isolation (STlI) structure 404
formed on the substrate 400. |In another enbodi nent, the substrate 400 nay
be a silicon sem conductor substrate having nultiple |layers, e.g., a film
st ack, ut[pd41red AtostépBiddafdidedric nuatetiardd8 iardbpositdcdean dheesubstiate 400st r at e

400 may . a teri ' r all i Lhd Ccon . i < >

s <111%) e (B gfesfipe 206 yeMRpd Pl e BRe™p2 DA GuP e FbE “HopBh o
undoped pikigstrit intaterjal dopadayobe depagited byithe dlowablaf ahemical dapert deposigidn or

non- pat t er ned wafﬁrs sjl.icgn on insulato f(m carbon.doped silicon

oxi des, di"P¥EE5n P PW%Je,md ed’rg‘quiscfiﬁ?mb%r i Ut éﬂ't?‘?ﬂ?n g@n?"’gﬁ, gl ass,
Sappﬂi re,ref@ﬂéﬁ:dedtg}ﬁgme_diﬂﬁmcbrﬁbbcﬁﬂngggmﬁe dmbcgﬁtgmla'tét?_l 408165 atﬂutc]?nat e 400
may have various dinensions, such as mm or . i amet er ers, as
hel 1 e, GBI AT eButer By 3Bs T LHRRISRANS MecoCrRna hehe
present igappention, the substrate 400 nay be a silicon sem conductor
substrate. EOOSQ] I n one enbodi nent, a |ayer 402, as depicted in Figure 4A,
i s di spod®#2bn tIRCnSLBBPPAMENk (0E 948 ’T"é“é%ﬁ%‘%!eé I NG PEeRSCNAMRST| :
struct ur o04or IMMINANSE di&EctiBYmBRridl Y08 &y fricludle 8- BieleccAMRéridar e

silicon film In enbodi nents wherein the |ayer 402 is not present,
pr ocessePrERYEPN Futa ROSHINGrREeUrser- hablaRxamples el diglestiamarela) be on
the SUbStﬂr@Ed;ﬁtsérO?\Ocldo%O@mﬁé"H Qigﬁaorf'e','brﬂ_ @fﬁﬁ%ﬂ%rﬁeét ?ﬁétﬁﬂﬁfanéogrirﬁ@%yﬂﬁyﬁe,et ched

or patterne ormtrenches 406 within ayer’ 402 for manufacturing
shal | ow ttesaoathylsdang. i on tetsmEthoxysitanst ur TEMR)ch nWigthexysileed f olTES),
electric i j LeES | f\nt e i r OTTRALSS ot her.
I n addi tladocl}lélm%ﬁgﬂcgéll?@g?gﬁ)&ﬁ?e 168)2 rra$ ’beq%géﬁgtéﬁlrae' i'gEHa\r)% to trang'stor
gat e condetravethyleyclatetrasithxaoent t (AMETS)or sotetremethyhidiethaxyl-distoxaneh t he

Puost iR dls BRI e bR oLTI ARy Crela, dv o
32]'5 Ie;] iegl V/Gddlﬁtiidr:mtl ﬂ;qnlofo;sratbrdge dbpos’stidmsofrsiilicwnmdéiimdlludagS&N;al-_lzte czcnsftairrli_eg 406
mat eri al %%@Jrﬁ%rﬁ' %%cha%sp%'léyﬂ%%n%lénf Rg\égrli%aaiég% &%ﬁgﬁ%gﬂ%gﬁ*&@éﬁgbﬁt i on

Pre ?grezﬁcggﬁif;garg?ﬂguir(sp\m SuNJEESS cortainérg F08curasrsdeSighjHEY, adomtaningt h

11 con GURREREngT merTAlovR BSERL ol B (PR AReealhf ifoMnco the

process cdvardnsing Peébursor used for depositing the dielectric material 408 is trisillylamine
(TSA). In addition, suitable examples of the processing precursors may include a
nitrogen containing precursor. Suitable examples of the nitrogen containing
precursor includes a Hy/N, mixture, Nz, NHs, NH4OH, Nz NyH, compounds
including N2H; vapor, NO, N,O, NO, and the like. Furthermore, the processing
precursors may also include hydrogen-containing compounds, oxygen-containing
compounds or combinations thereof. Examples of suitable processing precursors
include one or more of compounds selected from the group comprising of Hy, a
H2/N, mixture, Oz, Oz, H;0,, water vapor, or combinations thereof. The processing
precursors may be plasma excited, such as in the RPS unit, to include N* and/or H*
and/or O* containing radicals or plasma, for example, NH3, NHx*, NH*, N* H* O%,
N*O*, or combinations thereof. The processing precursor may alternatively, include

11



[0042] I n one enbodi ment, the gas mi xture supplied into the process chanber
200 for formng the dielectric material 408 may include a dielectric

mat eri al Wwoeouwriser23and a processi ng precursor. Suitabl eprexaspdiedssah2 t he
dielectric material precursor include silane, disilane, methylsilane,

di ret hyl sil ane, trinethylsilane, tetranethylsilane, tetraethoxysilane
(TECS), triethoxysilane (TES),

oct amet hyl cycl ot etrasi | oxane( OMCTS) , t et ranet hyl - di si | oxane( TMDSO) ,
tetrannet hyl cycl ot et rasi | oxane (TMCTS), tetranethyl -di et hoxyl -disil oxane

( TMDDSO) ,ongi arenioye -ali thetprosyrsorsi aameed@VDREne emwdimnent ithe pradessingf .

