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result in structural eatures on the device having decreased spatial dimensions. The widths of
gaps and trenches on the device narrow to a point where the aspect ratio of gap depth to its width
becomes high enough to make it challenging to fill the gap with dielectric material. The
15  depositing diclectric material is prone to clog at the top before the gap completely fills,

producing a void or seam in the middle of the gap.

[0003] Over the years, many techniques have been developed to avoid having dielectric
material clog the top of a gap, or to “heal” the void or seam that has been formed. One class of
approaches typically involves separate depositions surrounding etch back processes. This results
20  in a dep-etch-dep sequence which may impose tighter process specifications for both deposition
and etch. Another approach has been to start with highly flowable precursor materials that may
be applied in a liquid phase to a spinning substrate surface (e.g., SOG deposition techniques).
These flowable precursors can flow into and fill very small substrate gaps without forming voids
or weak seams. However, once these highly flowable materials are deposited, they may need to

25  be cured and hardened into a solid dielectric material.

[0004] There is a need to produce alternative gap-filling films having less stress by modifying

the deposition process and/or subsequent processing. There is also a need for these process
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sequences to produce filnms having simlar properties in narrow and w de
trenches. This and ot her needs are addressed in the present application.
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gap-filling silicon oxide on a patterned substrate are 5described. The
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20  trench and exposing a post-planarization dielectric interface disposed closer to the narrow trench

then a corresponding pre-planarization dielectric interface. The methods further include treating
the substrate, after the planarizing operation, to increase a density of the narrow gapfill portion.
During the treatment, the post-planarization dielectric interface disposed closer to the narrow
trench allows the narrow gapfill portion to become denser than had the substrate been treated

25  before the planarizing operation.

[0007] 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 disclosed embodiments. The features and
advantages of the disclosed embodiments may be realized and attained by means of the

30  instrumentalities, combinations, and methods described in the specification.
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further understanding of the nature and advantages of the present invention
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I Vol V§Go11] FIG. 3 is another flowchart illustrating selected steps for processing a silicon oxide

gapfill film according to disclosed embodiments.
15 [0012] FIG. 4 shows a substrate processing system according to disclosed embodiments.
[0013] FIG. 5A shows a substrate processing chamber according to disclosed embodiments.

[0014] FIG. 5B shows a showerhead of a substrate processing chamber according to disclosed

embodiments.

DETAILED DESCRIPTION OF THE INVENTION

20  [0015] Processes for forming high density gap-filling silicon oxide on a patterned substrate are
described. The processes increase the density of gap-filling silicon oxide particularly in narrow
trenches. The density may also be increased in wide trenches and recessed open areas. The
densities of the gap-filling silicon oxide in the narrow and wide trenches/open areas become
more similar following the treatment which allows the etch rates to match more closely. This

25  effect may also be described as a reduction in the pattern loading effect. The process involves
forming then planarizing silicon oxide. Planarization exposes a new dielectric interface disposed
closer to the narrow trenches. The newly exposed interface facilitates a densification treatment

by annealing and/or exposing the planarized surface to a plasma.



formng then planarizing silicon oxide. Planarization exposes a new
dielectric interface disposed closer to the narrow trenches. The newy
exposed iwDenfiaaa3Baci litates a densification treatnent Poy/tseoeasiong and/ or
exposing the planarized surface to a plasma. WO

2011/ 043933PCT/ US2010/ 050060 [0016] Dielectric within a trench may possess
different properties fromdielectric within an open area (or a w de

trenc h)[Oﬂfﬁ?. slgwiwtrrcegmmtl aftreppll f1aE paBces qidsront propertige Faet diglegiiic Withimathar r ow
trench red f Fol |

pl anar iog)?lggr%e?& ‘glra%é%ggm cgllrh?ﬁ%g léer%&églgm trlll n?qngir&%t%%%e r%%ﬁ&gag Fgﬁ\gl

exposunentiocdhgarsditor Dwiditigciat Reisphias @ pﬁmvaﬁmng spthg. @plahirizng @clpoocess t he
filmstack so as to increase the density of the gapfill material and to
make t K8cBicahreehapicabpolisimg e MP).dhe jddifens! F%wswgrt? B UFeHRHNRAMARPRYE n t he

wi de tr (?\ﬁﬁ'es(tﬁ a&ﬁﬁ%%ﬂ%e&’s"ﬁ@ L &Pk 19 ﬁftozlhg?ehférthe RS t?%HHecggg Sg’ﬁaftéﬂyl(:h

benefl omt processing inc e relati v l'ess
such asngitd mabathexiraertikespd shd mdteﬂhk%tlﬁE@@;arx@R@d@;chW@;ﬁhﬁ%eemde trdineh

met hods may pr V|de rtlcula u it | e during
10 depddt Eroneonh aa st chts gt B biCE e G drogh thedherSeRgroc e
di f f er eRaeIDRIMECE 1 ARRILHIRS s‘&&ﬁ&yﬂléiﬁ%x@détc&!pgﬁtehhﬁﬂﬂﬁcw fApengh may be
eval uated by conparing the wet etch rate in a wet etch conprising, e.g.,

hydr ogdi WD PG ate. Hhe isithpdsonayppiodalewpatticulre utisydoddma vdindr arb dlodablerdotigh out

si 1 e omeBghon BRRa® Bru®bt R FRCHDA Ao fhie B B S0S00 M b Bl s B 6 ne

cover agﬁ»‘?p&tléshﬂt}ﬁﬁ ahdButhide MENQIM0aL fréh niyosesalvaRaNg Yosiparing) Rt A Gtc rhiel M

stack foll ow ng pl anari zation is thou ]%ht to restructure the network within
the di énacyef Figh cemprising-g-nhydrogeatiorion Hi Sieorpuidewebiboysedas askortEpde)

rate gl %I?c! tYo &Pé & 15511‘9-%%[‘8;%{%“%5' all %&?x’i a[%%t §élﬁd§s‘dlﬁﬁ‘§ ﬁéhe{}s%‘con

t enper een oun romtens

conpr emw&bﬁbm@sﬂlcd’m@xy’n&mﬂval of material |ike hydrogen fromthe
dielectric is 20 another possible nmechanismand may occur at the same tine

as 15he [H@sA I UkhHE b Endi %‘ﬁle c%% M‘ft’h@cﬁuﬁé{o o%l{eﬁéhqlﬁb?o%ekssm& AfndsO benefit

mor e than the region w trenc es and open areas con oxide is
an exarphtengodf fibn stiaelt fodlomiing pi/ama:rtzabmnisfthcblght toowstalcpos thoGiBv arknveidiin thkhe
density.of silicon oxide withinr icted g (l'i ke narraw

