METHODS FOR FORM NG A DI ELECTRI C LAYER W THI N TRENCHES CROSS- REFERENCES TO
RELATED APPLI CATI ONS [ 0001] This application is related to a co-assigned
U.S. Patent Application having 5 attorney docket number A010498/ T69600, by
Nitin K. Ingle et al., and titled "CHEM CAL VAPOR DEPCSI TI ON OF HI CH

QUALI TY FLO%\IETFI?DS% PORNING {HCDTE?; CTEAPR WITRFENRSOR AND

ATOM C  OXY! Is a p cation Is also related to a co-assigned U S. Pat.
App. Ser. .11/ 754,924 hy Lubonqg# fil ed May 29, 2007, and
titled " PROCESS CHAMBER 10 FOR DI EL Q%P@%FI The application is
further related to = i | vi ng attorney
docket nunber 01630%@%%3%%%(:%%9 ﬁiﬁ£@%@&ﬂg¥ﬁ§| ., and titled
"H GH QUALI TY SI LI CON OXI DE FI LMS BY REMOTE PLASVA CVD FROM DI SI LANE

PRECURSngém Th%1§§%¢ﬁ@atﬁﬂnk%@ra$e&fo awﬁsglgh@d e0s aRRbACA Bpﬁ@én&{ ﬁavhie. eby
i ncorporated by reference for all purposes: BACKGROUND OF THE INV NTI ON

[0002 Theopissdsdket huaiticrx010eb8 BEO600, @}ehﬁﬁﬁﬂ( Inglerit hbgdsnd eitletlor mi ng
sem conductor structures, and nore particular to nethods for formng a

di el ect r 'CHEMIGALWAROR DEBQ%EI@N[@E@IEHQW%IB‘éﬁl@deH%E BILI&

ovi ce. s NG bR RGA RHEINGEONEA B - Db A0 I%%SWE?Egeggngﬁf ’
Lhe Str UES AN EENA i, BASRENAS RBIIRRL B LUGLULERC TOECRRER drhee] 240

hei ght t e aspec hes ormation conti nued

m ni at ur 7 2p3409040%y, LRk %@'al‘?h[éaJMa 0B, SntSitfd ¥ PROTESSTEHRNIBERNT al
width wthin and betvveen hesé el ements faster than their vertical hei ght.

25 [ 0004FOMDIELEQERMDIGAPYILI0" Mieeapidication i furtharrelated tda eveassignedeasi ng

aspect ratios has allowed nore of the structures 8 transi stors,
capaci t otsS. Rﬁt@mte/éppbcatlgn havingeatisapre doekrtaurmnber sé]@é £(078868US ey Abijit

of 't hose araptalel peal pacched el QP AdmRERON ABE R Gape ana

trenches ye HBSE AEHHE IS TRLGILIL AN PRRZ PRYSRE OThe 8Aflte contents of

the related applications are hereby incorporated by reference for all purposes.

15 BACKGROUND OF THE INVENTION

[0002] The present invention relates in general to methods for forming
semiconductor structures, and more particular to methods for forming a dielectric

layer within trenches.

[0003] As the device density on integrated circuits continues to increase, the size
20  and distance between device structures continue to decrease. The narrower widths
in the gaps of the structures and the trenches between structures increases the ratio
of height to width (i.e., the aspect ratio) in these formations. The continued
miniaturization of integrated circuit elements is shrinking the horizontal width

within and between these elements faster than their vertical height.

25 [0004] While the ability to make device structures with ever increasing aspect
ratios has allowed more of the structures (e.g., transistors, capacitors, diodes, etc.) to
be packed onto the same surface area of a semiconductor chip substrate, it has also

created fabrication problems. One of these problems is the difficulty of completely



during the filling process. Filling gaps and trenches wth dielectric
materials like silicon oxide is necessary to electrically isolate nearby
device structures fromeach other. If the gaps were left enpty, there would
be too nuch electrical noise, and 5 current |eakage for the devices to
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post-deposition processing of the layer, such as even etching, polishing, annealing,

etc. The voids and seams in the finished devices also create variations in the

dielectric qualities of gaps and trenches in device structures. This can result in

uneven, and inferior device performance due to electrical crosstalk, charge leakage,

20 and even shorting within and between device elements.

[0007] Techniques have been developed to minimize the formation of voids and

seams during deposition of dielectric materials on high aspect ratio structures.

These include slowing the deposition rate of the dielectric material so it stays more

conformal to the sidewalls and bottom of the trench. A more conformal deposition
25  can reduce the degree to which the deposited material builds up at the top or middle

of the trench and eventually seals off the top of a void. However, slowing the

deposition rate means increasing the deposition time, which reduces processing

efficiency and production rates.

[0008] Another technique to control void formation is to increase the flowability of

30  the deposited dielectric material. A material with more flowability can more quickly



fill a void or seam and prevent it from becom ng a pernmanent defect in the
fill wvolume. Increasing the flowability of an silicon oxide dielectric
material often involves addi ng water vapor or peroxide (e.g., H202) to the
m x of precursors used to formthe oxide |ayer. The water vapor creates nore
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formng a sem condu r structure includes reacting a silicon precursor and
an at®m ¢ilmxyhieh impaetan sareadedalpwabidisy tarthet félnp e Havesver oincedasing theOC or
less to forma silicon oxide |ayer over a substrate. The silicon oxide
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enbodi ment, the nethod further includes %r ovi di ng@t he substrate to a

deposi tion chanber; geneBRIERGUMMARYDE Toky PINEXGIIEMScur sor out si de t he
deposi tion chanber; introducing the atom c oxygen precursor into the

cha r; introducing the silicon precursor to.the deposjtion chanber,
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Accor di n@XygemaorirReEnpp &nylremaiitnrent , the silicon precursor is sel ected

15 [0010] According to another exemplary embodiment, the method further includes
forming at least one trench structure within the substrate, wherein the at least one

trench structure has a height to width aspect ratio of about 5:1 or more.

[0011] According to the other exemplary embodiment, the method further includes
providing the substrate to a deposition chamber; generating the atomic oxygen

20  precursor outside the deposition chamber; introducing the atomic oxygen precursor
into the chamber; and introducing the silicon precursor to the deposition chamber,
wherein the silicon precursor and the atomic oxygen precursor are mixed in the

deposition chamber.

[0012] According to alternative exemplary embodiment, the generating the atomic
25  oxygen precursor includes: forming a plasma from a gas mixture comprising argon;

and introducing an oxygen precursor to the plasma, wherein the oxygen precursor

dissociates to form the atomic oxygen. The oxygen precursor may be selected from

the group consisting of molecular oxygen, ozone, and nitrogen dioxide.



fromthe group consisting of silane, dinethylsilane, trinethylsilane,
tetranet hyl sil ane, diethylsilane, tetranethylorthosilicate (TMXS),
tetraethylorthosilicate (TEGS), octanmethyltrisiloxane (OMIS), 5
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[0017] According to an exemplary embodiment, UV curing the silicon oxide layer

15  has a processing time between about 1 minute and about 10 minutes.