Addi tion I It 0S|t _SAdal; ride include SixNyH,
cont ai ni f#de‘g{r %ﬂ%@r@[ ée(sbl?ghlngéﬁje;&?ﬁagfrl_c%t%éalaéing ':5\?15?_I 3(rye"’]rgi vatives including
trisillyleoasne (IMSéye antbadiiment| yhe rsubstr§tES&MpeBdtuidy dp0ig dbet dapositign

e exonTarsss anbiion 30 proUARrRRRE PR, o TG ROl RESubSRF ™ - '
deposi t i ngmpbeatates anainiaingtabtclesalthatD8bowt 200 dedregs aBvlsias, (si6A)as less

addi tion,, sui,tabl e ex |l es of the progessing precur.so incl.ude a

ni t rogen tE%ﬂé&#ﬂ&%?‘g@ﬁ'P%&P?%& ?'E’B‘f @eeigﬂﬁg“ir'gén%”?'h@n{s%%é’ﬁ tESnt ai ni ng
pr ecur sorsubBetede bedloidbtovielbw radd NAvithivithe thitBs 408, It -belieoap tnards

i ncl udi ng N2H4 va .t he

or, NO N20, NO2 an%‘thg like. Méherm)re
processi M§laHYR QI ubstiale taMesratiie; SHEN BY detSuRD o0 9895ReR CelsiHS 0 GARS,
oxygen- C ikt MdittamMHyPHieNii; Pitiafpfdthieat o9 ffe Shteed suffxcepl #%iqaib-likgi t abl e
processi ng precursors include one or nore of compounds selected fromthe
group corffomadlensgtats, sapas to ppesrD/enihet fipmabiligs ang viscpgioof g resukianbdim or

conbi nat isgaged IS -AsTHR RIEQRSRSINYs R6@RAY 5R'tRe SBYstRite Madng®s B¥kaihed, such
as in the RPS unit, to include N* and/or H* and/or 0* containing radicals

or plasmedegres obxfawsbdity Mg, visepsity, Npe , bagdingHstrugiure gF ghe i &sybPAat i ons
t her eof . t@?\%fo‘%%&eéé‘l\/égteg,r s o Rttt Bhdtion %FBUHQ%r bBAGng" Nore
of the precursors as needed. In one enbodi nent, the processing pretursor
used for sirctse aftegtherssibgeeueant tharmahane ek progessess INee gabodind3hen one

enbodi ne et r | oS f i i's
i nt a1 neiPsyE BHREHEEC FERFLASY atiierld ilfaRRNR 4 b bRReSE, |
t enper at tab®ui omtempEratece totabost 200 Hegreeb Gieisiz)Guckegs ebsut@esssthas 108uch as

For mod o SRS THET s 1o pRaiRer gl e oPleBl: o5 e Foduh p b, *°

trenches @&&uslt is believed that relative | ower substrate tenperature,
such as |less th 100 degree | sius, can assi st intaining the film
I U a1 IR rroq s QPR BRI @ BtTPlc oY s, PRGNS W PrRsaing st ace,
SO as to ghaafervat thtow | et@lbdtwéen anduyiissosmt gndfabdoue J09uktant Thel m
fornmed thereon, As the resultant fb%cgnis fornmed on the sub tr@te aving a
certain dEGFERSING:PRPYRAL TRY PeaBPIs% DH NSy Prores L FRATMRE' AL A MM fHC of ¢ he
filmmay getwbsmnfiot MedccraoBN@rdbedt 1080 8ccdl. Witeimatvely Ntz @aé f et
function groups or, bondiqr:sg structure after t[ég subs&(gwent, tqr%er.mal and wet

pr ocessesSUPPICG QMRS HIAFFRSING, MAelsanRg captEoliednBlRatiol aliey 4 HielgFicess

chamber ifaf@RbNpRCOREr & pPodedsitg Predurseobsieeh BBt ONPaRdEEEEt 100.about
200 degrees Cel sius, such as about |ess than 100 degrees Cel sius, for

exanpl e aH¥UProgesTBmsEwS isanainianesat bajwaen abowed @ domae dhaws 10 5wk 4] The
di el ectr i, BRARHIE 2AbdUt BCUT P and @Yol THRPSI®Cad Adut OIS TH @RgSBbIK0. ghanber
at a flow rate between about 1 sccm and about 5000 sccm The processing
precur sorErmy be supplied into the processing chanber at a flow rate

betvieen aguly 1 6& B i o400 3CHbo Ald Rl @Y thd RBsOffstixt ur e

suppl i ed ng processing may-al s ' ~at a flowratio o
di el ect r iprowde@id tile grpesssrahambes 200 othas ber@asmaainside oputnet liméed &bout 0. 1

and about rQc ¢ i } I . 0.10
Torr o bl 930 il ARG HEL RS 2l ne ISR Relfoshal S iERRIGPANNE" 1T |
as about @oéesboy chardberbatua fowr rator of between about 1 sccm and about 50000

sccm.
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[ 0045] One or nore inert gases nmay al so be included with the gas m xture
provided to the process chanber 200. The inert gas may include, but not
limted twQ 2nolise22gas, such as Ar, He, Xe, and the |ikePCThS20m0063401as may
be supplied to the processing chanber at a flowratio of between about 1
sccm and about 50000 sccm WO 2011/ 084223PCT/ US2010/ 055402 [ 0046] A RF
power is applied to maintain the plasnma during deposition. The RF power is
provi ded between about 100 kHz and about 100 MHz, such as about 350 kHz or
about 13.56 MHz. Alternatively, a VHF power may be utilized to provide a

f requencyoaas] t o A &Fnemverdd appliti7ivHnaintedn teoplasbe@uling depositiore Téeblddi nent ,

the RE power na | ed b 0 Watt.
The spacitgreste previctiBRedtapghy o AR st obaiie MnBtod 2Pla 1
accor dandgiznort dbdut e 38HMHza dtethatiesip,i a)N/HFl poweremeyrtbxedwtmeed to phwvide acessi ng
spacing i,s contro I nches. 047]1n
ohe enbodieURTSY SheS dedrat abeutr iz and Aogth 205 aR%E b ahe' ShBRTmghE a0h s
g S:\||y :4 conhé WK pbwemavweesu@ne@@gwf%mabdutdﬁgowvb&whdmuamoom veatth as

