METHODS FOR FORM NG A DI ELECTRI C LAYER W THI N TRENCHES
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(and aspect ratios snaller), the gaps are relatively easy to fil

with a rapyédr defhasirendfesa d| electric material. The deposition

materi al woul d bl anket the si des and bottom of the gap and conti nue
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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, efc.) 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



10 however, it becane nore difficult to fill the deep, narrow trench

wi t hout having a bl ockage start a void or seamin the fill vol une.

[ 0006] Voids and seans in a dielectric |ayer create problens both

during sem conductor device fabrication and in the finished devices.
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time, which reduces processing efficiency and production rates.
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exerrpl ary enpodi n 0] or orm ng a sem conductor Structure

i ncl udes jfafhl A Aif&lidd EQRc QEdHRRke 306 tPEedt P oL haPs e LK5T
at a processing tenperature of about 150C or less to forma Silicon

oxi de2) ayand exeeyshartnbwiithat end Peisveshn|devis ebptnetds.| ayer is ultra-viol et
(UV) cured within an oxygen-containing environnment. 15 [0010]

Accor di ng;obm]?”f’édﬂﬁiqxﬁé ®APL BEsh A BB tmint e MRE R dtidhldFRbids and
includes formng at 1east one trench structure within the substrate,

wher ei n t $eemstddregsd eposiidr efrtielestricucttarias bahigh hgieghtatiostmictitras.
aspect ratjo of _about 5:1 or nore, [0011]. Agcording to, the, other
exenpl ary ??sa%ﬁlwgﬁbwt%fhﬁfém&aﬁmﬁ?ﬁé% the, felgeisic %@tﬁﬂ%m& stayg more
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precursor outside the deposition chanmber; i1 ntroducing the ato
oxygezd presurdare thetdegtdectoobiainh elie depudited hradehiadibadds g aithe t@or middle
recursor t he deposition chanber,
P otI t%e trench alrl)g 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
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wherein the silicon precursor and the atom c oxygen precursor are
m xed in the deposition chanber. [0012] According to alternative
exenpl ary enbodi nent, the generating the atom c 25 oxygen precursor
i ncludes: formng a plasma froma gas m xture conprising argon; and
i nt roduci fif aavpid oy geam pnd puesot itfoorh hecphigrmaperwiarest defettendly §in
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pr ocessi ngatice{WERR})umel dieleneierprapeties @Caarocrairedtk-640€). 10 [ 0015]
According to the other exenplary enbodi ment, oxygen-contai ni ng

envi ronnment conprises a @REEF{?@MM 9ot B 1REgerionf 0016] Accordi ng
odi nent,

to alternative exenplary e t he ozone has a percentage of
about 18% or | ess. [0017] According to an exenpl ary enbodi nent,
W curiDng[0088] silccamlingid ateetemydarylémbadimenpraonedwidrigr farmenget ween
about 1 m nute and about 10 njnutes. [0018] According to alternative
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pr ocessi ngxXyFapeardainmg Givixgpownt150C or less to forma
silicon-nitrogen containing |layer over a substrate, the
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silicon-nitrogen containing layer is UV cured within an
oxygen- coteraring atleastvanedrenshistiiugtifre mithdn she $ubstratex wdhers thg/atrleast 002 0]

Addi tional_ enbodi nents and .feat ur are set. faorth jn part in the
escr i pt; GRERATURETY Seact feipBttorvith B atisal b bBbE! Bier o ¢ hose
skilled in the art upon exam nation of the specification or nay be

| ear ned bYOUlRE pPrceendingtoothetoblzerieommpiaryg embotienie Hteumethodrfdrther includes

advant ages of..the. invention be realized and attained by neans of
the i nstr BEVAEE hesubsteanth fdPpesiton SO B A G VB RR

speci b Catp%&%rso@%h@fd%%ﬂ%ﬁh% HambtE im&%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.



[ 0021] A further understanding of the nature of some exenplary
enbodi nents 5 may be realized by reference to the remaining portions
of the specification and the drawi ngs wherein |ike reference nuneral s

conponent 1015h SRiraE o e Mnl St i meF, it Sied e isigo f sglected
ref er ence fRUMB rgaﬁ%ﬁﬁé&g@rﬂﬁ%@@@g{aygsigﬁ@p&@némﬁs@éné)uI tiple

simlar conpone en r e to a referencée nuneral

wi t hout s pecrfidthplisilame, 40:thylsdanep ktstmethylerthbsibiedte (THOS, i nt ended to
refer to all such ltiple simlar c onents. [0022] FIG 1 is a