[0018] According to alternative exemplary embodiment, UV curing the silicon
oxide layer has an UV wavelength between about 200 nanometer (nm) and about 450

nm.

[0019] According to another exemplary embodiment, a method for forming a

20  semiconductor structure includes interacting a silicon-containing precursor with at
least one radical nitrogen precursor at a processing temperature of about 150°C or
less to form a silicon-nitrogen containing layer over a substrate, the silicon-
containing precursor comprising two silicon atoms. The silicon-nitrogen containing
layer is UV cured within an oxygen-containing environment to form a silicon oxide

25 layer.

[0020] Additional embodiments and features are set forth in part in the description
that follows, and in part will become apparent to those skilled in the art upon

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



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] A further understanding of the
nat ure of sone exenplary enbodi mnents 5 nay be realized by reference to the
remai ni ng portions of the specification and the draw ngs wherein |ike
reference nunerals are used throughout the several drawings to refer to
sim|ar dbepertunessand adeamegenst thedeventiorsmalydisatealigedignd @ttainagl by meaas
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specification 10 to an existing sublabel, it is intended to refer to all

such nultiple simlar cBRIBR®ESCRIAIVORRDFTIEE DRAWENGowchart show ng an

exenpl ary nethod for formng a silicon oxide |ayer over a substrate. [0023]

FI GS. 2A-2D are schematic cross-sectional views show n? an exenplary method
a
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enhance CHBPYBABIS QXI enrpferenaeis sradsdoderafergace arayesal withgubsperificationet ch

25 rate ratio of. the,silicon.oxide layer. [0027]. Sone. exenpl ary net hods
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processi ng tenperature of about 150C or less to forma silicon 5 oxide

| ayer ov§0022] s &t ¢ & floWuhast dhovaingan denplyer neshod fofovimihgh s{lidéh cur ed

wi thin an oxygen-containing environment. O her exenplary nethods include

i nt eract iOPigiealaY‘Squ)YQ,fcﬂfﬁlth?ﬁlt ‘ning precursor with at | east one radical
nitrogen precursor at a processing tenperature of about 150C or less to form

a siliconemes|r |@es. TAMRLA fthematic cross-sectional views showing an exemplary

method for forming a shallow trench isolation (STI) structure.

15 [0024] FIG. 3 is a simplified flow chart illustrating an exemplary method for

forming a silicon oxide film over a substrate.

[0025] FIG. 4 is a configuration shows an exemplary chemical reaction process of
conversion of Si-Si bonds in a silicon precursor to Si-N(H)-Si bonds then expansively

into Si-O-Si bonds.

20 DETAILED DESCRIPTION OF THE INVENTION

[0026] Exemplary methods are described for forming a silicon oxide layer having a
desired film density, a carbon concentration and/or a wet etch rate ratio (WERR)
after a UV curing within an oxygen-containing environment. The UV curing may
desirably enhance the density of the silicon oxide layer and/or reduce the wet etch

25  rate ratio of the silicon oxide layer.

[0027] Some exemplary methods include reacting a silicon precursor and an atomic

oxygen precursor at a processing temperature of about 150°C or less to form a silicon



5 layer over a substrate, the silicon-containing precursor conprising two
silicon atons. The silicon-nitrogen containing layer is UV cured within an
oxygen-containing environment to forma silicon oxide layer. [0028] FIG 1

is a fl oykidanay&howr agubbtraie Miadilicorebkidd 1aydr it attiavgolat V) cwred withite
| ayer over a substrate. In FIG 1, a nethod 100 for formng a silicon oxide

| ayer 18n oypgeracentasingteavirennmant| (ibepexarepley niddhodd inclide indgracting a
[ 0029] Pr,i),cess 102 provides a sybstrate sucg,ﬁa?g substrate ZOO@ESshovm in FIG
2A) to HligepsentainiRedHsrdsPT WiHpaklepshaneraditad NHEQEBLPLEECHIIATASA subst rat e,
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| um nescence (EL) lanp display, or a light emttindg diode (LED) substrate,

f or exanpPhesiliconattregemboniaimingdaydrie UV uhsdd withii? 8 oxpygen-eohtaieingt | east
one structure, such as trench structure, well, junction, diode, transistor,
met al - oxfaeirermenbiedieros silicen @xide lager.t r ansi stor (MOSFET), interl ayer
dielectric (ILD) structure, inter-netal dielectric (IMD) 20 structure,

circuit, [((pbBET FREM KONHYRRArtShoWGhY hR &Em‘fﬁ&ﬂyox%%tm&@%&ﬁ%a kfiRpROf . The
(e”g., a 200 mm

o]
substrate 2 may be a sem conductor wafer . 0 nm 400 mm
etc. sil bgide lawydrerver alsubstate. dalddd. fpatsethdd 06 fhasformting 2Gliconyoxidy ayat
| east one trench such as trenches 210 forned therein as shown in FIG 2A
[0031] | avelonsubsitase meaninsluder prosesses 002443, fgeaxample.an at oni ¢ oxygen 25
precursor outside the deposition chanber. The atom c oxygen precursor nay be

gener at eﬁ)oag} fp%ce%qapgﬁovihlaga%s%%%kﬁas Qhibta @00 §Eh SRALAIFIGENEA) to
precursor such as nolecul ar oxygen (02), ozone (03), an nitrogen-oxygen

conpounda depgsitioNGhahb2r. ThEQubstrate)200andy be agdliconxsidsracgaddluvid (e. g., H20,
H202, etc.), a carbon-oxygen conpound ( e..%.@, CO, Co2, etc.), as well as
ot her oxyem@poubddisabsiraty, psdizong gesmamdnd (Sice)bubatrdtoan epi-prhstiatesars. 6
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light emitting diode (LED) substrate, for example. In some embodiments, the

substrate 200 may include at least one structure, such as trench structure, well,

junction, diode, transistor, metal-oxide-semiconductor field effect transistor

(MOSFET), interlayer dielectric (ILD) structure, inter-metal dielectric (IMD)

20  structure, circuit, other semiconductor structure or various combinations thereof.
The substrate 200 may be a semiconductor wafer (e.g., a 200 mm, 300 mm, 400 mm,
etc. silicon wafer). In some embodiments, the substrate 200 may have at least one

trench such as trenches 210 formed therein as shown in FIG. 2A.

{0030] Insome embodiments, process 104 may generate an atomic oxygen

25  precursor outside the deposition chamber. The atomic oxygen precursor may be
generated by, for example, the dissociation of an oxygen containing precursor such
as molecular oxygen (Oz), ozone (Os), an nitrogen-oxygen compound (e.g., NO, NO,,
N20, etc.), a hydrogen-oxygen compound (e.g., H20, H203, efc.), a carbon-oxygen
compound (e.g., CO, CO, etc.), as well as other oxygen containing precursors and

30  combinations of precursors.