i X r -Si- or.Ime erein er is an int reater
Chan 1 t JTB0SPAONS 20l SHERGHF ot tifin HOVETARS, 225 ey he Brottes Thg
pr ecur soracediRRhte dvith thd &uBeEatsl ditriéheiofBYn nfrfév eADobinigrRg &t PRSLeRYIAY ogen
speci es during depositing the silicon atons formed in the dielectric

mat eri al SPOSINGHS CorNIad Rebwgennahqut 10&milxand gboutsy inchesyr ot her di f f er ent
bondi ng. &4 Si -IN: oleHemBloulinAf) dthelididlebific! HdtERal ueB! fsiRtbaMd the- O Si

bond by the subsgﬂment thermal and wet processes to formthe dielectric

mat eri al sMpgtrate is corsilisenaeontajning Matersll raving niliisle o4f bydrogae
di el ectrig, mfa,t %Ucﬁear\m N, | OF BN B8N §bﬁ5rg@§eu€é}8m iaere U0 R 'éﬁte 400

I's cured and/or t ’fyvprocessedto baeth electric material 408.
The curi rigiepakgnegtes thares fo 2w gsre miegﬁms drom 8 te ABR $ln§edb@@s¢qe§amg

di el ectri e&]’r&&f E@Iapl"e%S w??:hé‘pga’iso nan%ﬁ%l ec rbr%v%féa%ﬁro% 2&%@?%@“ al

408, as ovvn I'n t he I'cC nateri
nmoi st ure sm@lesoﬂmemg depositiegd#posilicen ajomsdormed lrretherdlallectt@Bmaéertali ven

out, res%&gt E%&%J%tgl p?dgelq di §| RICt H Ctshe e&l gthF?%éz{gﬂ{ S{Jll‘l(li hgg reflow

within the fined wthin sub ate ?ormnga
subst ant i@itNy NeHanBirHsbhomds evill 1ife darthée replased awvith 4860-$inboné Iwrﬁbell ment ,

D o R RAL DS o i Rad R R RGN il Bl 7L

to the suitdonaddddyer.
[0048] At step 306, after the dielectric material 408 is formed on the
substrate 400, the substrate 400 is cured and/or thermally processed to bake
the dielectric material 408. The curing/baking process removes the moisture
from the deposited dielectric material 408 so as to form a solid phase
dielectric material 408, as shown in Figure 4C. As the dielectric material 408 is
cured, moisture and solvent in the deposited dielectric material 408 is driven
out, resulting the deposited dielectric material 408 to refill and reflow within the
trenches 406 defined within the substrate 400, thereby forming a substantially
planar surface 410 on the substrate 400. In one embodiment, the curing
process performed at step 306 may be executed on a hot plate, a oven, a
heated chamber or suitable tools that may provide sufficient heat to the
substrate 400.
[0049] In one embodiment, the curing temperature may be controlled at

below 100 degrees Celsius, such as below 80 degrees Celsius, for example
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[0049] I n one enbodi ment, the curing tenperature may be controlled at bel ow
100 degrees Cel sius, such as bel ow 80 degrees Cel sius, for exanple about
50 degrees0Qel1gisux3 The curing time nay be control |l ed arChasesensabout 1
seconds and about 10 hours. [0050] At step 308, a wet oxidation process nay
be perfornmed on the substrate 400 after the curing process of step 306.
After the curing process of step 306, the dielectric material 408 formed on
the substrate 400 has not yet densified and the structures of the Si-N,

NH Si-H bonding are still remaining as the main bonding structures forned
in the diadoatts0 degmes iCalsiv98Thacewing tige mahdensonioaiiathiat detyeetess as
performe t hem' cal conposition of the dielectric
mat eri al daAPg)th% See%eogﬁacrem%gd@sloN H, Si-H bonding with Si-O-Si or Si-0
bondi ng goekopet wtr lstext BOStLaevettooxldat]branrbbessjlm;edier perfoanedi ah th€8. The

t i dat i t of h
oF emont o Tpetate F0 e 4% FRARY pLOGRBEISIPD 388 el B Bl el M ot age
by wei ghtstep 3086 tie diedgstric emalteh;uno@eormécmarthe Substrate ubermismot[mm] I'n

one enbod th sub trate 4 ed, di fl.0ooded, or
wet treat‘#eed’sﬂr}t@%@?‘? H‘étum%? og%edsi R'oﬁfg' éd&ggeaﬁ'"gt%’ﬁ %@é eMainigle

enbﬁdi rrerahs thee rﬁalhsbbﬂﬂmg4@ﬂubﬁ1ré§t tSoggwéw lelﬁ tHeg uidlebBich matetial nt i nha wet
tan such as .a wet proces tan , Scri urther

bl ow wi tACTER b dad e IR SRS asRATATIY HeHtosA0BAa s BEcse. |

i's noted dHemhichhGoppbsitibAtst tAEAisRKtrRY ﬁ@t@@lmxﬁﬁﬁé&awtwﬁm muH _sun tabl e
processing contai ner, ingludi n% those from ot her manufacturers.