f1 owchar t t%&yﬁ@rtﬁ%ﬂ@é@@@%}, ‘Pﬁiﬁ‘ﬁ‘@@‘% S@’éﬁnﬁi(h&%‘;’)si li con oxide
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Cross- gec%’ thﬁgeﬁ%%}reﬁt_ggﬁ%gm&%gé g\(ﬁ exe%%@e%fﬁ%tg or HIP oF'm (r%) I\éICATS)’
shal | ow t DAMDMOS DENBOReHTT iethbkysihné MTES), pRORAN it thylsBahs add
sinplified flow chart illustrating an exenplary nethod for formng a
silicon opheeyltilang over a substrate. [0025] FIG 4 is a configuration
shows an exenplary chemnical reaction process of conversion of Si-Si
bonds in g3k 'Q.QEbrﬂir%tgaif&hércéx@n n@odhﬁ@ﬁt?ﬁ\ﬁ@ﬁﬁ%‘rﬂér&ﬂlcﬁﬁ'o&ide
into Si-OSi bonds. 2 TAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026]
Exenpl ar y layet hawks pracessiies tami reratulre beffnmeniahgue? 8¢l andaboak 6BC| ayer
having a desired fil mdensity, a carbon concentration and/or a wet
etch nat e[GO@SIFOAQW%B@ &f hebtiterdVe s Ia'r?grr%ﬁﬁhéh@ﬂx Qe &Real Nt ng
environment. The UV curing may desifably enhance the density oOf the
si | i con orndeonragmrcoantises amadtire of heornwetndedgige@5rate rati o of the
silicon oxide layer. [0027] Sonme exenplary nmethods include reacting a
Si i con PRGBS Akcdtitheafd PRt X APTad CRBHAENB thdoRARIRS 81 N0
tenperature of about OCor less to'forma silicon oxide [ayer over
a subst r apercetitage sf ibmariSéixérdesd ayer is ultra-violet (UV) cured

wi t hi n an oxygen-containi ng environnent. O her exenplary nethods

i ncl ude i ChicBbtdhSld drF QRnG ARG Ab MR ELY SO P d

radi cal nlfqorqggen precut sor at Hg@p ogggds}?ng t’errpgrgrtl%?e&cl)?{oa{{)%ﬁ?élf’ggﬁ
or | ed3s tbafopmcassing linerbetivbsrogerutdaninataamndabodtdyeninavel a
substrate, the silicon-containing precursor conprising two silicon

atons. Theygk] i = Nk ' IE? @gﬁ; i ix N n
oxygen-co taél3 iﬁg&ég\%é%%qn%ﬁﬁ%a%gr aIJy5| |Ogg%e%[{:{itﬁg&ﬁgny%ﬁ&h&[o§028]
FIG 1 isoridtllowehas an Ehowangeagihebeewpéiihour2Dbagndeter Ofitf) A about 450
silicon oxide |ayer over a substirate. In FIG 1, a nethod 100 for

form ng a™8klicon oxide |ayer 10 over a substrate may include
processes 102-112, for exanple. [0029] Process 102 provides a

substrat e[®Ugh Ascatbfs foairR i @xtHpM eirbobiifent? AndiRo@ fé1EBAAIHg HN
chanber. The substrate 200 nay be a silicon substrate, a IIl-V

conpodhd &ipiserdiudor grugtuiedoalugdes inderiacting Shiieyn-somigining precamsor with at

gglb-sts :,Jgts gfegétg%neggaiglai Il%gr&;ggg ;?%?rlfi]{rjlﬁfrta?g p&c?cgsging sElebr;sqt)tgl% e of ag(in?tp 1|SﬁyC 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.



15 display (LCD), a plasna display, an electro |um nescence (EL) |anp
di splay, or a light emtting diode (LED) substrate, for exanple. In
sone enbodi nents, the substrate 200 may i nclude at |east one

structure, such as trench structure, well, junction, diode,
t ransi st o he faaturies and advariagesorfdbe inyentive Fenyefefreakizad ankatiaioed by means

MOSFET), | nt | dj.el tri 1LD t t i.nter- tal .. ..
o oct ) ol fleipsgendlifits Gbhebibimand hitGbt® Saser Bfin Bbeciiontion, o
or various conbinations thereof. The substrate 200 may be a

sem conduct or waf er (e. @RIER DESOCRIHTIQI Q@IIEIORAMENGS c. silicon

wafer). In some enbodi nents, the substrate 200 may have at | east one

trench su renches 210, f orne herein _as _shown i Fl A,

L0030] T niltef b ERGRE Rnde R e B R o e Y By Ebafthenss g
25 pregur sy RUESiARA By GRSt ithe Ferfhiaiiy8SortidRSo AR EhECiAM IR ENd the
precursor may be generated by, for exanple, the dissociation of an

oxygen codtavingswyherdn liks oefesanch namenals ecuksad throughouf 8)severbdmwings
hydll ogen- BB ORI REg . TRptimebtiances aablate! Sxaeserd By
conpound Qe%el%gc%ﬁggg End$bfows a ﬁ?gﬁ‘&l to Bhotd &?éi%%gl}f’%ﬁ{i% Sig%i#lg' ning

precursors an I natrons o recursors.