Er enchiifese foiEasShu Tty ORE SPUEEA N SO bl Rty BTN e
reduct itQACRR. WeheRlgiéBéteic EVERL hidDRnRY:HCehaPREH TYAIdUS %raﬁimérhg figbstrate
as a whole may al so be mtigated by the Eresence of the conpressive |ayers

dur i ng ffoor teasilote compréseiveistrensartie mmmn@o wbtceigUidet hyplmgﬁeﬁnrmgle didedsy is
sin tiq a ar i d di eldectrl C é h]f na been found
o 28t oueft Ephr PR eERE M SFb g bR fa® alh T edfFuR IRt yapt 111
dl el ectwiitin ndroswv ReAtRE Wehd &f bdnbRt MbRNANI #ededsh havhm WidctRacisasdBpaxci t ed
at nosphere appears to increase the density of the gapfill 30 dielectric.

Addi ng %3859 S,Hw% oxie Intmuwping ef adislerisiy vdyich brncpt apeptpSMPanmpey The
i ncr easd%n_{ 5’ PrisA %hto ide %ﬁ‘?ﬂ?esﬁ?c%&{s é%}‘qf;ﬁr&b%g iV R %Qrgdﬁewflk ﬁl?;réa§edt during

|ncorpora e SIli1con OXI gen can I'ncor ra
voi ds pheep@nCM]h aﬁlerala{;vaich\nﬁﬁyycapw b Scdy@pdn hﬂ weh cedherater (WER)) dTlo:rphyalycal
25  curvature of the substrate as a whole may also be mitigated by the presence of the compressive

layers during formation of the film and during subsequent processing.

[0018] Exposing the planarized dielectric surface to a plasma has also been found to provide
similar benefits with regard to the densification of the gapfill dielectric. Ion bombardment of the
planarized surface in the plasma-excited atmosphere appears to increase the density of the gapfill
30  dielectric. Adding oxygen to the atmosphere excited by the plasma helps further increase the
density in some cases by supplying oxygen which is incorporated into the silicon oxide. The

oxygen can be incorporated into voids present in a relatively porous gapfill dielectric and/or may
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WO 2011/ 043933PCT/ US2010/ 050060 di spl ace | ess-dense constituents which may
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2 NH3 N2 ree si prec rs may al so include
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carbon-free. The | ack en results in a |l ower concentration of silanol
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e S RS bR AR S eSS b DR M e
t heohy dimexydily(-afdifics medyesd ik cll it dddRioRAeneSed thek thay &t as carrier gases, reactive
gases, or both. Examples of additional gases may include H,, N,, NHs, N,H4, He, and Ar,
among other gases. Examples of carbon-free silicon precursors may also include silane (SiH,4)
cither alone or mixed with other silicon-containing gases (e.g., N(SiH3)3), hydrogen-containing
gases (e.g., Hy), and/or nitrogen-containing gases (e.g., N, NHi, NoHy). Carbon-free silicon
25  precursors may also include disilane, trisilane, higher-order silanes, and chlorinated silanes,
alone or in combination with one another or the previously mentioned carbon-free silicon
precursors. The silicon-precursor may be oxygen-free in addition to carbon-free. The lack of
oxygen results in a lower concentration of silanol (Si-OH) groups in the silicon-and-nitrogen
layer formed from the precursors. Excess silanol moieties in the deposited film can cause
30  increased porosity and shrinkage during post deposition steps that remove the hydroxyl (-OH)

moieties from the deposited layer.
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referred to herern as asnm  precyr sor e radi cal precur sors fl.ow ng
but ot T A E ey Db SR aEd By e e B B ST UL BE it ne
reacti Qﬁrr&gtaﬁ PR&Ursob1Rar AsHBA aécbﬁ@)aﬁreh b AraRic@ G SRR a@APdrbB& (H,), nitrogen
radi cal rogen precursor mx and react to deposit a silicon-and- nrtrogen

cont ai iNng afgohnhabinm, kts. depdsiat-nigregsubrscnisecfonoed fivheandapeiias eensisting

" oeh oo banE Lo BREEHREH ALl Moo Th AR oRERO dondi Hat T s bl G ™

si | coprandpbbrguen fitaninadifdlogd fehbatiamtd. | mwablialchias@at Iﬁemédr@ﬁaylméd e
conventional silicon nitride (Si3N4) film deposition techniques.

f | owablredlagedibyer r@ficaliaequssardeings f50m enannuh &as Ganrstige rqsawarllmoé hydrogen (Hy)

(and optionally inert carrier gases) in embodiments where the silicon-containing precursor
provides the nitrogen needed in the desired film. The precursors flowing into the plasma to be
25  excited may be referred to herein as plasma precursors and the radical precursors flowing out of

the plasma may be referred to as plasma effluents.

[0023] In the reaction chamber, the carbon-free silicon precursor and the radical-nitrogen
precursor mix and react to deposit a silicon-and-nitrogen containing film on the deposition
substrate 106. The deposited silicon-and-nitrogen-containing film may deposit conformally with
30  some recipe combinations in embodiments. In other embodiments, the deposited silicon-and-
nitrogen containing film has flowable characteristics unlike conventional silicon nitride (SizN4)

film deposition techniques. The flowable nature of the formation allows the film to flow into
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WO 2011/ 043933PCT/ US2010/ 050060 narrow gaps, trenches and other structures
on the deposition surface of the substrate. The flowable filmfills gaps
wi t h hi ghwespaaiu3g3ati os wit hout creating voids or weak PEIUS2@0060060 t he
center of the filling material, in enbodinents. The flowable filmis |ess
likely to prematurely clog the top of a narrow gap or trench. 5[0024] The
flowability may be due to a variety of properties which result from m xing
a radi daitowigapsdenchsand pdist strugturas emtisclepesieen sirface ehthgselstietorlheThese

pr oper t4 i .gnifi . nt i it ed
Pl s e ot A GS Buh e e b Y BORE AP RORS R bl felfs SRERG S
short ebaknsf e Wigndategiinerdmticdirhaitsn T fowleils éldiiclesclikal ¢ tofat@aiuadly duri ng
and after the formation of the film For exanple the deposited film may
have a h@sthe ppfanagion gaparandl- backbone (i.e., a Si-N-H filn). Wwen both
the silicon precursor and the radical -nitrogen precursor are carbon-free,