bel i eved Pt berdingewitsxShaCori BosksS Repding @nsk @e{wg%rkoﬂy@@tHrq éBI Zcement

process igyidibe tﬂéeale@bfriccmméﬁéu@és 4Ple v&éiefsﬁ@a{t.drr b&ﬂ%sbﬁﬁcn%a%@@'tﬁer eaction
| i ke process within the dielectric material 408 to rapidly replace the

ni trogen Qﬁf@ﬁ@ﬁagﬁﬁy Weiaht 9& the) exaewrlements jeimesb iithe distestria matendldat i on
repl aceng, e 0 0 e fornmed
in the OXI @% %“é’gt rb%%ﬁ%ﬁ%ﬂdg% g{ gﬁt 3 gﬁv\%r}ﬁtrﬁ&%%u%rng h’é%%’ogw] The
wet oxi da&lemenpﬁfmwlthgr%m ution used to performthe wet OXI dation process
on the s at g,.4 C : a t he
nit rogenu[g(?lgo1Ii hydlrno(grgen e enen?np;i%?%ggéﬁ%{et ﬁgo I‘ifg agzgkjf ﬁﬁm@ eri a‘?{'%d% into
oxygen el feroeiens or Iwetdneatediiodierfart thehwehoxidatiodaprocaspabstaps 388, Jol uti on

may i ncl Udr%ae QAL rﬁgnp %8 %‘u%%ﬂla{eDhbo V‘@Wﬂedebyg a lififif'Bath contained in a

wet tank, such as a wet processing tank 500, which will be described further

below with reference to Figure 5, to perform the wet oxidation process. It is
noted that the substrate 400 may also be processed in any other suitable
processing container, including those from other manufacturers. It is believed
that the wet oxidation process may initiate the oxygen replacement process in
the dielectric material 408, thereby triggering a chain-reaction like process
within the dielectric material 408 to rapidly replace the nitrogen and/or the
hydrogen bonds with oxygen bonds. After the oxidation replacement process,
a strong silicon oxide bonding (—O—Si—O) may be formed in the oxidized
dielectric material 412, as shown in Figure 4E.

[0052] The wet oxidation processing solution used to perform the wet
oxidation process on the substrate 400 provides oxygen sources to replace
and convert the nitrogen and hydrogen elements formed in the dielectric
material 408 into oxygen elements. In one embodiment, the wet oxidation

processing solution may include ozonated deionized (Dl) water, e.g., ozone
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conprised in deionized (D) water. O her oxygen source, such as 02, N20,
N2, H20 vapor or steam H202 and the like may al so be used in deionized
(D) wat ewotzo1p8uf26r m t he wet oxi dati on process. Furt heproorus0eo5i4abl e aci d
or based solution, such as SCI (e.g., s dilution of NH4AOH H202) or SC2
solution (e.g., dilution of HO/ H202) may al so be used to performthe wet
oxi dati on process. In one enbodi nent, the ozone source is constantly

bubbl ed and supplied into the deionized (D) water solution, formng a
saturated ozonated deionized (D) water to wet oxidize the substrate 400

i mrer sed domprhaedsiml deiooized (DlpneatenbOthereoxygenheoweaceuch s O, MG, he ozone
i ncl uded i i I t X i p SS 41 S
controll e Eet %veen %B&Etsqiéa )'_fwi i ftﬁ)‘% “&g% |S% fg%?fsgﬁgna%egﬁr?ﬁ%oo
mlligr ar(DIIry\)vatmrtolpdrﬁrrn'(lh)e w{aﬂﬁﬂﬂ}atlm pmace:ssbﬁdrthenhora, lseitakle aoid dat i on

ol i s, o8e TRAIC S PR Sae to® AUGTREET ML OHER0A B BEr SRR oLT | cos

than 75 degy. ediutical of WHCI/ IH202$ rhay iatscedetistd tdperfotrattheelvgt bridatienper at ur e

wet oxidation process ma uce, the thernmal budge to t
st o Bragoss RoPas,SLANEIETT the G2oRe: Sauea s reanstahBuBRIES APAY | ayer s
or devi cesipplicd Ghtor e deﬂbmeddqml)t h@térué:tﬂmi@t gortiihg & Baftdidd 6Fonadtédi s al so
found t hat Ferformn ation process at a te eratureﬁg‘reater

t han 45 riged @D ]fer Fﬁa‘g)’eb%'ﬁl%ﬁeeth& HibgHate 429 famessed w hegpolyt

di el ectrijg drt 8mbAYINAER, thdiceRcemyatRin bf:trenéidhe)?ficmdee inhBeddabrigkdi C
material 408 at a shorter time. In one exanpl e, the tenperature of the wet

oxi dat i or{Dbr ovatss fraythBe wedne¥idplieny RIPCEFT S e?oﬁtﬁ%“@%@ ebatd| di us but

| ess t hanyilRafR@igs per ﬁ@riwénd Eebutemmhmn nﬁdgarﬂe?n.@érgg of the wet

oxi dation process imay be controlled at abou egr ees Si us.

[ 0054] Fur[@qﬁél norlg, ange stebodixient i ibe M@c@@q{@f‘sdq}ﬂtl%\ﬁb%hovn%sbé | ow
cost, CERH y may be
reduced \fé]orxli’@ aﬁso recﬂ%&ﬁ%ﬁﬁ? y%tqt??Q%egygéébbcf%ér)ocesswr&lggﬁ?f‘rre In
one enbodibeent80 dwepsdzfdswstfqmmmple Ia@oueteséﬂhaaﬂ%dﬁgfleg@ég@&pér ftor med on
t he subst; e about 10
hour s. |§Zt§eﬁ|§tvlgge tB% I%q)ér.,to\;((:ag} I&'?I %én&eer&i’u‘@?nw gﬂcdoar:k'torﬁoﬂ&%égsrﬂ%%servi ng
t he bondmeguse rthlettlnemsalfm:dmdl genneirehteddml tdjezsubsdham d00r thereby aedating12 unti |

a desir ent or

i1 eon TARIEPEM 8P ABmaY R s ) Mlesd br E%icED iy oS ofdfc

conver t ecsubstrate t4605 ilrh |acldlt|onoxtygealsbdodndghaﬂ' berfbnmdngntj;ueswtvetuomdraeonf t he
oxidi zed dielectric,mterial 412 .may be ji.nspected.or.observed FTI R, SI M
or XPS. [R3B58YS At GhiCBRGIAYE Ipeatel GrefiRdiees  Gf H‘En{n%ﬁr%'@ G flized to
i nspect tHigh&owstidagiont ratet of enefditleetrizxinthteddl d08| eatich cmamt effic@intifl2. | n