enbodi mentSmpbliéntsli BAREI rafer&ite @4 miake t®X Yeferene® AtidiePdVaitIG B GPed fifation
generate the atom c oxygen precursor may be done by therna

di ssodf at tom exiptingsubdbel, if Isghtendpd sordfen toal sugh enbtipls samifar components.
di ssoci ati on, anong ot her nethods. Plasma di ssociation nmay involve
striking gopbpsPRG.firie@flestdhdrsha an Bk&@nplat P fod RIVESEniPlASHRcon
generating chanber and introduci ng the oxygen precursor to the plasna
t 0 gener apidedeyeaouet tswsmpén precursor. [0032] Referring again to
FIG 1, process 106 may i ntroduce the atom c oxygen plasma to the
deposi ti o[oeeBRTBETS. WAEDP akd sdi¥halfic ¥rds8lsedtital iebls shbwng\aih Bxanglialy con
precursor, which is introduced to the deposition chanber by process
108. | n powthebiordoming a shallpivgignchrisdation @ Ta srricturexygen pr ecur sor
may react with the silicon precursor (and/or other deposition
precunsor sohpt FIEs 98 sphBEEE flbiw dhae: ifleRefidd e thefHodBler at e
tenperatures (e.g., processing tenperatures of about” 150C or |less) to
form a si feroung exsilitenloajde filaPovers: sipetsatei n FIG 2B. I n sone

enbodi nents, the processing tenperature for formng the silicon oxide
layer 220 023] berdet i%%Bnﬁgul%@i%Htshé@Qaﬁ'%Qerﬁ?%‘% Aeffeal %‘3&1&9?%&55%

of the silicon oxide |ayer~220 may reduce di nensions of the trenches
210 to t heomiergns iobfsSidforidhén & sBivch gsecifa.to BNGHIRST bovdxdxdihee ik ganstedy
process 110 %aﬁﬁgﬁye pressures between about 0.5 Torr and about 6
Torr tota™ery ¥&ssure. [0033] The silicon precursor may include
an organosil ane conmpound and/or 20 silicon conpound that does not
subst @hti al |l y cont ai n REFAGED BEECBAAT IO OFr HIAE SNMHENABIGIN car bon may

i nclude silane (SiH4), anong others. O ganosilane conpounds may

i ncl ud i th di Si - C bondi d/ or g4 ith .
o o PR i e SRS S e PR O et sFRER B e ving
| nel ude_dueRtduiin 1aity, b caBRhSh SRS aif%gngeg ¥tchirh@atio (WERR)

di ethyl silane, tetr ylorthosilicate (
t et r aet hy hfert 0¥ durirey withilE@S)xy geotcanttihingten 3bhmean ET{e WV Suring may

O 53 0 T T L B LA 0
phenybeli Me4b YL ARE si1RBH oRRRMYp&H | ane, among ot hers.

[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



[0034] In sone enbodi nents, the silicon precursor may be mxed with a
carrier gas 30 before or during its introduction to the deposition
chanber. A carrier gas may be an inactive gas that does not

substanti a|. i ere. Wt f.or mat i of .1 he._oxi i .
Substant Sk iy SULY Skl WhE ABEIRLLA 00, I LA () AR
hydr ogen &ﬁg%rzgeﬂ%ﬂﬁhiﬂ& ehvadagent. Dol kferdPRY nfdhddsiacliae istetdcEAP a
oxi de | ayer 0 may be described in a co-assigned U S. Patent

Appl i cat i ghcdracdntginintg prenessot withett 1Eshombeadioad 31 RNTEEE060r &y Niti n
K. Ingle et al,, and titled "CHE L YAPOR DEPOSI TION.OF HI G4 . .
QUALI TY FRIORPTSITIGHCEIRCFRERE 9 R SR Fo R CPRTAT S Orrening

PRECU il s t Y ol ;

AT U BECA e g g el sy
enmbodi menTle sititeh-Alt@Pen coxtageng payee W SUrcaraherithin ac oxy geneutaning 10
are not m xed before being_introduced to the deposition chanber. The
pr ecur sor ViRt & fariea shispmexidefrsigh spatial |y separated

precursor inlets distributed around the deposition chanber. For

exanpl e, [0og8]atBid. ¢ i9X Yigarhpit@AUWEG arll@eneslh8r mbttod fon farfifg astlicon
inlets) at the top of the deposition chanber and configured directly
above t heosdplavenoeer agidstrateetindile ek ngnethed {10 {prdprming asibearcodss bear