t he5dep®824] edl'tsi flaveablitamaryrbict duege n vaoety aif prapgrtfs iwhidchsreals rosubsimd i al |y

carbon-free. .O course, "carbon-free". does not negessarily. nean.the film
ek SRR IO ik CaPRR ce SLieB AP AN fian PR BV Pastd | n
the prepiMisQht ARI&Sdndlotpohdit ih tRAchbGict MR td $18scH8PESIhbRGhained
silicon-and-nitrogen precursor. The anount of these 15carbon inpurities

howev empobisdazane holyewss. t Hene sioul chabes growrad netwarlsia fooomaye denscslrlediavi ng a

car bon i et .e.q., JE TIVDSO, Ce).. 0025 o], | owi n depgsi ti on of
Che ot i i fog el BREERT ofdhe T FOTRamale b b Sed Hin PR iy
under ggilazaht AicTBNNH-Si WHkBonedes; £ SRNaHTi fY. RHERDPHEE sild8n pldagrsstdrlthat e
isinitially cured in an ozone-containing atnosphere in disclosed

enbodi wedied-niTegendEgryEior prsrratmauibes fetdepasipd sdisanmnd-mitogsn sopgning flm is
processi ' f Wi.n h ira r f

B 71 or ShOSuh SR By (RlbofHId A De Bk A LRSS UETRY pRE LR IR OB
curi ng evenpadeainiudtsdf dattens Washonadoataffiyatiemhe $s ptdiadt i thegfretiirsod OMeridles s

t han or about. 300C, .| ess than or_ about 250C, |ess than or about 200C or

| ess t Al e thgdbwey e ehe deperitef sHicAP-aBHBHHENETB RESUSPhe [ ROHPJUOHIESDT t he

substr %Eﬁ)oﬁ%ﬁg&%&%%%r 4D ﬂExcH fies@ AU WS RPBR FRRES ALHHcEn B%@ers&aﬁaﬁdi%gt fan or
about 50C, greater than or about 100C, greater than or about 150C ot

gr eat ercatboamamety dbguTEDH)TMIDSA| étEer ent enbodi nents. Any of the upper
bounds may be conbined with any of the | ower bounds to form additional

ranges [§@s)t hp1RURSE hatdepd itesahs§ifcALaRI-Ritldged-Bontaining layer, the deposition

substrate may undergo a treatment in an oxygen-containing atmosphere 108. The substrate is
initially cured in an ozone-containing atmosphere in disclosed embodiments. The deposition

20  substrate may remain in the substrate processing region for curing, or the substrate may be
transferred to a different chamber where the ozone-containing atmosphere is introduced. The
curing temperature of the substrate may be less than or about 400°C, less than or about 300°C,
less than or about 250°C, less than or about 200°C or less than or about 150°C in different
embodiments. The temperature of the substrate may be greater than or about room temperature,

25  greater than or about 50°C, greater than or about 100°C, greater than or about 150°C or greater
than or about 200°C in different embodiments. Any of the upper bounds may be combined with
any of the lower bounds to form additional ranges for the substrate temperature according to
additional disclosed embodiments. No plasma or substantially no plasma is applied to the
substrate processing region during curing, in embodiments, to avoid generating atomic oxygen

30  which may close the near surface network and thwart subsurface oxidation. The flow rate of the
ozone into the substrate processing region during the cure step may be greater than or about 200

sccm, greater than or about 300 sccm or greater than or about 500 sccm which is typically
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addi tional disclosed enbodi nents. No plasma or substantially no plasma is
applied to the substrate processing region during curing, in enbodinents,
to avoi d wenerizusesg at om ¢ oxygen 30 whi ch may cl ose theCmasro1905G0ace
network and thwart subsurface oxidation. The flow rate of the ozone into
the substrate processing region during the cure step nmay be greater than or
about 200 sccm greater than or about 300 sccmor greater than or about 500
sccm whrehnpagiadyyi alargey flowo2elaty dy sosasaiic usteutir 039980 Beduridnissipy a

| ar ger fl of relativel re._s ecul T ti

or casut OBt ShhE et i AR G Aran Rl SR s e PR o Tor
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Y e B e R Ll
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the foftitdF>cEbRf-gher tenperature treatment. Fol | owi ng curing of the
silicon-and-nitrogen 10 containing | ayer, the deposition substrate nay be
anneal 0026 an othey gerbodiorengs, thererpasune spdnerey ge¢n-0ontFinamgcemosyiheicoronsinestin at e

may rengip inthe sane substrat rogcessing regiopn.used for cyring when the
oy gen Ror b GRS Rt afndl r ERREAAY b5k AR HCeb 2ha SHige .

trapsf ebfifathif la$ergilfefd%p@dilﬂiorpm5@ﬁé Al Be@nh &N @Dy EaNESHAThG adhophplRer e
is introduced. The oxygen-contai ning at nosphere may I nclude one or nore
oxygen-1dBntTap denpRyitipasabstate May seman at e apma SebsfigePTo@esing Beieusco®r, wat er
vapor (cpﬁgé WhQP( ﬂ{eoogiggerf-%nqgﬁhg@ a@rlﬁ'gng%)erFqg' ﬂm%'dhée%? 8{‘&18’§h193‘?1%te(rh@ b sf&he ),
anong Ot heT "oXygen-cont ai ni ng-gases. The oxygen-contarni ng at’hosphere may
al so i nehdifEremdhaaberoxiyge theanggdny comaiyingspaciphsredsi thirodacat dicoxoxstgen (0),
hydr oxi des. (OH), etc., that y be generated renptely and transported into
the sulSSPRHYRE ¢RQARRETS Mpy ! BRPG IPTE BTSN HORG U R BISEE SUFR S H1NEP

presen r Oggﬂ-%s 20l:2ss t han
or ngotuogi Y %S%Oé?(’Q@%S@E’S‘?ldt%%‘%ﬁg{ﬁ%bib@d%égeﬁgjgg t a@zg%f%@gﬁttrp (131(2)(§C;:(Jl%rQs | ess
t han onN&hdD,, 800Cmenghithéraxgptn-eorbadingentes. Thhexysmpemnitining aghosphee may
substrate .dyring .t he oxygen, anpneal. nay be greater than bout . 50

o roat carpraial it EEREn BRBSTY sPrer iR RS Hbtte S08en 00 BFORNERS (9N or
about  8Q0Ghitm4l) Bd &neRlcda@RRHI YR Sanspi¥edihtd 18 skRBSle BAMBES Iaﬁsyomygen-

conbined with any of the | ower” bounds to form additional ranges for "the
subst r goetaping snepies atay risodequesdiinglicwxaddi aingaldemaerepirogkitic snlstdicraat ke The

d b ddi t i | lL.ed i | '
eveh” nronart g I A R 3C0FR Rl &l P e RN A R et

anneal 288yt $00°QliedifRfent BABodeaR0 Uthe 33RferatdfsiitRE stbigkite ALriAP eHetoxHRaLC,
greater than or about 1000C or greater than or about 1100C in different

enbodi #ERgad may g zpgaterfeaneitaberind° Sugrsttenthan psakoye A0QCa gecpter thag or gbeut
oatter 10y EERERMER a8 btk B cRichritnl Afadiehfs Shi SO ADRAILBRY |