Pl asma di ssociation may involve striking a plasma fromhelium argon, etc.,
in a5 renote plasma generating chanber and introducing the oxygen precursor
to the plasnma to generate the atom c oxygen precursor. [0032] Referring

again t p[dﬁbﬁn In sORRESSo G TR the Wids86idE6n 0F eh@bRjd én xMERling Pré@&ifSort O t he
depositi on chanber where it may mix for the first tine with a silicon

pr ecur sotq genterate the atorhicoohyget prectiiser depolse donaby berdmneal diysquiatcess 108. I n
process 10 110, the highly reactjve atom c oxygen precursor may react with
the siliabravieletligbbdissagiafion andiar plesna dissesiappacamens otherametigdspe
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ot hers. [0034] In sone enbo the silicon precursor may be m xed with
a carr i etheggp®ceShdaimperadiiredor fdrgninigsthe Bilicodusdid ©aylee 220 enadelpobétiveen
chanber. A carrier gas may be an 7 inactive gas that does not substantially
i nt et er ebautt-h0Chend ebeat 18hCofTheHermrtidn of thersiliopn phisleslaper 22t mayExanpl es
f [ i ncl ude heli : : d
o carti ?erdu%%s 1rshelngi%nlsj: 0 the? trlegc eanEi%r]co tﬁerz ?r?lens?igns of the trenches 210a. In
some embodiments, the process 110 may have pressures between about 0.5 Torr and

about 6 Torr total chamber pressure.

[0033] The silicon precursor may include an organosilane compound and/or

20  silicon compound that does not substantially contain carbon. Silicon precursors
without carbon may include silane (SiHi), among others. Organosilane compounds
may include compounds with direct Si-C bonding and/or compounds with Si-O-C
bonding. Examples of organosilane silicon precursors may include dimethylsilane,
trimethylsilane, tetramethylsilane, diethylsilane, tetramethylorthosilicate (TMOS),

25  tetraethylorthosilicate (TEOS), octamethyltrisiloxane (OMTS),
octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane (TOMCATS),
DMDMOS, DEMS, methyl triethoxysilane (MTES), phenyldimethylsilane, and

phenylsilane, among others.

[0034] Insome embodiments, the silicon precursor may be mixed with a carrier gas

30 before or during its introduction to the deposition chamber. A carrier gas may be an



hydrogen (Hz), anobng other gases. Details about formng the silicon oxide
| ayer 220 may be described in a co-assigned U S. Patent Application having
attorney docket 5 number A010498/ T69600, by Nitin K 1Ingle et al., and

titled "fbEWCoks RlPEBes REPS st (Finkl Ete QWb ke fdrn{Mdd SEheldxidOhinR! OXI DE
USI NG A SILI CONTAI'NI'NG PRECURSCR AND ATOM C OXYGEN', the entire

cont ent sowtheMiibslrate. eExeanpley of eanigrgasteihchyde kéleurapneod, argah/arplir poses.
100351 I n sone enbodi nents, the atom c_oxygen precursors and sjilicon
pr ecur songdrogendHe), asrong qiber gasesr Odtailngboutfpoming the slicoroyegdayari 28

or acur somar edscHpes it s oPe siegﬁtﬁﬁE%Ehfﬁcgﬁg%ﬁif%%ﬁH%}?ﬁf%ﬁ%%r%'ﬁ%rydozﬁga;?E,Ed
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inl et di pepCSITIEGNIOPMICH (AR PR CWYDEE $H.IDCNN WISXIDRUSING Act i on
substantially perpendicular to the substrate deposition surface. |In other

enbodi neSHLICONERNTAIDIANG BRECIRSORBAND ATOMETDNEGEN "ntveeentiral et s ar ound
the sides of the depositjon chanber. The inlets y direct the flow of the
si | i con gdents£6whigh gretherebyiprorpoprtsdibyeredrgneaforalepurnosehe depositi on
surface. 10036] Additional enbodinments include sending the atom c oxygen

pr ecur sopp935ynd[2bbriik lelh I iR1eAE) tRO hforh i (oY gbn PREAITEO B AT dilicéH gaecwédris - port
shower head. For exanple, a showerhead positi oned above the substrate may

i nclde arepaitireixad dfefapdreimgintfaducedhe the depositios dhanmertreThetpredeposs ti on
chanber. One subset of openings may be supplied by the ataom c oxygen

pr ecur somaywriterethg chambea thnpmgd spatialp sapargsed precysgy inkeds gisttibated; | i con
precursor. Precursors. trayelin rough different. sets of 25 opening may be
Pl b al y SiordiiBh PoRitonal s i, FarERTmE the g e S RES dEFduPRt BRY chanber .
Addi tion ' . . ' ' ui pnent
s descr tghFp 47 BB ibKRGS M 7! BRNIog T ARG M Ty B
Lubom r siite@ly @bove the@dbbadte? Thel@let difdes fhetfled of BROHoRS GRHMBER FOR
Dl ELECTRI C GAPFI LL", the entire contents of which are hereby I'ncorporated by
30 rEf er precardonin aldirquiiopcsibstandiall§GTpendiculae tatlhesubstratgdappsitionr sor s and
silicon precursors react in the .

surface. In other embodiments, the silicon precursor may enter from one or more

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

the silicon precursor in a direction approximately parallel to the deposition surface.

[0036] Additional embodiments include sending the atomic oxygen precursors and

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

25  opening may be fluidly isolated from each other until exiting into the deposition
chamber. Additional details about types and designs of precursor handling
equipment is described in a co-assigned U.S. Pat. App. Ser. No. 11/754,924 by
Lubomirsky et al, filed May 29, 2007, and titled “PROCESS CHAMBER FOR
DIELECTRIC GAPFILL”, the entire contents of which are hereby incorporated by

30  reference for all purposes.



deposition chanber, they formthe silicon oxide |layer over the substrate.
The initial oxide |ayer has desirably flowability, and may quickly mgrate
i nto gaps, openings, trenches, voids, seans, etc., in the structures

present 3vhe Adapeskdmao HorSaid siliceWpréfarsort feaet ihQfet 0 provi de
Fm VFhat are substfﬁﬁ v 2 P > 9

oxi de fi ially free of voids and seans in gaps,

t r enchesdepodition kkambar, fthey fatm thd sitiesn okidedayer @rdydhe sebstsatet Ahe initi@hches
210 forned W|th| n the substrate 200 nay have high height to width aspect
ratios "eiige lagerdhas demirably f&%wabﬂwlan%mfy rigkl ygm_gra% nto gaps, opﬂ}m_gsr and

to a par FEBgHes: voiBoRimy fic i Srapmatipara uthd RRbsitol hetssy 48k 0"
pr ecite[ isgg%g»g%é ﬁé?ﬁod P00 &S gjc_?v onif bhﬁﬁg @alt bs%&lﬂwr@of §&a§%ﬂar ation