15 pregcursor in irectio ubst ant i all.y,perpendicul ar to the

subot [t oS AR S8 i e So 2Rl Dot REARER e <71 i con
precursor may enter fromone or nore inlets around the sides of the
deposi t i oi#0&HanbrecessTHE providesa malystuite sush asisebstraiw 200 (sheevrsiniFlgo2A) to

[ . di ti i, mat | lel t he d (i
Gl ace. 1 BORSTSOR AT Gal NERBPUTIE AP A SEAPHGP Erb R o ¢
oxygen pr%Hﬁélﬁ(&s@d%ﬁagé?aéiﬂcbﬁ}?genrgﬁa@ﬁﬁ%s(gfée) GHbAHEE SERABbGAONL S Of

a nulti-port” showerhead. For eX ' e, a 'shower head positioned above

t he subst siliten-omynsubetbr (BOR syt tate, 2 difplap eubstgse Surh dskdiquiécyssadrs to
enter the deposition chanber. One subset of openings nmay he supplied
by t hé& at 8isPRYdkGHam plrewadigiay apialectry 1%%%6%6@6%&1 lagtp diselivngk? i s

T ed g i
G 1 er ont T e 108 (R PUIRSare, R OE o B PR AR e
until exi &ilgata 00 thileirdBRRSt1éRR o SRR@lire, AdkH 45l tadiah seelkairksvabout

types and_ designs of precursor handling equipnment is described in a
co- assi gnzaciiprs digeg, rangistor Smetaligsidessphvicondyztprifield effeat itansistgr et al |

filed Ma 07 dtjtled " SS CHAMBER ECR,. E

capr L+ (FHEFER e At P (b are e dbg| HESFBoraVed by 30
ref er gncesd@ium LirQif PARESemiddn@3flor AR ubtiSe 81 PAFGusPONASRARIRGHERBE S
and silicon precursors react in the deposition chanber, they formthe

si | i con oXhelsibstyptr 200upay bbe ssmbsndatter whe (b.pi, & 280 mowj 308 thawy ¢00 inas,
desirably flqowability, .and may quj ckl igrate into gaps, openings,

trenches, €i§od®n el Jn gowe embpoiment, e brese pregethaye 4 ﬁ%@ét one

deposi ti ofe s fiRf8s tr-gpl'cﬁesﬁl?llf%%d iaPeifTEt B AQREL A ovi de oxide

fills that are substantia ree of voi dsS and seans I'n gaps,
trenches, ?%ﬂ of her sur&qﬁg%structures. In sone enbodi nents, the
trenches BYelk e RPHmends, PrRcees Hemon Rt AIVEORIGRXHESght t o

3 S omeygh by Wity ALOL ROHLE sy b A
generated by, for example, the dissociation of an oxygen containing precursor such
as molecular oxygen (O2), ozone {(Os), an nitrogen-oxygen compound (e.g., NO, NO,,
N20, efc.), a hydrogen-oxygen compound (e.g., H20, H:Os, efc.), a carbon-oxygen
compound (e.g., CO, COy, etc.), as well as other oxygen containing precursors and

30 combinations of precursors.



10 [0038] While not wishing to be bound to a particular theory, the
silicon precursors and the atom c oxygen precursors may react to form
a silicon oxide that has a high concentration of silicon-hydroxyl
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Precugsor atbutAR"deRd about 150°C. The formation of the silicon oxide layer 220 may
reduce dimensions of the trenches 210 to the dimensions 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 (SiHa), among others. Organosilane compounds
may include compounds with direct Si-C bonding and/ or compounds with S$i-O-C
bonding. Examples of organosilane silicon precursors may include dimethylsilane,
trimeﬂ’lylsﬂane, tetramethylsilane, diethylsilane, tetramethylorthosilicate (TMOS),

25 tetraethylorthosilicate (TEOS), octamethyltrisiloxane (OMTS),
octamethylcyclotetrasiloxane (OMCTS), tetramethylcyclotetrasiloxane (TOMCATS),
DMDMOS, DEMS, methyl triethoxysitane (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
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inactive gas that does not substantially interfere with the formation of the oxide film
on the substrate. Examples of carrier gases include helium, neon, argon, and
hydrogen (Hz), among other gases. Details about forming the silicon oxide layer 220
may be described in a co-assigned U.S. Patent Application having attorney docket
number A010498/T69600, by Nitin K. Ingle et al., and titled "CHEMICAL VAPOR
DEPOSITION OF HIGH QUALITY FLOW-LIKE SILICON DIOXIDE USING A
SILICON CONTAINING PRECURSOR AND ATOMIC OXYGEN, the entire

contents of which are hereby incorporated by reference for all purposes.