Pl anar ibzicombpredcatdsas «uiehloagr bddds ypiozal ddditioaainaegssebethe albsafatecch ext ends

farth f th bstr at idly th d naterial which
Fapther avay from e subsrate mpr e, Laphdly (13, eqesspd MRlerhgl whi e

additionally be annealed in an inert environment at even higher temperatures. The temperature
of the substrate during the inert anneal may be greater than or about 800°C, greater than or about

900°C, greater than or about 1000°C or greater than or about 1100°C in different embodiments.

[0027] The patterned substrate is then transferred to a chemical-mechanical polishing (CMP)
30  tool. The silicon oxide on the patterned substrate is polished to planarize the silicon oxide layer
110. Planarizing processes such as CMP typically remove material which extends farther away

from the substrate more rapidly than recessed material which can result in greater planarity over
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WO 2011/ 043933PCT/ US2010/ 050060 a sel ectable |l ateral |ength scale. The

| ateral length scale is typically significantly |less than the "l ength" or

di anet er WO 20h438Bstrate. Ot her techni ques may be usedPCo/ysb@nasiose t he
surface including etch processes tuned to preferentially renove silicon

oxi de whi ch extends above recessed areas. Material from both extended and
recessed areas is renoved in enbodi nents. S5After planarization using CMP, a

post - plaasksriabletlpteral tingthessalei d'hic hateret lgagthissale oy tiypigaldly sipaisisantty lessehan et he
ttern t i shi .
o5t - pi gt S BBl terl Ry LR Ly PG GGl af Bbharf Mg purfce

( especiiadlhdihg bRh Heowctsee nmbde so prefddentiatlgasraclvd silidoncrxedsehidr Bsichds dboyond what
woul d be possible prior to the planarization. The substrate may be cured
and anriessped ey Yhatered fionpleih saiended gddpeessesareasns roraved tsRbOHMEtEhe

proces I er d 1 : - dj i

A e N B
enabl eso thegasamed suizadicrtbat the prepaishedteethave to further increase the
density of material in all recessed areas but especially within the narrow
t renchgge2g]heriy Raepefar®latibh QicREVAERCRARDAINKE B hhidrBe wethRS@SpdRla@y) M ty of
the post-planarization dielectric interface to the narrow trenches, nay

al | ow umarreadtendhasito bogrerted B witcasendenkigy béyiomd twhabeofildritchessiblicpploatettic by

oxygen._ | n .ot her r he o en,exposure further, the conversion from
o ComaeBer dB S Rawiiar Y ARy SO R TEE At BB AR SRR ayer
I N 10egiiRNeding bt fha/yRbeess paamytck emebain B s pHRM frékentcd tiey disessibehabeiated

pl anari zation. The additional densification nade possible after CMP shows

t hat t ethspeatioat \§r Khaippsiimanerigatiichclelyic hetcregerrnablasthelyyme gabediaranis ng
di el ect | - i . r i 02
o by oo AR PR IR GNEHAR 2 AUEn (98 RECDRITNSE 01, 02
restri ctidtn geamebomtraichésh e Herpessehcaaithdetypeh combinet maihntha elov@rptoximity of

restructuring during the pre-CVP anneal while the renewed exposure after

CVP al ItRaROsEPLRpHTatian dicaddiig ingiEace Hethadrrowdnehis: WY Aoy entsesigd nittagen
oxygen L J e [, nl unds
T B B B o L e B S AR

25f ur t Hertharnied ecohectsionrfoge nilicomardrodaligiebstaining laparte adieomond-brygen-
facilitate. network restruct.uri ng and, i ncrease the densjt i thin recessed
areas. PBHZYIE e AR WIS R A LH Mi%wﬂteéﬁterﬁé%W%di fied as a
resul t fhatiBRionNtmeduEkibes d@ﬁsiﬁ&ﬁiolﬁ%éd‘e?o@ﬂ@l’é'aﬁ@ﬁ CP oRBAhat tiRASi0ET t han
densifying the filmin preparation for downstream processing, the pre-CWwW

anneal nghwark nathdrsa tronchensay bymaingaingd by e overlying diclasirer laye. tOnse dvpovstlgimg 30

Thi reduce or elim,nat.e the. need fqr. t.he hi tenperat ure Ion of
{ nedy 1 aich 5% HrbisgulhanOs MRS renst sl ot lhud SEERL ShSaBREMET %
an 0zonan&dNTAE AlsttRINtofiRA®Athe thddcRtlaghchHodh s SetwioklerckirhduigOdirigs a
| ow terrper ature cure I n an ozone-cont al ni ng envi ronrrent VO

2011/ 04oB3HAHP Espod orhols dosoneed exmostic pEApeM alloavsaigndlgant sddional y
ot Por ATy Eomen RPN QT e o BELAAATA RoERUER AR AR PR o

t ol er akbetathéieaimpeemeas snd dadichidsicanibed earlipo SThadhgpai-ca@hintiy Ambglercay
potentially-b? sed to reduce,,. ) ) o .
25 further include hydrogen, in embodiments, to increase moisture, facilitate network restructuring

and increase the density within recessed areas.