of s roxyl group ( ese onds npart the

I ncr easegkdmoipgips) trentlees, Bﬁdsatmesmfawsd@chmeerln Jheeienbodinenitd, ileon oxi de
layer nmay contain a |evel of carbon therein. The Si-OH bonds and/or carbon

may i ncr Has&@&lorfenwed veitlim matsgbstaahe&OOVERRha‘aﬁhlgh keight ta widibraspaet of

t he deposited | whi ch an reduce th t f th p03|te oxi de,
and its EtiascH éfs% é@sé’fé‘I%QHf51 §|1 6ﬂr§&&?cio [18(5[391‘ ﬂgfk‘i’rr‘inﬁ’ §F)d§ain to
FIG 1, %ocess y W cure the silicon oxide |ayer forned by the
process D Prln gen-contai ni ng environnent. The oxygen 20 contai ni ng
envi ronment may |nclude m xture of oxygen (02) and ozone (03). In sone
enmbot me[038] oXdhide nit W|1shlng¢o v bound tomyparsivelas tlp@myetheaghcm peﬂs@morw% or

|l ess. I n other enbodi ments, the ozone within the m xture ggut 12%
The pr ogRd she atonyis PXKEER PAEGHBRISIBRAY §eack S ER as DB 1has ghand

bet woen SEBBAEOR ChRER AR sBbet BT é%n&ZnﬁE‘—ynss%veoﬁ‘nﬁ%ﬁrﬁﬁgﬁ' 2
processi ag hicfBsbd floRRBH té/]tg thik BHicBA: oxTéR%la#}X r.CYhé E}Qtlﬂpéihk'&%xféﬁ 1

wavel engt h bet ween about nanonet er and about 450. In so

enbodi memay, conlt€indMevdl o ft@rbdYy thgeirt @Flid $iOPUbonds andyasra@ber MdyMnkcidage
chanmber of a Producer SETM mai nfrane, available from Applied Mterials,
baself i nttBawetetch ante ratal (WBRR) and deelectric constant of the deposited layer, which

can reduce the quality of the deposited oxide, and its effectiveness as a electrical

insulator.

[0039] Referring again to FIG. 1, process 112 may UV cure the silicon oxide layer
formed by the process 110 in an oxygen-containing environment. The oxygen-

20  containing environment may include a mixture of oxygen (O2) and ozone (O3). In
some embodiments, ozone within the mixture may have a percentage of about 18%
or less. In other embodiments, the ozone within the mixture may be about 12%. The
process 112 may have a processing temperature between about 20°C and about
650°C. In some embodiments, the process 112 may have a processing time between

25  about 1 minute and about 10 minutes. In one embodiment, the processing time is
about 10 minutes. The UV curing may uses an UV wavelength between about 200
nanometer (nm) and about 450. In some embodiments, the UV curing may be
carried out in a NanoCure™ UV twin chamber of a Producer SE™ mainframe,

available from Applied Materials, based in Santa Clara, California.
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[ 0040] The process 112 may densify the silicon oxide |ayer 220 to the

silicon

the concentrati on of the

oxi de

| ayer

Wi thin t[0846] | TROPrévessle12 awgr

their

results are shown in Tables

o

220a as shown in FIG 2C. The process 112 may reduce
Si -C]—I bonds and/or the concentrati on of carbon
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[0041]

In Table I, precursors A and B are silicon oxide layers with different carbon

concentrations formed by, for example, the processes 100-110 described above in

conjunction with FIG. 1. The precursor B has a level of carbon higher than that of the

precursor A. The silicon oxide layers indicated by "precursor A" are subjected to

different curings such as nitrogen (N2) curing, UV-Ar curing and UV-O; curing at a

processing temperature of about 390°C. It is found that the carbon concentration is

reduced from about 1.4 (As-dep.) to substantially near to 0 (UV-Os3). The wet etch

rate ratio (WERR) of the oxide layer is reduced from about 35 (As-dep.) to about 5.8.

The density (1.7939) of the as-deposited silicon oxide layer is increased to about
1.9600 (UV-Os curing).

[0042]

For the precursor B with a higher carbon level than the precursor A, it is

found that the carbon concentration of the oxide layer is reduced from 6.6 (As-dep.)

1
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oxi de layer is increased to about 2.0022 (UV-03 curing). Accordingly, the
W-03 curing may densify the as-deposited silicon oxide |ayer and desirably
reduce the 5 WERR of the silicon oxide |layer. [0043] According to Table I,
it is al %Jw%ﬁlam W VQ3;) CUhE Gyt didte ite Pt W HIEYGE réifdced fhdgher
density than that the Ar cured silicon oxide layer ‘or that of the N2
cur ed mino@@&mﬂ@i(%é -dyp)) to Abeut 5. TBecieneity $1.491D)of tké dedepysitedndlican | ower
VERR than that of the UV-Ar cured silicon oxide |layer or that of the N2
cured siPxidedayerds indrersefldpabout 39082 fUPrQecitiing). AX@Oédurg«ibrtheli\é@ 300C

390C 500C 100C 2 300C 400C 500C nsi t 9794 979 9600 0342
19683 1Y TSR 0 35-JEPd SPEPRONISTEBRARa segtabl redice s o

VERR &. 1@@&@1 1ﬁcc?n§x1%eg LA 5.0 4.5 (100:1 DHF) [0044] In Table 2,
the silicon oxi siayers I'Nditated with "Precursor A" are subjected to

UV-03 curi ngkat di fferent tenferatures ﬁ 100C, 300C, 390C and 15 500C;
and the BO#3koAcesiding tejfable I ids slspdaung that'thedVir Socured siligom axidect ed t o

s T ounEnde s ReEsylsasiy R Skt 47T sbed ica ASrs SHRLOVERACH 1 he
silicon th%XnguIIeﬁys?l rf‘éxﬂ@?a)eé' e\f[ﬁl%stgOé%Hpe% QIIH(SI?OQ{deg??HIt hadPPfower! [0045]

FIG 2D IS a cross-sec how ng an ex structure.