[0035] Insome embodiments, the atomic oxygen precursors and silicon precursors
are not mixed before being introduced to the deposition chamber. The precursors
may enter the chamber through spatially separated precursor inlets distributed
around the deposition chamber. For example, the atomic oxygen precursor may
enter from an inlet (or inlets) at the top of the deposition chamber and configured
directly above the substrate. The inlet directs the flow of the atomic oxygen
precursor in a direction substantially perpendicular to the substrate deposition
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
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
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

reference for all purposes.
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[0037] As the atomic oxygen precursors and silicon precursors react in the
deposition chamber, they form the silicon oxide layer over the substrate. The initial
oxide layer has desirably flowability, and may quickly migrate into gaps, openings,
trenches, voids, seams, efc., in the structures present at the deposition surface. This
allows the method 100 to provide oxide fills that are substantially free of voids and
seams in gaps, trenches, and other surface structures. In some embodiments, the
trenches 210 formed within the substrate 200 may have high height to width aspect
ratios "H/W" (e.g., ARs of about 51, 6:1, 6:1, 81, 9:1, 10:1, 11:1, and 12:1 or more} as
shown in FIG. 2A.

[0038] While not wishing to be bound to a particular theory, the silicon precursors
and the atomic oxygen precursors may react to form a silicon oxide that has a high
concentration of silicon-hydroxyl group (Si-OH) bonds. These bonds may impart
the increased flowability to the silicon oxide layer. The initial silicon oxide layer
may contain a Jevel of carbon therein. The 5i-OH bonds and/or carbon may increase
the wet etch rate ratio (WERR) and dielectric constant of the deposited layer, which
can reduce the quality of the deposited oxide, and its effectiveness as a electrical

msulator.

[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-
containing environment may include a mixture of oxygen (O2) and ozone (Os). 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
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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[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
10 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-Os). The wet etch
rate ratio (WERR) of the oxide layer is reduced from about 35 {As-dep.) to about 5.8.
15 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, itis

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

1

0




100C 300C 390C 500C 100C 200C 300C 400C 500C Density (g/cc) 1.9794
1.9792 1.9600 2.0342 1.9683 1.9794
to substantially close to 0 (UV-O3). The wet etch rate ratio (WERR) is reduced from
more than 30 (As-dep.) to about 5.0. The density (1.4912) of the as-deposited silicon
oxide layer is increased to about 2.0022 (UV-O; curing). Accordingly, the UV-Os
curing may densify the as-deposited silicon oxide layer and desirably reduce the

5  WERR of the silicon oxide layer.

{0043] According to Table I, it is also found that the UV- O3 cured silicon oxide

layer has a higher density than that of the UV-Ar cured silicon oxide layer or that of

the N2 cured silicon oxide layer. The UV- Os cured silicon oxide layer has a lower

WERR than that of the UV-Ar cured silicon oxide layer or that of the Nz cured silicon
10 oxide layer.

Table 2
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 1.1 0 0 0 0
(%)
WERR 6.1 6.4 5.8 47 25 3.0 44 50 45
(100:1
DHE)

[0044] In Table 2, the silicon oxide layers indicated with “Precursor A" are
subjected to UV-Os curing at different temperatures, e.g., 100°C, 300°C, 390°C and
15  3500°C; and the silicon oxide layers indicated with "Precursor B" are subjected to UV-
Os curing at different temperatures, e.g., 100°C, 200°C, 300°C, 400°C and 500°C. It is
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.

11
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[0045] FIG. 2D is a cross-sectional view showing an exemplary STI structure. In
FIG. 2D, a dielectric layer 230 such as a high density plasma chemical vapor
deposition (HDP CVD) layer is formed over the cured silicon oxide layer 220a. Since
the cured silicon oxide layer 220a has a thickness at the bottom region of the trenches
210 larger than that on the sidewalls of the trenches 210, the aspect ratio of the
trenches 210a may be desirably reduced. Accordingly, the dielectric layer 230 may
be formed and filled within the trenches 210a without substantially forming seams,

gaps or voids within the dijelectric layer 230.

[0046] In some embodiments, the dielectric layer 230 may be subjected to a thermal
treatment such as an anneal process (not shown). The thermal treatment may
desirably densify the dielectric layer 230. In other embodiments, the processes for
forming the dielectric layer 230 and the thermal ireatment may be optional. The
silicon oxide layer 220 (shown in FIG. 2B) may be formed and substantially fill the
trenches 210.