[0029] The anneal before the planarization step may be modified as a result of the introduction
of the post-planarization anneal. Rather than densifying the film in preparation for downstream
processing, the pre-CMP anneal only needs to densify the film so it will tolerate the CMP step.
30  This may reduce or eliminate the need for the high temperature portion of the treatment. In
embodiments, the film requires a low temperature cure in an ozone-containing environment. In

other embodiments, the film requires a low temperature cure in an ozone-containing environment
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mtigate, control or prevent filmcracking for flowable filns during
processing since the pre- 5 CW anneal may have a |ower thermal | oad than

t he post-wWbRoamasB. The post-CVMP anneal nay possess a RCHhUSt@wpsat ur e,
but the thickness of the filmis reduced which may reduce the chance of
filmcracking during the anneal. [0030] In sone enbodi nents, the patterned
substrate conprises a narrow trench and a recessed open area, each of which
is fil laadadpw ferapdritarsranssal de am ox yRescaoniséring poveonmest. alnragdision teflelamingtinat y
10 of i iLlic i h I

maybe 4 8Tt RS cbiG b iR, B b LR R Ao 8B LB HEEBED

area. Tefeat kadsbictigicrdfiayrdt- plytnméaaaum hii@al @ pwetnnen;z be naddeo whkioe,each
material is exposed to a hydrof|uorjic_acid hased etching sol ution (e.g. a
6: 1 buffMiiggs, %@FTGEOTGRTEYPH% Hineragking for doyeabls fitmy @uinggirpersting émﬁ%gheﬁed t o

demgns pagh
|nn?retnd::1ﬂpf%n m qé’hﬁ@é&%ﬂi@#ﬁ%ﬁc}e éj%(%g%%@%%m w%cﬁ trenc s a
open amwzspos{;e@ﬁ)a h}ghﬁbl@ﬁeraﬁwe DBt meehlckms; othc tfilmnateds cdiewhich amyotdwan tied ch ed
gapfill  silican oxi nd an etched gapfill silicon oxide film

pr oces $B#EOL EigiG ln@ ’gga]b%we@nbodl ments. The schematic in FIG 2A

shows a support substrate 200 with nultiple trenches between trench walls
202. THEOJ0y| |Invsam@rem,ba§,irmpsoghetm@emed lsulzstrateoamaipirges a narrow trench and a recessed

2t 200erogenHRPERRRR BBbelifhbeeEis (R RLIGER AU A, Aineg o

pl apar iz effcsts ithgd&aviy botheRgiconRx Rk wWitkeh aRamrow tdeh pai t‘t%ﬂ&%dhzﬁwﬁé dedig. A
nitride stop | ayer was present to help stop the polishing at the desired

| ocat i @h thersilgconexide winhip tha teecssessensnanee: i hat ¢avrbedictarainadity mepsuringthe W
shown \@tcthhra%%ﬁe%%akﬁ Hl%te%gfl‘ls e%(gs%ﬂ t&a “?&roﬁﬁ? 1C !10?(?} Bgss%g%ﬁ:%%ds% dlt]{&ﬁg g 29‘6 ?OE

the remaining silico Frow trenc ecessed
open 25>aﬂe&d2&ﬁte1et¢lsso$1hmﬁm ASipagfis edst sirdcture svas Thel tanemohstefic thatbendfas of

removed nmay, be referred to as the wet recess and is proportional to the

\ER, TWéetb\%%s aeeRIgng tardipcisecduspipackiapits pp yfrencdy el dyadity. ohke steichire hpaned-belbss

My svary, Wk ok Wil BofartRe trench. The etch rate of the narrow gapfill
portions 204-1 ?‘glegrea{;lper atrian that of the w de gapfl | portl on 205-1

oont - dBf B, pREES R3St G et SSEh AP hnrd ST Hhsp it SEER e i
' the aReneaL KGR0 RHZREECTS LEERAAL 050000 dieaRaLinfu e v st

rate conparison after a post anneal (in an inert environnent) is shown
i n Fl Gsclxmatithe FI@:Z;%S@VO% WPQOﬁaubweg%Qwauth mpbrptlfr @whaﬁhﬁt@eqn@emhdealls
gapfil o] are no ause of e incr ased in
oo BTt 8| FRRE Baf ot 31 e RivaREC IR - Pl e RE g R
subgt arfdsahdnycut@t sliemntdled HE200POSIDOSER G dtedhabn® sfvRC11¢ 007C G ﬂle&Bafefr he
wet recess was reduced to 34 nmin the narrow trenches and to 30 nmin the

open amé theprdanysirsd pying CMIdthe kep ofdranebesgaghe pattesend: subpisata 04 -miridagtophe
W de g Hv]&Jas QLL98) hglﬁ% oﬁ tﬂ@ 1§hﬂ1(\gra%"?lfl (%sﬁlejc[ [oGid eriRasL iy ﬁ{‘ég(fogi

however, en3| ty rrow-gap portion’increase

signif ipd:aillatlkanon'ﬂﬂd:lsaﬁb imwfacbhmﬁdﬁﬁi With tibteednarerdOV, Qe ialwet pehtfoi0I) §eooldcone
nor e 5|mlar o the VER of _the wide gapfill portiaon. The etch rate of the
wi de gabfiorh Bégrtﬁ? Bnaiyng silicqpyoxide i t%ﬁ@afrﬂw teppgs 28l 4 t F%Ef‘%% open

densi t Yyreql H)svy %Qh?wf? ﬂﬁn Eol?(pﬁﬁesl% Ut ot ﬂatér{ﬂl%mgv/@d%ﬁ DercfdrFdd th 3k eheof

t he narrow gapfi port
wet recess and is proportlonal to the WER. The wet recess may be different in different regions,

¢.g. the recess may vary with the width of the trench. The etch rate of the narrow gapfill portions
204-1 is greater than that of the wide gapfill portion 205-1 resulting in the lower post-etch
dielectric interface. The wet recess was about 90 nm in narrow trenches having 65 nm trench

30  width and about 36 nm in the open area.
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[ 0033] The net hods presented herein are described using an exenpl ary
silicon-and-nitrogencontaining filmwhich is subsequently treated to becone
a silicorwoxnder48438m 1t shoul d be noted that the netho#sTrmgolomswsed on
silicon oxide as well as other dielectric gapfill films (e.g. SiON, 15