FIG 2D, WERR ehA¢tHat 6f MRy BV-A3QusslE biliesn dxftiedly éle@ﬁ&iay opﬂemecﬁfwmﬁ@dn vapor
deposition (HDP CVD) layer is fornmed over the cured silicon oxide |ayer
220al0 Si oxide layw. cured silicon oxide [ayer 220a has a thickness at the
bottomregion of the trenches 5 210 larger than that on the sidewalls of the
trenches 210, the aspect ratio of thel"ableZ

Precursor A Precursor B

100°C | 300°C | 390°C | 500°C | 100°C 200°C 300°C 400°C | 500°C
Density | 1.9794 | 1.9792 | 1.9600 | 2.0342 | 1.9683 1.9794 19600 | 2.0022 | 1.9731
(g/cc)
Carbon 0 0 0 0 11 0 0 0 0
(%)
WERR 6.1 64 58 47 25 3.0 44 5.0 45
(100:1
DHF)

[0044] In Table 2, the silicon oxide layers indicated with "Precursor A" are
subjected to UV-O; curing at different temperatures, e.g., 100°C, 300°C, 390°C and
15 500°C; and the silicon oxide layers indicated with "Precursor B" are subjected to UV-
O3 curing at different temperatures, e.g., 100°C, 200°C, 300°C, 400°C and 500°C. Itis
found that the UV-O; curing may achieve desired density and WERR of the silicon

oxide layers at the processing temperature of about 100°C.
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trenches 210a may be desirably reduced. Accordingly, the dielectric |ayer
230 may be formed and filled within the trenches 210a w thout substantially
form ng seans, gaps or voids within the dielectric |ayer 230. [0046] In

sone enb@04FenFEG. 2Mes dewlsestcticndl ayer sR3WimEyn kresipld g Hdttuetaret iar mal 10
treatment such as an anneal :E)rocess (not shown). The thermal treatnment may
desi r abl §IGi&hkiafdielentricliagped?¢ such apahighadensity plasren chamiedl vepes, t he

b Ao e 2 Ml s s Bl e
sio:rprrFi f?@g C?’?%@}@’Eélﬂ{% "W‘Tfﬁ £ lf %%(?hﬁ%as%g}? er (Saf?(iér%pq %%/élgﬁ%té%%)oéf éfg‘;leﬁé&%%@sng a

si |icon mdlq%é‘rithaih NS orpthRUhgéwall€of 1HR thdifehed 210 NBe ABHERFBO0Of BRY utili ze
the chem cal Teaction process described below in connection to FIG 4 to

forma w®ehileeR10xinttsy bé Hesirdbip npdaced. ecdondingy), thayli¢lactriedeyer 230 may

non- exhaustive series of steps to which additional steps (not shown) may

al so be briffathedand GHed withiarthe trenshes 210awitheutsubsipnfially Keayng seameny

vari ations, nodificati.ons, ,and al erngzts," ves. In sonme enbodi nents, the

met hod 3BRPSRYVqiAE Within f‘%\?‘i"g?q&c axd br ate in a deposition chanber (302);

and introducing one or nore silicon containing precursors wth at |east a
Si -Si bojdd46ln ihsdrhe ebdlgclibrentd, therdwdedtrit Myer CBE nigpbs stibjected tarithermiB04) .
The net hod 300 may i nclude generating one or nore radical nitrogen 25

pr eclf} sofrsatmodsuckes apeamghkpraches @es shewmpr Ehe thire! trgatmegemagr ecur sor s
be enerated i, renpte. nj as system co ed to the

Gopos: ti iy aensity froodlecRiclaer P oo MRn g R maats HES BISSErHS fPhe one

or nore B j LSQrs..i 1.t lgg%r 08). The

met hod 3 gﬂ{rlrfégk}rlé;g%eg&gﬁg1agfé"r9%@@8;@%@&%%?@%@%&?%@%(g rs ahgﬁ"?he)one or

nore sil ifesh 6%%4?@@0551@6\!%%@G3QBX&%?)betf@nfn@ﬂfﬁr@i SurattAlydiletirct ri c

filmwith Si-N(H)-SI bonds on the substrate. In 12 sone enbodinents, the

process GéAchmsyY1lhave a processing tenperature of about 150C or |ess. [0049]
I n sone enbodi nent, the one or nore silicon containing precursors used in

the (VD @Q&ﬂes?I(ﬁ.@is%dsqn{B‘l1fIédpﬂ18w'E¥1‘3¥t°1¥1¥1lstr9ﬁR§ BRotHr REMIAR) REHIR for

f r améwor
forming a silicon oxide film over a substrate. In FIG. 3, the method 300 may utilize

the chemical reaction process described below in connection to FIG. 4 to form a
silicon oxide film. Exemplary method 300 may include a non-exhaustive series of
steps to which additional steps (not shown) may also be added. One of ordinary

20  skill in the art would recognize many variations, modifications, and alternatives. In
some embodiments, the method 300 may include providing a substrate in a
deposition chamber (302); and introducing one or more silicon containing precursors
with at least a Si-Si bond in their molecular framework into the deposition chamber
(304). The method 300 may include generating one or more radical nitrogen

25  precursors (306). For example, the one or more radical nitrogen precursors may be

generated in a remote ammonia plasma system coupled to the deposition chamber.

[0048] The method 300 may include introducing the one or more radical nitrogen
precursors into the deposition chamber (308). The method 300 may react one or
more radical nitrogen precursors and the one or more silicon containing precursors

30 (310) to form a flowable dielectric film with Si-N(H)-Si bonds on the substrate. In

12



5 The hydroxyl groups are retained in the CvD-deposited film providing a
flowlike characteristic of the filmthat is simlar to that of conventional
SOG (Spin-on-A ass) film Because of the flowlike characteristic, the
CVD-deposited fil mbased on nethod 300 tends to be collected in the bottom
porti on soimeserbbodmentyatheqrotessidh majuhavga phecaseipgstempemature dbisbengt t he
occurrence of voids around the center of the 10 gapfill or STI trench. In
anot her 'oRBe87 #SAt, the one or nore silicon containing precursors with at

|l east a Si-Si bond in their nolecular frameworks include disilane and/or

pol ysi | §0849)r elpiyoine mbbliemehtith@oas ohawsre ailkonGodtdinirty proutsdrs ubddin
nol ecul ar framework while the pol %SI | anes nmay have nultiple Si-Si bonds. For
exanpl e,thdiGVID precespiindlude infieltiphe hydinsyl granpsindhrirbgolesalar framewarkag al koxy

15 dISI| nes aIk xy-al kyl disil | koxy etoxy j silanes.

addi i o fsrsounf.agﬁr%ﬁ&e i e &ﬁé‘ @2@ 31%35 S¥dlikgsed. o
cour se, ski e art. n

variati gracg?ffhﬁo(glt#gﬂ EIS Hm V\gggetéﬁg ?lgnér(%)t? r(Jﬁ@bé%&% O|(§£HY§S%£
precur sqfjs. BRARGE of heSPowR- lﬁf@&fyrgﬁgh%c HRECWMYRleBbb#QYEmIRREd 88 (such as
-N, -NH, and - 20 NH2) used in nethod 3060 nay be §enerated by introducing

anmoni a rhddHdM 300 tands earbé eoliidctedrin MMm;gimhbﬂ b sebgtk e a psytsttarchmay
i nclude a separate chanber that is coupled to the deposition chanber. The

deconposduring) thsf d%pﬂﬂimla reducmg the @mreem%@mléy aramdbthedieater afdbe cal

ni tr gen pr cur h as dro rene radicals like NH or, NH2. Atom c
hydr! gerga(Hf-Fi cté‘? 9 aé‘o B efttethe s OTmOzS SiEPR CORGARIBE t r ene
and hydr r I [ The
i cal Mo E B PLE rETRE Bh A P pRAESTar P e SR an TR S B,

chamber AMEI® dolgsiRe inécﬁmbﬁs SFHd &@ﬂa&&m@eru S g SIBINEAE i theue been
i ndependent|y |ntrodu d. For exanple, the reactive nitrogen precursor my

be transbkcukd ftamewgtk evtdleahe pobpilanediday e miultipler$i{si bonds.oFor s
introduced through 30 a plurality of fluted nozzles, Details about formng

the silieompgydishanasivihdifigrent substitsenisepnie wede mob'é@lmlgnalboé)b assi gned
u. S Pat catian .h v att docket nber 01/ 078800US, by
P 1151 ¢ BlareRe kb Rl a ks pred oGy TPy ISPERRR NI DE i LIS
BY RENDT&aﬁJrﬁ@,/%héﬁéReEw R g‘cflelr%%ologues may also be used. Of course, one of

skilled in the art would recognize many alternatives, variations, and modifications in

the selection of di- and polysilane precursors.