[0047] FIG. 3 is a simplified flow chart illustrating another exemplary method for
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
skill in the art would recognize many variations, modifications, and alternatives. In
some embodiments, the method 300 may include providing a substrate ina
deposition chamber (302); and introducing one or more silicon containing precursors
with at least a 5i-5i bond in their molecular framework into the deposition chamber
(304). The method 300 may include generating one or more radical nitrogen
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

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

12



6.4 5.8 4.7 2.5 3.04.45.04.5 100441 In Table 2, the silicon oxide
| ayers indicated with "Precursor A" are subjected to UV-03 curing at
different tenperatures, e.g., 100C, 300C, 390C and 15 500C;, and the
silicon oxide |ayers indicated with "Precursor B" are subjected to
UV- 03 cumsPmg embagiifkeaisetite preogse 830 magdave agrocesio g terapeguid@d @ouio0C
and 500C. h s, found that the UV-03 curing may achi eve desired
density &F] %f the silicon oxide | ayers at the processing
tenperature of about 100C. [0045] FIG 2D is a cross-sectional view
showi ng 49048k erdplamy egtiodiment; ther @e cbrrrnﬁﬂeGiH@D,coataimiangremrsom ayed in

fggeZ”Chltﬁ%%P er o aRUBPL PTG GRPUES Fayer BOOR S HEEvEHS
cur ed ssi HEa kIS hele 220 has B EVTEHNRSRedlHENODRRE OYE RS

of the tren rger t fan that ' on e &Y di

t renches cRaficterBéic ashedilnt @it 3 sehilihe thataffczbﬁser&ﬂcﬁal 80 Beirdesilahl y
reduced. Accordingly, the dielectric |layer 230 may be fornmed and

filled wifilm ﬁ%ﬁ@qqféh%ﬂ@w-lmawowm tba@{%i@pawe)d filsr haaerg ofearns,

L o1 o5 40 Bl 0B el BabBEh 1Eibon b7 SRk B0 et
10 treat nRi}n @@e?@sﬁ@n %Hﬁﬁhg PhOS&SBrehRObS %le)oun-anﬁe LORENS the

treatment nay desirably densify the dielectric |ayer 2 I n ot her
enbodiOmergapfilltdan&Tptrends slwnfodiuerfemhudmgenh ¢hadored cﬁﬂhoramhcaymonﬂﬂﬂm nd

the thermal treatnment nmay be o nal . The 5|I| on oxi
(shown i rPTRFYESOrS By eﬁ% 4B an itheinseelerlen rragnewqugs s qerdéﬁf%
210. 15 [f f id: | anot her
exenpl ar ygﬁizﬁgﬁf?@m% e e N B bie e BRI i e
In FIG  3nolebdanfrhmed:osk &vHiRythe pblyisd@nes may have multiple Si-Si bonds. For
example, disilanes with different substituents can be used, including alkoxy
15  disilanes, alkoxy-alkyl disilanes, and alkoxy-acetoxy disilanes. In additional
examples, disilanes with higher homologues 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 NHy) 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 Ilike NH or NHa. 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

13
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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 NHy, where x =1, or 2. Because in the molecular frameworks
of those Disilane or Polysilane based precursors there is at least a 5i-5i bond which is
highly reactive, the CVD process may result in a product containing a plurality of Si-
N(H)-5i 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
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5 reactants independently into a deposition chanber and |letting them
react at a predeterm ned condition. In one enbodinent, a first
reactant can be one type of precursor selected froma group

consi sting_of Al koxy Disilanes, Al koxy-AKkyl Disilartes

Al koxy- AceVBkgespositdchyitiean cashenitrrs Sim #raearphpys and Aepiable dwtothRoxy

Di sil i.nel ud i 2(GE t h Di s | i 2(MeQ)6 Meth

bi o1 1 anes SRS RoEieal T Bt BN ERese P Ehes, where
denotes Ethyl group (C2H6), and Me denotes Methyl group (CH3). In
anot her e@ﬁ%ﬂl eln somee emkediynents yie mbspquent &V-%y‘urlﬁg Withdn an oxygen-

Si 2(Et0) 4 2. Tet raet hoxy- Di net hyl., Di si | i 2(,Et 0) 4( E02....
Tett act o) EHBFIRAT Boo L egh Sotnel Step@RslSeeion b et Padicny

Di si | anesearSbri{AMBON Med %xygér_r @etm%éa@idfﬁfs Bloxtdigd @S RcedN which
Si 402( Me) 8 Met hyl Cycl ohexyt sil oxanes, 15

Si 6( Me0) 6(heti-ONET) o oyndix Hyd silyonl @blenitride fineis cofv bRy 29 8i-O-Si bond,

Hydr oCycl ohexyl siJ oxanes. I n yet angt her anpl e, the Al koxy- Acet oxy
Di si | anesrﬁ‘rsr’di}migﬁc‘JPHHéﬁgﬁ" ofar ?some@ésgﬁmnarﬁ st Brodgichmpk)in¢ udei i

D1 si | anesT 2 _ |
5 et ot 4B KA it Racefl Puiped Yl 060N dn exhaust syetem puite

yet stillfoanks Hefmiexanpl e, the pol ysil anes includes 20
cycl opentyl silanes or other subinstitutes. Either one of these

precursor nt4 v 2 i . it .