the FTIR spectr enthe Sl- gnal at about 1080 nmis increased while

-N si grﬂi%og' tgﬁo‘éﬂa efal éﬁh t?am)r% r_ine; gﬁ'élongt e’éﬂaﬂfe 3%4 2180
nm I s deaefpersturdbf tr@%t BRIdatioh précess by W doritraligaratipedienshandoor
silicon hydrogen bondi ng have been repl aced or_converted into

silicon- 8@S bERFIYY. b”fh@s§| tharbn! Yk yIraiess ghalsiyss FﬂEreé@é"éQfe\/\HBﬁ t he wet

oxi dat i OneR{HRESEPe LofTthd Ndteaxiattior MHEESY fna@ Y @BAfroMEPGRSabditsMRY be
determ ned when the silicon-oxygen bonding signal has reached to a desired
i nt ensi t ydegraesfelErHodi nent, the wet oxi dation process may be terninated
when the ?634Ens'¢l¥rtl‘?érnw‘r€ Fhd WRATG NS pP@RRIng §ol@hSHtpr3(/i%@Tseé ibRan 90
percent o e sum of the peak intensity. In an“exenplary enbodi nent, the
process tdash fast anHesimple processi e thatdbesaverall prneass| ¢waplexithMaleba about

0.5 hour §.308eRMle 313 HdRicing manufacturing cost and process cycle time. In

one embodiment, the process time for the wet oxidation process performed on

the substrate 400 may be controlled at between about 1 seconds and about
10 hours. Alternatively, the process time may also be controlled by observing

the bonding structures formed in the oxidized dielectric material 412 until a
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[0056] I n the enbodi nent wherein the SIMS or XPS neasurenent equipnent is
used, the wet oxidation process may be term nated when the oxygen el enents
formed i rwOhelimss¥3zed dielectric material 412 is great ®@CTtUsa0m0H854pEr cent
by atom c weight. [0057] At step 310, the oxidized dielectric material 412

I s exposed to a thermal annealing process to forman anneal ed dielectric
material 414, as shown in Figure 4E. An exanple of a suitable thernal

anneal chanber in which step 310 may be performed is the CENTURA(T)

RADI ANCE(r) RTP chanber, available from Applied Materials, Inc., anong

ot hers. Idesirednperedntagiecor aypos weightrdathecsilicdrenittogeRTand/earsilimon +ncl udi ng

anneal i ng Ve 60t pORAMGAR A ieierTie, Rafhial 808 st fPer 3B EIEE Miebedfie of sten
0, L1 s arm it masihy batmeut sttty
du?atlon rB?tset”ﬁzzlﬁﬂ Eemgﬁfﬁﬂﬁg ?ﬁ%gg?’m@egﬂlﬁgnﬁ”&gggt 1 seé:ond to
abou'lt3 Oa?qcémggondgsortﬁaére;ggmml ETlmbm%sSL&emomtlﬁrgﬁgﬂogwy 66 witigedds, such
Sl | od IRHRSFL e heSHIRR Stusiirer G T Sxidied FRIPSRD I3 r'aﬁﬁaﬁpﬂfigﬁs

anneal i nFORS§Sedtimh, udﬁemmgeld 8ighal azapéut( 880 nAt RMThEre2%¥d avhileOPi- vvat er
(H20), nitric oxide g[ §S§0t rous oxide (N20), nitro n d| (0) 4] deﬁé‘ k
e

di ni t r oge¥ Sig 6?(?9%”*( N apgigedhe S'Sﬁﬁjo?ﬁ%b I3§ -HiRY
(N2H4) ,  dfddriaddd @ Iddee el ofthe GRIkBh rfﬁttrd)@:% bbh&hgczafnd/JMn@fmﬁ@drbgen gas may

contain nitrogen and at |east one oxygen-containi ng such_as_oxygen.
The chantRanding hayecbeerprerlace@ orrernvensd: inte fl|¢eﬂr°>%yseab*é<iend"1@>o W8rr, for

exanpl e, @{%w o &e,t. os.ghénut.s 9QcrEakéd wHER e (et Ef?iﬁétlorlm NoRes&X@nBl e of a

t hermal anneal |n substrate 400 is heated to a tenperature of
about 600neregseds Therefpiss amfoa%ronfomsSf@e@nm@ymmmﬁe@wn@wbﬁnéhﬁnsphere.

|1 cooL SO s ierdl o A oy, o s 100

degr ees Sius for about secon 0 secon r
at nospherambodimenti g wguoxidation predessenay deatepninated when thegetensitd oxygen

during t hoq‘ tﬂ@%ﬁﬁlom&y@reﬂcs?&ﬁal is about greater than 90 percent of the sum of the
peak intensity. In an exemplary embodiment, the process time for the wet
oxidation process is controlled at between about 0.5 hours and about 3 hours.
[0056] In the embodiment wherein the SIMS or XPS measurement
equipment is used, the wet oxidation process may be terminated when the
oxygen elements formed in the oxidized dielectric material 412 is greater than
50 percent by atomic weight.
[0057] At step 310, the oxidized dielectric material 412 is exposed to a thermal
annealing process to form an annealed dielectric material 414, as shown in Figure
4E. An example of a suitable thermal anneal chamber in which step 310 may be
performed is the CENTURA® RADIANCE® RTP chamber, available from Applied
Materials, Inc., among others. It is noted other types of anneal chamber or RTP
chamber, including those from other manufactures, may also be utilized to perform
the thermal annealing process as described in step 310.
[0058] In one embodiment of step 310, the substrate 400 may be heated to a
temperature from about 100 degrees Celsius to about 1000 degrees Celsius. In one
embodiment, the duration of the thermal annealing process may be from about 1
second to about 180 seconds, for example, about 2 seconds to about 60 seconds,
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[0059] 1t is believed that the thermal anneal ed process perfornmed at step
310 may assi st densifying the filmstructures and nodify the chem cal