[0050] Insome embodiments, reactive nitrogen species (such as -N, -NH, and -

20  NH_) used in method 300 may be generated by introducing ammonia (NHs) in a
remote plasma system. The remote plasma system may include a separate chamber
that is coupled to the deposition chamber. The decomposition of ammonia in the
remote plasma system produces radical nitrogen precursors, such as hydronitrene
radicals like NH or NH2. Atomic hydrogen (H) radicals may also be generated. For

25  example, hydronitrene and hydrogen radicals are generated in process 306 of the
method 300. The radical nitrogen precursors may then be transferred to the
deposition chamber where the one or more silicon containing precursors have been
independently introduced. For example, the reactive nitrogen precursor may be
transferred through a showerhead, while the silicon precursor is introduced through

30  aplurality of fluted nozzles. Details about forming the silicon-oxygen containing
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PRECURSORS", the entire contents of which are hereby incorporated by
reference 5 for all purposes. [00511 After the formation of the
silicon-oxygen containing layer, the method 300 may include UV curing (312)
the CVD deposited flowable dielectric filminto a silicon oxide filmwthin
an oxygdayeomaibei degcshed rmanefatsmgnhéu,@ B@tenhgppbmt)lon hayinigwttaraeya fil m

count or dackebnnmter GRS RIVEZBARS s it dasp TGk et ohetd BE5RyHIGROUDS
fromt h Qéage iS5 dé@)@h Hﬂlﬁﬁn@gmhmhoﬁ‘@ E@MRC@VEJ FI%@MHIEQ&N ansi on

and shr VO ree ‘si |con oXli al so has

a reducepREQURSERS" the QitirelRakdrg ofj%léfpal%tl{é?éﬁg%&Qpaﬂité@bzqgw@%ed_Ur ing
the deposition and anneal. 15 [0052] In sone odi nent s e UV curing

(312)5 mefprbH mirpbsesr to the UV curing (112) described above in conjunction
with FIG 1. The processes descri bed in conjunction vvith FIG 2D may

cooper atost ! NaHE PR RO AR Bl Gon donlfingoly B ARG B0Y 11 the

art nmay e process esire erh con

Structur@ay 2&1&99553&c5f1 #2) %h@@mfde%%éﬁ‘éd gowabiearlédAt iymsheya ng an

exenpl ary chem cal reactlion’ process conversion of Si-Si bonds in a

si licon gilienuexde film Withi¥ b oSy gevoodtiningrerexpansénteThei BV cusing@382) bonds.
This diagramis nerely an exanple, which should not unduly limt the scope
of the cmaynsclnde eifim exparsiorodup ﬁaﬂye exiviersion of & (BHtSienidd te SE6YPI ze

Feadth orPaissNeUis {OREASCA DI KPEp S P o5 FTBRELY G RErIw] Bl
si i con &8{?4%’1’:\?@ RUREHEI Y Ao 2hs1PFE pOARCStr Ble PANGxpIASH th 2

radi cal rogen Sped 8s generated Frorm econposi ammnl ain a

renote dMr eléad® to PdNRSVBIA BEEETiCERBRIEL £lnY thAtRS Ags @'e&ﬁﬁdeﬂl on of the
flowable Si-N(H - Si film. The CVD process | eads to conversion of Si-Si

bonds i nprobabiit} iof orachirerdus ¢o st3€sses beimgantrodared during th(ddpoSitidmoards. The
Si-N(H)-Si bonds are then converted to Si- 14 O Si bonds during a subsequent
UV- 03 cu%fifﬁ‘g where the annealing may be done in, for exanple, an
oxygen-containing (e.g., a mxture of oxygen and ozone)

15 [0052] Insome embodiments, the UV curing (312) may be similar to the UV curing
(112) described above in conjunction with FIG. 1. The processes described in
conjunction with FIG. 2D may cooperate with the method 300 shown in FIG. 3. One
of ordinary skill in the art may modify the process flow to achieve a desired

semiconductor structure.

20 [0053] FIG. 4 is a configuration schematically showing an exemplary chemical
reaction process of conversion of Si-Si bonds in a silicon precursor to Si-N(H)-Si
bonds then expansively into Si-O-Si bonds. This diagram is merely an example,
which should not unduly limit the scope of the claims herein. One of ordinary skill
in the art would recognize other variations, modifications, and alternatives. As

25  shown, the chemical reaction is a CVD (Chemical Vapor Deposition) process during
which a silicon containing precursor with at least one Si-Si bond is mixed with a
radical nitrogen species generated from the decomposition of ammonia in a remote
plasma (i.e., a plasma formed separately from the deposition of the flowable Si-N(H)-
Si film). The CVD process leads to conversion of Si-Si bonds in the silicon precursor

30  (or precursors) to Si-N(H)-Si bonds. The Si-N(H)-Si bonds are then converted to Si-
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environment. [0054] In sone enbodi nents, the CVD process includes
introducing at least two 5 reactants independently into a deposition
chanber and letting themreact at a pre- determ ned condition. In one
enbodi ment, a first reactant can be one type of precursor selected froma
group cdAstidondg detring «w@segugnt bINe@;a citikgxyhardthe armeglingapay be done in,

Al koxy- Acet o si | anes, | | anes., For . exa the Al koxy
Di silan rFﬁ%ﬁ{‘E@e agloz%fgp@)cg g‘? I§ & Mirhaze o@@@%@r&i Mdxy Disilanes,
and 10 Sérg‘%‘ Met hoxy Cycl ohexyl sil anes, where Et denot es Ethyl group
(C2H6) an enotes Methyl group (CH3). In another exanple, the

Al koxy- Al g D|S|Ianes ma i ncl ude_Si 2(EtO)4(|Ve 2 Tetraethoxy D et hyl
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Cyclohexylsiloxanes. In yet another example, the Alkoxy-Acetoxy Disilanes may

include Si2(AcO)s Acetoxy Disilanes, Siz(Me)s(AcO)2 Tetramethyl-Diacetoxy
Disilanes, and Siz(Me)2(AcO)s Dimethyl-Tetracetoxy Disilanes, where Ac denotes
Acetyl group. And in yet still another example, the polysilanes includes

20 cyclopentylsilanes or other subinstitutes. Either one of these precursors mentioned
above may be supplied into the deposition chamber without meeting any of the

other reactant for the CVD process.