Si 0C) deposited using a variety of methods including SACYD, HARP/ eHARP
filmns &also known as TEGOS-ozone silicon oxi de/ TECS-ozone-H20 silicon

oxi de) ,[0&il n-Aretigrany ctcBody, comm@m@ﬁnam@&@mwé@mp igent ﬁ@dwn@;@maés
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oxi de.
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trench and recessed open areas may .involve re-flow ng the gapfill mnateri al

or heal$58S e é@%ﬁ@%@g&wrﬁa@&fbéwmlam maghehwrthe ﬁ@ﬁs-éréﬁe%filtsplmmaﬂ[caﬁ $-
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i ncrease 't density of gapfi I'con oxide W LRIN trenches and recessed
open aﬂ&ms&nﬁxuﬁﬂbﬂgmanahawm&pﬁhpaﬂ&ub§®4amﬁdﬁﬁn@ﬂ&gmM@lpe@bnaO&ddmaen|ng

t he pat.terned subs ate sed as repl acenent for or_.25in addition
to theﬂﬂ%ﬁsﬁ&fiu%%%@ Ppitch Mk gl PSSk bl JoRgY HoGE PPBeY %P%@P%@Py Such a
pl asma jfiasasall %r@agaftamﬂ ms hNRT SRS VER S Eh%'}ifah"ow Qb figgRkHidnl to %&drﬁ@ﬂmre

oxi de. Plasma and thermal” treatnments can be performed concurrently and/ or

S equentSiraillaryo thENY BRI efghawi deegap frl portean The epariarafele wideagagh apdion, pitas ma
hanb d.f th
D reRfing fhs S}q%st%?ef%ﬁ%%‘aa%r%ﬂ% isenif 855 BhAEh o PR PR R s S586

processh@gnﬁgn§bfﬁ@@gg@w Fbﬁﬁnaccordlng to enbodlnents of the
i nvention. The method 30 |nc udes planarizing a gapfill silicon oxide

| ayer iﬁ? 7S T rﬂ@tﬁ{)gstc%rg{énge%i%e?gm F e%esélr}%:y{'l?mg 2?9 rﬂgﬂrﬂ{ﬁéotnr eﬁltdem%rg Lhen

treated I'n an ox alning pla m-oxygen- con PRl ng WO
2011/ 043R@RMEST ﬁldﬂo‘%m/l@&ﬂ@e@lenﬂ@mms@tcsbecemmladoyi ouideginr. do stioal dibsgoted
pr ecur sors wer in the discu ertaining to opergﬁtl on 108 and

I
112) ofthgtithg m tioelﬂ'n%gggwﬁi %%lﬂcamrw%' %Pva‘@kﬁss%beg d\iﬁq?qtﬂ% gkl (5e- Si
acqenpaghe E%Sit&?ustm%géﬁetfki ﬁaea%dy |Lan%az§ 26 VONEIA KB/eHRRP: films (also

Pl asma- exc I nert gases substantia hout "any oxygen- cont ai ni ng
pr ecur sapenhafE€OH-cmnbeditom oxmdel/TrE@S-ummeﬁzé) siheorbatedsi Spyinddn-Gdwss (OGS | i con

bot h olyber-eueashi A5 LS S e TraRaC EDHE LM s aRs SR have

al so beamok WD hsA beIDf sl coR QK RicD Mhe FIm nfe@ BalundOpe dt MEcat NBERATS ) dr
noi st ur e. | these pl asnma- based Erocesses have been found to increase the

den5| t ynayrizk cmpodl (e Baope-PhpsnhhtrSidents Glases BRSOH ereasimgitha d@mtﬁwsthaml

d Th
I o Lo R U E R I SR DS T i
hormgerwm@n ol g fgapdirdg doakemal Wpekitibhe pl asma process and the ther mal
processes are sequentially applied, the plasma process may precede or

fol I ow [f)(slﬁl]t PRk PLBHERS such as curing and annealing, are not the only way to increase the

density of gapfill silicon oxide within trenches and recessed open areas. Exciting a plasma in a
substrate processing region containing the patterned substrate can be used as a replacement for or

25  in addition to the thermal steps (curing and/or annealing) described previously. Such a plasma
has also been found to increase the density of gapfill silicon oxide. Plasma and thermal
treatments can be performed concurrently and/or sequentially. The plasma treatment can be
performed in a separate plasma chamber or in the same chamber used for the other processes
described herein. FIG. 3 is a flowchart showing selected steps in methods 300 of processing

30  silicon oxide films according to embodiments of the invention. The method 300 includes
planarizing a gapfill silicon oxide layer 302 as in operation 110 of FIG. 1. The patterned

substrate is then treated in an oxygen-containing plasma 304 formed from oxygen-containing

11



[ 0035] During the plasnma densification process, a plasma is created in the
substrate processing region containing the substrate. Inert and reactive
precur sorwoQopta4ssal | y) are flowed into the 15substrat e POTASRELIOHP6O €gi ON
and plasma power (e.g. RF or microwave) is applied to the region to excite
the gases. Plasma power may be applied in a variety of ways including
capacitively and inductively. In some enbodi nrents, RF power may be supplied
as a mpxmrsor%qmlymmgeny@it@amgwrg@mm weregipipsrin she distiisgipn RETtFRiagI@NCY
(RF1) of R f He ance the
decorrp% [ ?igl?%%ggg @feﬁ@l\%cﬁ es | ta(lgﬁgkf%mssg%gxt/l:ﬁ a %&%&f pe:]ocesm ng
regi on achi@eﬁlmﬂdjyfmé?ﬁ gmqamse@bmgaéesrm Kareyc. pymhmabmaadnem g@askar gel y
determ ned comuni cation interference considerations. [0036] The

t enper éﬂhﬁt@t@%ly PHBOY HSxyEeN-FRR BB EgeArors havarIseihsan fornd o kst thesoc,

aboyt S
Cenper Seiry GRAHL SHitn BKidD AR ank Bz of Sl P RRRRR LR e v ing
about %ﬂfgxygmdoﬁainﬁ@emhnd ameingdsogorgonaifiniAg ptdaersu;srimwe hisorbbal fonnd to

substr ure nma conmbi ned. wi t.h any the | o lLimts to form
ddi ] O e URgen bl e TGRSRt Hgra i § rsiebiesini s agpessses fav
enbodi nrat &unl['?@m@fe%@ﬂ&% Qchditytdaa p%&h%é hﬁ%@mﬁﬁﬁ? 8SRHNRY WilEh RBrdR¥recRGcgr eat er
t han about 0.5 Ton Torr, Torr, or Torr, in disclosed enbodi nents.