struct ur evof2otis43el ectric material 414 formed on the ®abaSe@EnOS5U0D,

t her eby providing stronger bonding structures and silicon oxygen bonding in
the resultant annealed dielectric material 414. Furthernore, the thermnal
anneal i ng process may al so assi st driving out the dangling bonds or weak
silicon-hydrogen bonding fromthe dielectric material 414, thereby reducing
the filmleakage and inproving filmquality. [0060] Figure 5 depicts a
schemat i Gueh aRSalsasts @ged:ndsi VabbutaBoveECeNdsC e A ilmt toaekarfr@anhg\ gabi |sh the

rocess descri

wet oxi dati on

processi @PP&?E'%@%EWB?W §°f t'h%fm?ﬁj@“ae?'mkp%s %%aﬁyle&no ﬁ?%‘?ﬁ"ﬁg vol une
that nmay gx@8é fHclude RYOSJadzoMe (I, GshicR aatérQ,0 tmhcas'deescrl bed
W th refeg;égncecto sdwge 8%9 It is ggted Ith %@éﬂﬁib)lr Sui Saﬁ)l)z |I& f|UId

bath or t(NON PK@Uﬁa?f"%ﬁ éHz% nikegen dipdie (M. siptregen, RERIoXIERt
oxi dat i OThitRSRFHESEN,), ThenmdRig 5@@ ?ﬂsubstﬁné‘ 50&r%ﬁmsemeféwr@rn to

support a plurality or a batc rates 400 to be positioned therein

for proce&sghipations tt@erﬁat i vBe\annegiing,gas Mavt wmlnﬂ%@g%m ali [RAshRfe be
secur ed Qfxxgé’r? b&htgfﬁﬁ‘@ e Tstllerﬁfag % g@@n? Wﬁe%ﬂ)ﬁm‘%hﬁ{ay%v%aéjbl%sg@f@r\‘%m such as

i nserted and support Sset may d and secure the
subst r at eboadd.1a ord&ab@d 198skart, cf@.rsexarmple sabwﬁ 8d1 loh%houff B8 Tosmisusvasnay al so

be utilized dp nﬁrd‘q%r& e %ié?%éﬁﬁdl %neé%g.ﬁgcééy sabswah@?%yhéétgate as

needed. posij The substrate re I mrersed | oode pl aced,
wet t ed, goamwaw@mmmﬁomqﬁg&es Qetsius tﬂrcnb@ytﬁﬁgeemndﬁ wthirc en

di Sposedoélj&géeﬁgﬁ&%ﬁgﬁewlnfaq{ot r%?(g ?)i,engubél:(rb‘:fe %@Qkﬁ ﬁé’%e&%/ ait&ﬁg%’rgﬁﬁ a first

supply s a second supply’source may sup processi ng
| i qui d orofboutdiOndpgredasiCelsiusi fat abdutd Otseeknds0 abimub6gilseaondsnyititin port 510.

vt or i niBORTSferiangl BB YaRRLTE s ool b HERPN 25 COHEED Cypen

cont ai ni nyrisgWeannading bhezesank 502. As di scussed above, suitable oxygen
cont ai ni ng_sour upplied fromthe second s oyrce 514 to
Che. cank 1883] g it BRLRYPS 41t (e Risthahen aisd URSTE GeTISrBath a1 B8,

conbi nat ic'lmrus rhb}i‘r@ﬁlsa’taﬂénhiﬂﬁn@l ﬁrﬁablfmdnt etrgaturuﬁleynd tﬂneldmecm@d c&épﬁéal sggr ce
514 may al so supplied. o [ sulta ido ol u uch, as 1
(e.g., s SYttreo ﬁk@%‘ ¢ mrigfialy 1%39"@%‘{ 19?6% @9 ratt §%pu?h?fﬁb¥f HO /
H202) "Br@vfﬁh? tswﬁgéﬂaodm réteiciuiele angt smébrﬁla@Xy@@nprﬁéﬁ'@ il 1thene
exenpl ary enbodi nent ‘depi cted therein the o %?n cont ai ni ng source

suppl i ed repuiARtANNealshdislanipe W%@ﬂ?'c‘jewsfz&"ﬁ'? sdherBermahansealing
conti nuo:}ﬁ'b&fe@é"tmé)e%lé’é a%éﬁg?' 48¢ng né@t me dé%@'ﬁné%ndg or Ngedk tiddie

dei oni zed (DI') water supplied fromthe first supply source 512 to formthe
processi n‘ydmeen bepdw@uirerm theedielgatric mategal faé‘ﬂf by requcing thefiimat i on

process Fg‘?ﬁg b rsed in the tank 502. [0062] Thus, a
e ep05|t|nb ﬁﬂgqaﬂ?

nmet hod of tric’layer that mcludes@fggrformngawet
oxi dat i orfogaobcesSigure & denictsom sc@maﬁmcr@gSﬂe@I%@t view et @rocespidg et hod

I's parti gyhardgl %P'v%t‘?}a# gh 0\@: ARRBLOA ot %%%{Ede%l Tpissd Aogf 'nHB/'

trenches or vias d |n a substrate. e wet oxidation rggess
advant aggumnfornyed.ephavet mmbssmgvtenk $08i genemilyninclude entaak 02y having an

silicon- WX{%{ §9§<|5\F$?18rtﬂ5{‘91ag é%étr@i%tlohgﬂgcér\sgnlfggé&tl& %543 lsﬁgtt:

mat eri al I con- ox esired S|I|con
oxi de | aydsscribechwitth refe@nberhtnistaap 308 u0$ noies tlaatobthergkultébller’mqqldaﬂwdybath