[0055] In other embodiments, the other reactant for the CVD process may be a
second reactant including radical nitrogen species generated from remote ammonia
25  plasma. For example, the radical nitrogen species may include nitrogen ions,
hydronitrene radicals NHx, where x =1, or 2. Because in the molecular frameworks
of those Disilane or Polysilane based precursors there is at least a Si-Si bond which is
highly reactive, the CVD process may result in a product containing a plurality of Si-
N(H)-Si bonds in addition to hydroxyl groups and carbon-based species. For

30  example, the product is a silicon carbonitride film deposited on the substrate. The

15



exi stence of those hydroxyl groups and carbon-based species. [00561 I n sone
enbodi nents, the subsequent UV-03 curing within an oxygen- contai ning

envi ronnment i nduces anot her chem cal reaction between the silicon 5
carbonitride filmand oxygen (0). This reaction is an oxidization process in
whi ch t G¥Dsdesgadjtedisiliromdcarhontteide filinds ansupbons and dlowablendiue tedheer t ed

into Si-O.Si bon resulting a formgtign of an siljcon oxide film One side
pr oduct ?@@tepﬁ%Pgﬁpsmﬁxﬁr%a&{Papmn ﬁa’gﬁﬁ“%%searﬁi’@ﬂﬁeét el y punped out through
an exhaust systembuilt for the chanber. 10 [00571 Were a range of val ues
i's provi[0e8e6] i In semerdesatinmhtd, tht sebslquent EMe@gicagingwaithin an oxygen-t ent h of

the unit of the lower limt unless the context clearly dictates otherw se,
bet ween €dHainipg eneiienmenéindyqes aaotiferchemiead feaction katwgenghe silicenl | y

di scl d. . Each | | t . st.at ed I int I, I
n 5 St SEBP R AIAASY SR - SUSF EPeH T P RGO BFOESE Y BIRTH st ot o
R A e R S P A

range, ap@uR#fda FGEfion\beaEsBchA OkiddElink hEnediddptdiddtmhdpirledd Rgfuded in
the smaller ranges is also enconpassed within the inventi'on, subject to any

speci f i caininyordéx sthidiedah beiinmediatedy paingpestoniathgeughhsreshahst systene builange
i ncl udes one or both of the limts, ranges 20 excluding either or both of
t hose i nfardBeehamber.s are also included in the invention. [00581 As used
herein and in the appended clains, the singular forns "a", "and", and "the"

i ncl ude posyRp! WEérriinge wihahifestid pr&vaba Xt ichRdérsioddl HHalbch RItERIMIEE-
Thus, for exanple, reference to "a process” may includes a plurality of
such pr ocasse® thedenthedfehe mrét ofothélbwenhinit etilesnthd cunltedeleatedetates t 0 one
or nore nozzles and 25 equival ents thereof known to those skilled in the
art, andodsrwise: hetwesosthe uppes anddewgs ligeits ofoigt range is alsorgpeciicaly -

L S o SRS SRR R 2
o1 esence B BP0 A one b e Ps ERPREni ke R BB BRBEY S rponent s,
stepss Oén@mep@sed 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 range. Where the stated range includes one or both of the limits, ranges

20  excluding either or both of those included limits are also included in the invention.

[0058] As used herein and in the appended claims, the singular forms "a", "and",
and "the" include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to "a process" may includes a plurality of such processes and
reference to "the nozzle" may include reference to one or more nozzles and

25  equivalents thereof known to those skilled in the art, and so forth.

[0059] Also, the words "comprise," "comprising," "include," "including," and
"includes" when used in this specification and in the following claims are intended
to specify the presence of stated features, integers, components, or steps, but they do
not preclude the presence or addition of one or more other features, integers,

30 components, steps, or groups.
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WHAT IS CLAIMED IS: 1 1. A nmethod for form ng a sem conductor structure,
conprising: 2 reacting a silicon precursor and an atom c oxygen precursor
at a 3 processing tenperature of about 150C or less to forma silicon oxide
| ayer over a 4 substrate; and 5 ultra-violet (UV) curing the silicon oxide
| ayer within an oxygen- 6 containing environnent. 1 2. The nethod of claim1l
further WoidTIISIGIAINEDRIIBg at | east one 2 trench structure within the
substrate, wherein the at |east one trench structure has a 3 height to

wi dt h aspect ratio of about b5: nore. 1 3. The nmethod of claim.Z1 further

conprli sing: 2 proVidi rﬁmﬁ@()éffeg?qrgﬂlegtaosegﬂa%_%@tpr SHUEHERILMPESIBEner at i ng
the atomc oxygen BLagt 8 2MicBH!Relf bl End SROSRIOByy dor BRRRRGY a?a) N 0AUCT NG
or t'o 7éY rﬂ (0] fa

t he atom c oxygen p?ecr_llﬁ_ I'n € chanber’ and ntroducing the silicon
Pr ecyr SQbrok&ssintet bireQJF aBBAFDSHOC WBESiYorth 4 Sificsh bkmagéﬁswrsepr and
t he atom ¢ oxygden ecursor are mxed in the deposition 8 chanber. 1 4. The

nmet had ofubstrateyald wherei n generating the atomi ¢ oxygen 2 precursor
conprises: 3 forming a plasma froma gas m xture conprising argon; and 4

i ntrdduci ng an oxyyém-viekd (U3 curiag: the spicenmxidedayeswithinanoxgigen- 5
precyrsor di.ssociates to formthe atom c oxygen. 1 5. The nethod of claim 4,
wher & n YOREAIPIREEN IFIRER or is selected 2 fromthe group consisting of

nol ecul ar oxygen, ozone, and nitrogen dioxide. 1 6. The nmethod of claim1,
whergin the silic pr ' t I Lipg of
sil aﬁe, di et hyl si 'ane?ﬂtwr;ﬁ%é}tl%@f)g? gﬁ%,e}qét t é%ég{rﬁéisﬁiﬁ g@gﬁg%g@g%?m | ane,
t et r anet iy Sthetiitd wathen (HddDstratd, ivKerefi fhReithydstbhbasdrichGathir tirbEas)a

octanet hyltrisil oxane (OMIS),
3 height to width aspect ratio of about 5:1 or more.
1 3. The method of claim 1 further comprising;:
providing the substrate to a deposition chamber;
generating the atomic oxygen precursor outside the deposition
chamber;
introducing the atomic oxygen precursor into the chamber; and
introducing the silicon precursor to the deposition chamber, wherein

the silicon precursor and the atomic oxygen precursor are mixed in the deposition

L NN N kW

chamber.