B! U WAREEs RS RN PRI BB P RRP B erivg
process. {4087b theeatihef theredifithalsvertligitohles tHemtantlchaly didigeEVD
process may be a second reactant including radical nitrogen species

gener at edothetwise.drebveerntheomiper 28d fowehlimitsof thak sangeds alsh specatidadlal
ni trogen cie i ncl ude ni,trogen ions, .hydroni.trene .radical.s NH,
wher o <Alpcloged. Fach splallen ailge HebV o] B A VAN RIOR IEEVGHnE KBS In 2

Di silane ghtelahisd A EnPaRRH SREKLH BRIScrtifg VElueSn Ratls8ASE réhedlis S
bond which is highly reactive, the CVD process may result 11m a

produti cemoaipussagl withiruthalintgntivhn. Jhk(Ufpetand tovdar limitadbiltesosmalter
hydr oxyl %(rs_%ugs and . car hon- bgsed speci es. For. 30 exanple, the product
is a silitoweeRRBRdeRandently Painrdpded errchidef i tas pagraanyd earhaange
CVD- despogj S Li WL fi] L5 i PR, I bl e
due to th?h%%{%tmglr'fcr%ﬂgf lct %gcg 115115/1 r%fﬁ'élglr{%%bs aﬁgﬂ?gfﬁ%%-gﬁgssag%@

speci es. &idntlasidl withih thetindirtm subjédieo S?b%ﬁﬁiﬁtfally \c1Q3ed Uiitig the
wi t hi n an oxygen-contai ni ng envi ronnent induces anot her chem cal

reacti on Bateddange Wéherelthe states! iaagp sirludds gaeior bathapidheXipysnrargps  Thi s
e st o EpgBliher et of RS TR Mol i Soire B BapgentiOh

resulting a formation of an silicon oxide film One side product may

i ncl ude N@5&EHmMBHLBedherein anhinbée japprenid esk daipnsp thepdagdar formsdalg Parady,

h t ouilt f h hamber. 10 [ 0057 ) .of
val es. i S GO dbeete Pt PEPE gt R e Pebey Gt AP Theg
the tent hilexddpleififbrefte {19 provwas" ﬁhﬁﬂclﬁk{fﬂseas@u%einﬁy%@ B @xbroebLad dnd

di ctates ot herw se, between the upper”and | owe ts of that range
i s al so syséerendectal"the riizedd" osaytincialetrefenerice éo onangmovenoedes @nly st at ed

val ue, or int.erveni val ue in stated.range and _ any of her stated or

i nt er ni‘ﬁ“d”‘x?%l?%féfﬁ%e? ovgR 19 S?glﬂgédf% §%ﬁ8€ﬁﬁ£@'§ﬁd within the

i nvention. The UPpel‘ and lower limts of these snmaller ranges nmay

i ndependel¥0$9] bélspnibievdends Georepubastiedmipmisings” iaaigde," indudagy’ arahge

where either, .neither or,.both lin.ts. are i.ncluded in the smaller

ranges is Brlgess ﬁ%ﬁ’ﬁé@gé’a%Pﬂ?qq}“fa\ji‘émiaﬁ'géﬂtﬂ:"%g’?l%ﬂ% é@fmﬁ gredpiended

specificaj Bk s e

range incIOIU ggﬁg{nﬂeéq%rgs%{gt@ﬁk %?%%%gﬁ%érggge{rg’%ggg o\ﬁ@ﬁ{s, of Qgpé,‘bﬁ{ ﬁ%y do
not preclude the presence or addition of one or more other features, integers,

30 components, steps, or groups.
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20 excluding either or both of those included limts are al so
included in the invention. [0058] As used herein and in the appended
clains, the singular forns "a", "and", and "the" include plural
referents unless the context clearly dictates otherw se. Thus, for
exanple, reference to "a process” may includes a plurality of such
processes and reference to "the nozzle" may include reference to one
or nore NYHATEE @naIMEDdHui val ents thereof known to those skilled in
the art, and so forth. [0059] Also, the words "conprise,"
"conprising,” "include,” "including,” and "includes"” when used in

this specificat hpthefddot fothitnd aldeonicaadobaim@r@itare igded to
specify tiﬁﬁtsﬁﬁ sence of stated features, integers, conponents, or
steps, bu . do nlolg recl ude the.,presence or addition of one or