0063 Wi le, the f d
i[ nven]ti oln?retB? I’l'g? o gacl H}ggdémegfﬁ?grﬁog t&pqrﬁémm?tﬁ 'ﬁgﬁ%rpf)ﬁz:sgééw sed
W t hout dERatahk 592 may have a rack 508 disposed therein to support a plurallty or a batch

of substrates 400 to be positioned therein for processing. Alternatively, the plurality

of substrates 400 may be secured or positioned in the tank 502 is any other suitable

manner, such as inserted and supported within a cassette, which may hold and
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fromthe basic scope thereof, and the scope thereof is determ ned by the
clains that follow \What is Clained is: 1. A nethod of form ng an

oxi di zed wWpebaoBri2e materi al on a substrate, conpri si ngPCrarsdNYs02
dielectric material on a substrate by a flowable CVD process; curing the
dielectric material disposed on the substrate; perform ng a wet

oxi dation process on the dielectric material disposed on the substrate; and
form ng an oxidi zed dielectric material on the substrate. 2. The nethod of
claim1l, wherein formng the dielectric material on the substrate by a

fl owabl e s@wrepmcamtrétestm alcosgiedspasitions. It is nompmbythmtaaka mayt ur e
I ncl udi ng  at @st a silicon con alnlngP recur sor ocessi n

precur soralgron?%“ [F8d#? BREFIMWElfX séﬂ%l?rﬁ@g% %Wépg{ €rP% ’Pfé':'dgal i con

cont ai ni rgoed| ecurr&oblwéntwfee@bgsﬂatferm aregrrﬁﬂiérsédniflo&ﬁé@gplaéecﬁl wetresd,
di sil ane, nethyl silane, dinethylsilane, trinet hg/l si |l ane, gztrarret hxl si | ane,
tetraet hd%(?%qslsﬁ‘ﬁesR@'ﬁ%?r d'tpP?@t'%H”i&/Erolcﬁﬁ"ﬁénQ $eigion 504 disposed in the tan

oct amet By fk ¥r6ddsaimgl Tranank SE Ty lﬁcﬁide%”@tfﬁ’éﬂéﬂpﬁly' SOREE 502MaSH)

tetramet hyl cycl otetrasSi| oxane (TMCTS), tetranethyl-diethoxyl disil oxane
( TMDDSO) ,segpisugRly pwise R ythatsney RUPRIDRINASHSING MiAin|or pregashid Spisiipn

disillyl gmonl‘ﬁe(tgﬁle‘)&o %WQ?M@PSG@'S%”%BH@%MTrﬁent the% first supply

Si xNyht , Cl zz- cont ai ni ng ecursors | nations thereo
source 512 may supply deionized (DI) water into the tank 502 and the second

supply source 514 may supply oxygen containing source into the tank 502. As
discussed above, suitable oxygen containing source that may be supplied
from the second supply source 514 to the tank 502 may include Os, Oz, N2O,
NO,, H2O vapor or steam, H»O, combinations thereof and the like.
Alternatively, the second supply source 514 may also supplied other suitable
acid or based solution, such as SC1 (e.g., s dilution of NH;OH/ H20,) or SC2
solution (e.g., dilution of HCl/ H2Oy), into the tank 502 to perform the wet
oxidation process. In one exemplary embodiment depicted therein, the oxygen
containing source supplied from the second supply source 514 is ozone that
may be continuously bubbled or supplied into the tank 502, mixing with the
deionized (D!) water supplied from the first supply source 512 to form the
processing solution 504 in the tank 502 for performing the wet oxidation
process on the substrates 400 immersed in the tank 502.

[0062] Thus, a method of depositing a dielectric layer that includes
performing a wet oxidation process on a silicon containing dielectric material.
The method is particularly suitable for depositing dielectric material filling
trenches or vias defined within a substrate. The wet oxidation process
advantageously replaces and converts silicon-nitrogen and/or silicon-
hydrogen bonding formed in the silicon containing dielectric material into
silicon-oxygen bonding, thereby providing a desired silicon oxide layer with
strong bonding structures and high film quality.

[0063] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
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3. The method of claim2, wherein the processing precursor is selected from
a group consisting of H2/ N2 m xture, N2, NH3, NHAOH, N2, N2H4 vapor, NO
N20, NO2,wbi20110842282, H202, wat er vapor, or conbi nati on®Criise@ofnss402t. The
nmet hod of claim2, wherein the silicon containing precursor is

trisillylam ne (TSA) and the processing precursor is NH3. 5. The nethod of
claim?2, wherein the substrate tenperature is controlled at |ess than 100
degrees Cel sius. WD 2011/ 084223PCT/ US2010/ 055402 6. The nmethod of claim1,
wherein perform ng the wet oxidation process on the dielectric materi al
further dompthe basic scope thertof, mpdtthe ssups thiertef isi ddiermniped bgdbe rctaims! ut i on
cont ai ni Hg t?n oxygen source, wherein the oxygen source is selected froma
group corf@¥dPING of 03, 02, N20, N2, H20 vapor or steam H202, NHAOH H202
solution, dilution of HO/ H202 sol ution, or conbinations thereof. 7. The
met hod of claim6, wherein the oxygen source is 03. 8. The nethod of claim
6, wherein the processing solution is ozonated deionized (D) water having
an ozone concentration between about 1 mlligram(ng) per liter (L) and
about 1000 mlligram (nmg) per liter (L). 9. The nethod of claim6, wherein
the processing solution has a tenperature controlled greater than 40
degrees Celsius but |less than 100 degrees Celsius. 10. The nethod of claim
1, wherein performng the wet oxidation process on the dielectric material
further conprises:
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replacing silicon-nitrogen and/or silicon-hydrogen bonds in the dielectric
material with silicon-oxide bonds. 11. The nethod of claim1l, further
conpri si YO 2011/08422er f ormi ng a thermal anneal process omrCrhs2axiosisazd
dielectric material disposed on the substrate. 12. The nethod of claim11,
wherein the thermal anneal process further conprises: anneal ing the
substrate to a tenperature between about 100 degrees Cel sius and about 1000
degrees Cel sius. WD 2011/ 084223PCT/ US2010/ 055402 13. The nmethod of claim
1, wherein the oxidized dielectric material is a silicon oxide |layer. 14.
A met hod WhafisrGlaimgedhis: oxi di zed dielectric material on a substrate,
cornpri sing: formng a silicon containing | ayer on a substrate by a
£l . L o .
of Og’?b:\lﬂ;ﬁz@ "OCSRS HNELRiing LS SlilibSP biSR0HR" Mlaishial 2YS" 2 NEMisRgr? Formula
comprising:
forming a dielectric material on a substrate by a flowable CVD process;
curing the dielectric material disposed on the substrate,
performing a wet oxidation process on the dielectric material disposed on the
substrate; and