1 4. The method of claim 3, wherein generating the atomic oxygen
precursor comprises:
forming a plasma from a gas mixture comprising argon; and

introducing an oxygen precursor to the plasma, wherein the oxygen

N Rk W

precursor dissociates to form the atomic oxygen.

1 5. The method of claim 4, wherein the oxygen precursor is selected

2 from the group consisting of molecular oxygen, ozone, and nitrogen dioxide.

1 6. The method of claim 1, wherein the silicon precursor is selected
2 from the group consisting of silane, dimethylsilane, trimethylsilane,

3 tetramethylsilane, diethylsilane, tetramethylorthosilicate (TMOS),
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5 octanet hyl cycl otetrasil oxane (OMCTS), tetranethylcycl otetrasil oxane
(TOMCATS), 6 DMDMOS, DEMS, nethyl triethoxysilane (MIES),

phenyl di et hyl si |l ane, and 7 phenylsilane. 1 7. The nethod of claim1,

wherein WV curing the silicon oxide 2 layer has a processing tenperature

bet ween about 20C and about 650C. 1 8. The nethod of claim1, wherein

oxygén- detrhethylorghesilicate (HBOG), o2 taanethyitsisHorand (QAMTS),0f ozone and oxygen. 1
9. The nethod of claim8, wherein the ozone has a percentage of 2 about 18%

or | &ss.octamethyleyelotstragitpanedOMETS), tomamethylexeletgtiasdoxane FOVESDxi de 2
I h i ti b. aboyt i t d t 10 m t . 3
1 b IS DM et RS AR g e S RS RPE a3 By er *has

an Uy vvap/}%ln ngiaRebet ween about 200 nanonmeter (nnm) and about 450 nm 1 12. A
met hod f'or form ng a sem conductor structure, conprising: 2 interacting a
silicon-containing precursor with at | east one radical 3 nitrogen precursor
at alprocessing tenhper afhy metiodbbelhind I0Whereihd$¥ cueingahmsiicdn oxide
silicon-nitrogen containing |layer over a substrate, the silicon-containing
pr ecdr sdayeshasenprdcessing tewpsidtinobetaesnsboahd0%. amd ahovt GIBE. (UV) curing
the silicon-nitrogen containing |layer within an 7 oxygen-contai ning
environment to forgna sf;I i cCo Ocﬁifjgl Ia{ler 1.13. The rre%ahod of claim12
furtfer conprisind gene }I‘;ﬁ’inr‘?g‘q gt daim3, phelein Sy sPRFOBIANIE FHFNPB ¥e ur sor
by exposi ' enote 3 plasma system wherein at

Y €3P05 il g@ithf’e 8f8£cﬁ§ef%di %Jn P y

| east™ a por e amoni a dec oses into the 4 radical nitrogen
precursor. 1 14. The method of claim 12, wherein the radical nitrogen

precyrsor 2 has tdie forhainetidd ofdlgie 8xwiherdin the OzoRe hdSa pet&entdgdreofret hod
of claim 12, wherein the silicon-containing 2 precursor conprises a

di si RaneabpnddB¥smrless. a pol ysil ane precursor. 1 16. The nethod of claim 12,
wherein the silicon-containing

1 10.  The method of claim 1, wherein UV curing the silicon oxide

2 layer has a processing time between about 1 minute and about 10 minutes.

3 11.  The method of claim 1, wherein UV curing the silicon oxide

4 layer has an UV wavelength between about 200 nanometer (nm) and about 450 nm.

1 12. A method for forming a semiconductor structure, comprising:

interacting a silicon-containing precursor with at least one radical
nitrogen precursor at a processing temperature of about 150°C or less to form a
silicon-nitrogen containing layer over a substrate, the silicon-containing precursor
comprising two silicon atoms; and

ultra-violet (UV) curing the silicon-nitrogen containing layer within an

~N N n e WM

oxygen-containing environment to form a silicon oxide layer.

—_—

13.  The method of claim 12 further comprising generating the at

2 least one radical nitrogen precursor by exposing ammonia to a plasma in a remote
3  plasma system, wherein at least a portion of the ammonia decomposes into the

4  radical nitrogen precursor.

1 14.  The method of claim 12, wherein the radical nitrogen precursor

2 has the formula NHy, where x is 0, 1 or 2.
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2 precursor is selected fromthe group consisting of al koxy disilanes,

al koxy-al kyl 3 disilanes and polysilanes. 1 17. The nethod of claim 12,
wherein the silicon-nitrogen containing 2 |layer conprises a silicon
carbonitride film 1 18. The nmethod of claim 12, wherein the silicon and
nitrogen 2 containing filmconprises a Si-N(H)-Si bond containing film 1

19. The nethod of gl ai A Laneer & alwlg&hg%gggﬁeﬁ%&%%ggn%ﬁ%g 2 layer has

a processing tenperature between about ou The net hod

of chai prddirsvhespriséd e dPinaepreéaibar oif golysilany pi€iursst conprises a

m xture of ozone and oxygen. 1 21. The nethod of claim 21, wherein the ozone
has a percentage of 2 about 18% or less. 1 22. The nethod of claim 12,
wher &i n UV curinglbhe dihemethaskeiddaine 12 ayhereimthesibeor-eestaigingi ne bet ween

about 1 m nute and, abo 10 m nutes. 3. 23. The nmethod of cl,aim 12,. wherein
W cdri rPge‘t"Héo%IslSFFGFthL;é{PHbthezBrPH?&O“ﬁ’éEn&r‘E}@@‘W\fgﬁﬂ?@qshah‘é’t"ﬁ@éﬁylabout 200

and abouy. . Tor ok thod of claim 12 further conprising formng at
Ieas? ol%%mflag‘%?ragéiﬂﬁ%lg% ir]‘lglg ure within the substrate, wherein the at | east one

trench structure has a 3 height to width aspect ratio of about 5:1 or nore.
4 19 17.  The method of claim 12, wherein the silicon-nitrogen containing

2 layer comprises a silicon carbonitride film.

1 18.  The method of claim 12, wherein the silicon and nitrogen

2 containing film comprises a Si-N(H)-Si bond containing film.

1 19.  The method of claim 12, wherein UV curing the silicon oxide

2 layer has a processing temperature between about 20°C and about 650°C.

1 20.  The method of claim 12, wherein the oxygen-containing

2 environment comprises a mixture of ozone and oxygen.

1 21.  The method of claim 21, wherein the ozone has a percentage of

2  about 18% or less.

1 22.  The method of claim 12, wherein UV curing the silicon oxide

2 layer has a processing time between about 1 minute and about 10 minutes.

3 23.  The method of claim 12, wherein UV curing the silicon oxide

4 layer has an UV wavelength between about 200 and about 450.

1 24.  The method of claim 12 further comprising forming at least one
2 trench structure within the substrate, wherein the at least one trench structure has a
3 height to width aspect ratio of about 5:1 or more.

4
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