nore ot her FEHtHHed s %BE‘F‘%‘?S@@&@@MW@, ORYEHE PTGV gr oups. WHAT
| S CLAI MED | Ssor at & progessstptemperatiioe oif agot 4607 foratulesdr structure,
cormritsi ng: readhim@ $ilisbhi @ddelrgertoor 2 30U saAtA G C 0><ytgenf precur -
sor at a pr i pg,-t.eMmar.at i e ot . o forma
silicon ogigggﬁgiggﬁéggggéﬁgﬁﬁngé?gggﬁ%ééiﬁWgﬁﬁggﬁ#§§§nfhe silicon
oxi de | ayer wWiAHHE SRVBRBAE Y an " f1ing environnent. 2. The net hod
of claim1l Burlhvematbagralselagn drivirfwratompsising fermingiéh structure
Wi thin théemtbseriatiech virergire witkirathd edstronewheasighhsttuct ure has a
hei ght 1t o1 AbRA8ARH sthddthPe Bhs ARUELPiclw QR trgticof The met hod
of cla|n1éh§ﬁ§§gpbr%g rising: providing the substrate to a _
depositio er; g?%na_ung t he atom ¢ oxygen precursor outside
di e depositPe 3 Oﬁ'ﬁiiiﬂ@@@c Wthanompesi oxygen p cursor into
t he chanber pravidingthedubstrgtet fvea sicbbsiivipckembeor to the deposition
chanber, wheeaipuimieitsd hiceei @iﬁg&k_ﬁ g@éc@s@gr bhesiab Rk gepyygen
precursor aresﬁkﬁ?Qﬁth%Qﬁ deposrtion chanber. 4. The method of
claim 3, wherein géneratihg the atonic oxygen precursor conprises:
introducing the atomic oxygen precursor into the chamber;
and
introducing the silicon precursor to the deposition cham-
ber, wherein the silicon precursor and the atomic oxygen
precursor are mixed in the deposition chamber.
4. The method of claim 3, wherein generating the atomic
OXYEZEnN Precursor comprises:
forming a plasma from a gas mixture comprising argon;
and
introducing an oxygen precirsor to the plasina, wherein the
oxygen precursor dissociates to form the atomic oxygen.
5. The method of claim 4, wherein the oxygen precursor is
selected from the group comnsisting of molecular oxygen,
ozone, and nitrogen dioxide.
6. The method of claim 1, wherein the silicon precursor is
selected from the group consisting of silane, dimethylsilane,
trimethylsilane, tetramethylsilane, diethylsilane, tetramethy-
lorthosilicate {TMOS), tetraethvlorthosilicate (TEOS),
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formng a plasma froma gas m xture conprising argon; and introducing
an oxygen precursor to the plasma, wherein the oxygen precursor

di ssociates to formthe atom c oxygen. S. The nethod of claim4,
wherein the oxygen precursor is selected fromthe group consisting of
nol ecul ar oxygen, ozone, and nitrogen di oxi de. 6. The net hod of

claim1l1, wherein the silicon precursor is selected fromthe group
consi st i n@mﬁnahyﬁﬂgﬂeﬁaﬁ@tcmwanﬁmﬁéﬁh 'lc%fdf%’tle&kxbi

t et r anet hyl sic-an LS %lettefz%@ %@f cat e (T'VDS)
hy L. ) o (N
Egt ;?(r:ltetﬁ* Av '“ Sgﬁeilsm %{I Sflﬁ ‘Fa( irj{ Xﬁ@f’ 05 et ra5| | oxane

( TOVCATS) LY EERATE: Ispeng Si ?rBf‘-et hox-ysil ane (M ES),
phenyl di et ﬁyﬁhclmﬂhpda}fcﬂ@mﬁyh&w@m&}v OF cuTimg thetshHod of claim 1,

wher ei N U¥oRbxgde laj@rhEI@a%jrbt@@EntﬂY& faayebdmge aps@cessi ng
t enper at ubge et ueeih AR 29 C and about 650 C. S. The net hod of

of “ozont an %@%ﬁ%ﬂ%ﬁaﬂ%ﬁ"i%ﬂﬁ%ﬂﬁﬁg' &%ﬁfmi " the ozone

has a per C8HE | Cappntsed oI es0Zone a4 O¥KEChet hod of claim 1,
wher ei n Uv- 83Tbamaibod héckiini & ovhareinidelorpee hhss pargsibeessi ng time
bet ween abeytofkhminuge: antksabout 10 m nut es. 11. The net hod of

claim 1, whgperheUeliod Wiidl8ins "E whbis ruvxodecd fhchas _an W
wavel engt hﬂ?c%tnv\&?faeaﬁ%} 1% 5&%%??&@&; e gnv}veﬁﬂda pyt 450 urn.
minute and about 10 minutes.
11. The method of claim 1, wherein UV-Q, curing the
silicon oxide layer has an UV wavelength between about 200
nanometer (nm) and about 450 nm.
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