forming an oxidized dielectric material on the substrate.

2. The method of claim 1, wherein forming the dielectric material on the
substrate by a flowable CVD process further comprising:

supplying a gas mixture including at least a silicon containing precursor and
a processing precursor into the flowable CVD processing chamber, wherein the
silicon containing precursor is selected from a group consisting of silane, disilane,
methylsilane, dimethylsilane, trimethylsilane, tetramethylsilane, tetraethoxysilane
(TEQS), triethoxysilane (TES), octamethylcyclotetrasiloxane (OMCTS), tetramethyl-
disiloxane (TMDSO), tetramethylcyclotetrasiloxane (TMCTS), tetramethyl-diethoxyl-
disiloxane (TMDDSO), dimethyl-dimethoxyl-silane (DMDMS), ftrisillylamine (TSA),
disillylamine (DSA), SixNyH.O.-containing precursors, SixNyH,Cl,-containing

precursors, or combinations thereof.
3. The method of claim 2, wherein the processing precursor is selected from a
group consisting of Ho/N, mixture, N2, NHz, NHsOH, N2, N2H4 vapor, NO, N2O, NO,,

Ha, O3, O2, H20,, water vapor, or combinations thereof.

4. The method of claim 2, wherein the silicon containing precursor is
trisillylamine (TSA) and the processing precursor is NHs.

5. The method of claim 2, wherein the substrate temperature is controlled at
less than 100 degrees Celsius.
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curing the silicon containing |ayer disposed on the substrate,;

I mrersing the silicon containing |ayer into a processing solution having an
oxygen sowpcell/ossei n t he oxygen source in the processiPag/Gsedaoszan2 at

| east partially replaces silicon nitrogen or silicon hydrogen bonds in the
silicon containing layer with silicon oxygen bonds; and form ng an oxi di zed
silicon containing |ayer on the substrate. 15. A nethod of form ng an

oxi dized dielectric material on a substrate, conprising: formng a
silicon containing |layer on a substrate by a flowabl e CVD process, wherein
the sili@n cahtangthod of elgian 1| whéimperfdnynimx fhesuetcoxidatian gascass xanuthe
containiqg tHLsiI IaqngﬁgﬁTSA .and NH3; curing the silicon containing |ayer
di sposed FHEFHE MAlE! fufher COMPriSes;et t i ng the silicon containing |ayer with
a processing | @t avbtigte ORithi & pereesksing deiutioh zesht4ifing wat @tygemher ei n

t he ozone disposed .in the deionized I ter has a concentration between

About 1. ML, MR ge BRI TGS 5 SSeB BB @ BroHH POTRB GG o 1 ¢ or

(L); and N "o, ANONEFHr 2 dtsam $R0,CRRLEHII D] solafio® Ndifutionssfastrat e.
H,O solution, or combinations thereof.

7. The method of claim 6, wherein the oxygen source is Os.

8. The method of claim 6, wherein the processing solution is ozonated
deionized (Dl) water having an ozone concentration between about 1

milligram (mg) per liter (L) and about 1000 milligram (mg) per liter (L).

9. The method of claim 6, wherein the processing solution has a
temperature controlled greater than 40 degrees Celsius but less than 100
degrees Celsius.

10. The method of claim 1, wherein performing the wet oxidation process on
the dielectric material further comprises:
replacing silicon-nitrogen and/or silicon-hydrogen bonds in the dielectric

material with silicon-oxide bonds.

11.  The method of claim 1, further comprising:
performing a thermal anneal process on the oxidized dielectric material
disposed on the substrate.

12. The method of claim 11, wherein the thermal anneal process further
comprises:

annealing the substrate to a temperature between about 100 degrees
Celsius and about 1000 degrees Celsius.
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13. The method of claim 1, wherein the oxidized dielectric material is a

silicon oxide layer.

14. A method of forming an oxidized dielectric material on a substrate,
comprising:

forming a silicon containing layer on a substrate by a flowable CVD process,
wherein the silicon containing layer having a formula of SixNyH;

curing the silicon containing layer disposed on the substrate;

immersing the silicon containing layer into a processing solution having an
oxygen source, wherein the oxygen source in the processing solution at least
partially replaces silicon nitrogen or silicon hydrogen bonds in the silicon containing
layer with silicon oxygen bonds; and

forming an oxidized silicon containing layer on the substrate.

15. A method of forming an oxidized dielectric material on a substrate,
comprising:

forming a silicon containing layer on a substrate by a flowable CVD process,
wherein the silicon containing layer is formed by exposure to a gas mixture
containing trisilylamine (TSA) and NHj;

curing the silicon containing layer disposed on the substrate;

wetting the silicon containing layer with a processing solution having Os;
disposed in deionized (DI) water, wherein the ozone disposed in the deionized
(D1) water has a concentration between about 1 milligram (mg) per liter (L)
and about 1 milligram (mg) per liter (L); and

forming an oxidized silicon containing layer on the substrate.
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