The pr esdmgcsssed optteargaﬂgs"fheaﬁtxemplamy: pwmg)f Fégi bnommgaetbwhhelh@wlabm okid20 Ton,

aboyt 15 about r, out or_about in dj S

ot ant R PuysBR b RIE oo AR skt naRRBmARRRES i8R #Rre ) B ni ng
any of plighal Pv&ks hidwht %&ﬂa%@@@%s%r%dqﬂeﬁ[hﬂy%@phm theRSImd pridtdss mahen
-13.56 MHz is used to excite the plasm, the RF power nay be between about

25 Wt msccanionisdaw thothemaglipsocopet ween about 50 Watts and about WD

2011/ 043933PCT/ US2010/ 050060 350 Watts, between about 100 Watts and about
300 Vat[0e359r Dbedveths p&bmutdeﬂﬁﬁcmhtpsoc&m adpiatia i2 b2adddtin theisabdiascprosading
enbodi nents. Any. of the upper Iimts on RF power can be conpined with any
of the r%%ﬁor}talmntgsth? OBt Jfdi addRAtive RFRGESOTSPPIRIREY) 1R r}g&’&ﬁt“ilt@r‘i%ﬂ

di 56l O%ﬁﬁstﬁ[%lgﬁbﬁﬁﬂg% iGh LAY owc'éft(ﬁgrﬁ Sr AliG6RETE QQa@ﬁ%ﬁ%ﬂr{egrQ éﬂrl to

Enbodi nent s ep05| tion sys e I ncorpo at ed into
f abri cakcionths gstesnPBlabma ppwodomey bg appitedgn atVBdet@’Idf mlys irchidpsg caphively shdws

one such, system 400 of oSiti baki ng, and ch ers according to
o ec Tt RS G acmpaheRas K poger iy ud Mgt B e aiing |

uni i edyReds)su gplzes%m!r ¥t & gﬁ uéﬂégs (REAY 88 15 86 WKz %Qpa 5% RE3rRh&icy

waf ers)” that 10 are received by ro oti'c arms 404 and placed into a Iow
pr essur(BFRpofd GQQCHZ éqaerﬂlaﬁceﬁée d¢@nmwgn oif seaetdve speoice mgrodficadHatovsabssrate
gessm chanbe £ econd robotic arm g%@rgareﬂ%gt ;
spdF PP %eﬁboé’tr eép%é?%ﬁsq‘feﬁ%’ﬁ? theE S H?YX@YA?C&‘ &y 6L dpPonaedi ng
charrberb§, HaBamicatind iRagkendc Q38 HerkHengPr ocessi ng chanbers 408a-f nmay i ncl ude
one or nore system conponents for 15depositing, annealing, curing and/or

etchingogsdl! oML G a6 th Gubdn'af0 ALY DS ZUPHEA F&uIBORY, b} 150°C, about

200°C, about 250°C or about 300°C, in disclosed embodiments. The temperature of the substrate
may be less than about 600°C, about 500°C or about 400°C, in disclosed embodiments. Any of

25  the upper limits on substrate temperature may be combined with any of the lower limits to form
additional temperature ranges according to additional disclosed embodiments. The pressure in
the substrate processing region may be greater than about 0.5 Torr, 1 Torr, 2 Torr, or 4 Torr, in
disclosed embodiments. The pressure in the substrate processing region may be below about 20
Torr, about 15 Torr, about 10 Torr, about 8 Torr or about 6 Torr, in disclosed embodiments.

30  Additional disclosed embodiments may be formed by combining any of the lower limits on
pressure with any of the upper limits. When ~13.56 MHz is used to excite the plasma, the RF
power may be between about 25 Watts and about 400 Watts, between about 50 Watts and about
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one configuration, two pairs of the processing chanber (e.g., 408c-d and
408e-f) nmay be used to deposit the flowable dielectric material on the
subst r at evoand/wbes3t hi rd pair of processing chanbers (ePgT/US4Q8A5050 may be
used to anneal the deposited dielectic. In another configuration, the sane
two pairs of processing chanbers (e.g., 408c-d and 408e-f) may be

configured to both 20deposit and anneal a flowable dielectric filmon the
subst r @08 Wi betwepreabayit 100 Mitts and abdid gbe Matiseor etwegpghow)! Shayatiseand gbguts or

W or E- CUr . Siyt il i i tion,
a1t g B R bR RERRE S peule fpel Ry oh REARRI Sl SPEMHBHEET | O3
cur e a withomshifehdiodlee titnits €0 fdrimnadditionberafgddsbr pdveer ih Addidbnaaditlveed
configuration, two pairs of processing chanbers (e.g., 408c-d and 408e-f)
may be SYOEAIMBYS-bot h deposition and W or E-beam curing of 25 the flowable
dielectric, while a third pair of processing chanbers (e.g. 408a-b) may be
used f dixcaphenSubxgratd®rodéssingSystem film It will be appreciated, that

addi ti confjguratio of deposition, annealing and curin hanbers for
1 owabiURH o gebRtERhs AR eaioubTht st By Meg@OEt o fareef SossfoaT
addi ti %9ste1ﬁ§‘€or%'r’r]odn{1§gr% iﬁf_lgﬁﬁa@&i ARG RADsC W@Mﬂﬁm&%@@ﬁcﬁ”@éteﬁ%m de@b'slﬁﬁ&l,gs a

wet treatnment cha : ese process chanbers include heating the flowable
di el ectbekingfand puiing ehand0rsacnorsplede eischaed emboditiestsnbi thedrgmre, Tipag,of FOUPs

enbodi ngnt s _of. syst 4 y_inclu t 2011/.043933PCT/ US20.10/ Q50060
Cr eat oTPMGRABEND tde) AR bt i s e R BB or m
botih wetc RBEVET ¥y AivdEakEmPI4 i fleRashtb @dowipedse@thbldidd 4o 400640 e Ueidg SA

is a substrate processing chanber 500 according to disclosed enbodi nents. A

r enpt e DIACEE HHO 893 e PRIES)Precresing ghasriseedBas. dascopnd eabotiperm tH @vwy det hr ough
. | 8y ] | b
i O n rElo PSR R g ARG i1 BA8 1Bl Yo BN SnELRPMEL™, P

passes 40Ri-6ughbidke renote plasma system RPS 510 , while a second channel
513 bypasses the RPS 500. The first channel 502 nmay be used for the process
gas anqoddtg SARIMCEBAR RImRLS46Yr Bgy HRARIC AL ofriok SR hid £ scl osed
enbodi ﬂnenjt.gqs3 Thcewl ?ﬁ (%r cnénduc(?%e f%é)p poretoi or01) 5215%{'3nd a0 erfeorat ed

palti t ideposhtn;, aneeabhgwaring bind/anctcinsg b dlowaglekielectge 54 onnhdetbaran wafdri ¢

allows an A otential to he applied to the lid 1 relative to perfqrated
U1 T R SRR bR ptS ot IR ek P PG e DR e AbED BT e S

chanberdepbRSHB 166 GHIC 1A FLlri @R i@y oPfc QY bdttatd afly thd t]l@ilrdiﬁzﬁﬁof ﬁ}o%’s@i er plasm
region 520 alone or in conbination with RPS 510. The conbi nati on of chanber

pl asma chagbam (62048 db onayRrsiBd o aeneabide depesited diclasties [naanogdres renfiduasiien,

system herein. The perforated,partitiaon | O rred to 15as a

Shower HBEii<y s BF iRl HBRb b L n 40 R Raf FASHD Al o8Bty gg oo
pr Qges sicpesit &diaancdd dd1dnaBrRatiflcsitiowemneane &b3iratShomes the aitrbSdr af dhanber
pl asma present in chanber plasma region 520 to avoid di rectl%ganC| ting

gases i(PgsdBSrbhmay pe bicdder HY ardgbern smang oftthe denosited fikmn.| Buitingnetber t ed
SPeC! C2pbRalrhAt Ll i B SRATRAEMBLRTUR., 4EE-HIRAR doAkBuRH RS HERLR ARLRRSSS! N

regi on
flowable dielectric film on the substrate. In yet another configuration, two pairs of processing

chambers (e.g., 408c-d and 408e-f) may be used for both deposition and UV or E-beam curing of
25  the flowable dielectric, while a third pair of processing chambers (e.g. 408a-b) may be used for
annealing the dielectric film. It will be appreciated, that additional configurations of deposition,

annealing and curing chambers for flowable dielectric films are contemplated by system 400.

[0039] In addition, one or more of the process chambers 408a-f may be configured as a wet
treatment chamber. These process chambers include heating the flowable dielectric film in an

30  atmosphere that includes moisture. Thus, embodiments of system 400 may include wet
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20[ 0041] Shower head 553 is positioned between chanber plasnma region 520 and
substrate processing region 570 and allows plasma effluents (excited

deri vati We® 20f1/q@8Baur sors or ot her gases) created w thi rRCThsatiensEbasna
region 520 to pass through a plurality of through holes 556 that traverse
the thickness of the plate. The showerhead 553 al so has one or nore hol |l ow
vol umes 551 which can be filled with a precursor in the formof a vapor or

gas ( skshtrzgnt ghambare4ifa-parbrmgplmregyspne ehamlnry 4Qtedd warpsformbetiytictsird|dry

hol es Nt o f . cess|i ng region 570 but not directly into
chanbe?lg%?aé@rpathr%ggﬁésﬁt%égﬁ?&%ﬁco@%#'head 553 is thicker than the length of the
smal | est di aneter 550 of the through-holes 556 in this disclose

| d
enbodi 20401 I]ﬂ%!séé? a S RbSHRIoTAFSISIES §hﬁﬁbqri598ﬁgcqg@ﬁg & fisclosedrenarodiments. e@_
Evon BHET R SR BTl SRR Pl PRI ot Gy BRI 8 ocssin

t hr 6ughsdeaibdr 5 hayTwe disasttrdas s@ehlpyhdnaclsiaregvikidlegerthiditlengtsenlcposemon S 10f A

t hr ough: hol es art wa hr ough t he shower head 553. Th h of the
i | sdviaae 12 B35t Hb G0 gHONY! S Teres PR GBI (526 50060
556 maychmdlchgnRAFES Qfﬁ‘é‘ies olc RPYBHG.UHR: ARt ERANSIFL! RS bl @A Ehe Pfockdie

t hr ough- hol es 556 or 1Tess in disclosed enbodi nents. [[0042] In the

enbodi menandthowecond kbevwnch2bidmes Be mead fdi & treatimeneggsun discloseigrhbdibnerts 5583
process. gases whi.ch contai n drogen. .and/or njtrogep and/ qr..pl asna
B £ ueniedapfongtifof Rt Rol s RE o AL B PR 3r T by o R AT Bl

pl agma P2 nn B&ceh, widBD SRt AC zdoﬂﬁitiﬁrt@%?a pB&@Btoithé @Y Rdativatte t he RPS
510 and/ or chanber plasnma regi on 520 through first channel 512 may contain

one or Petfpeteskpasitiiety 3 Okhe preseshegas(tosyls thipogh Kot chopel Nid3ntonghpmbachlagmang
N2H4, sjl. > Al 8] > L I i ncl ude a
carrie?%%ggggh%hfgégﬁgF?%%@bg93%%EQHP}E%6§%%?%§%?QQ$ES§¥ﬁ§n§§5ggd channe
513 mayombantide WitheRPSS5 1. Ofles®ngasation df ohardBer dlBatarrt€on §28 andod ROS 50
filmcuring gas ysed to renove an unwant ed conpopent fraomthe grow ng or
as- dep@w@de?@neﬁﬂo Pt AEHROtR PRI AYSCTHAG S h ol ifderiogHs G paftitien (méipTe edo

deni ' ,
r :gSV‘atak \é%ﬁo%rhéirbg SR8 Q §a?e£§=%@gp?lg%|¥% gélg%h W f&h %rs{lﬁﬁra?ébﬂa@érsgl?g rrg%ﬁ%lg ‘o

i cal - oxygen precursor and -nitrogen precursor
t he at o) beoaistlioweehtad 568. Shewgheoress alas/siantlasodumestnt nGddBiber plasma

enbodi nent s he nupber of t.hrough-hol es 556 may.be bet n out, 60 and
Shout Temonsad BnPa e et T R R S D st BN D BITEAH! ore mast
easi |y aBafmd KU spbbRs &Mdvce sbmdiamBtepladhPriont M0aHGN bR LS proebisiBYy be

between about 0.5 nm and about 20 nm or between about 1 mm and about” 6 nmm
i n di sctgeed’®nbodi nents. There is also latitude in choosing the
cross-sectional shape of through-holes, which may be nade conical,

cybondrogal] oBhowveelwaBisnaty guiithed Berwlcw® clsdhane plashieedloi B2 af subb@dtt hol es
555 used to introduce a gas into 20 substrate processing region 570 may be

bet weePrIssHRE XEEPNa® 418 slows phoma effhenisd excitgn datvags ahercaBers opoter i n

di f f i ment - . | c
11 ot PR THR P 1AL g ST, 10 55, ot v
showver 6@ dh hdvéres theskickidshofthppote sHhduhookehe 55hesohai g dronatt dollesed

enbodi nents. Shower head 5 corresponds wth_ the showerhead shown 25 in
FI G 5/3(9?&%8 \ﬁﬁeh @él%stféf’eér%lﬂaweewéar i the, foam of ag@por freds (ich ab e silicpip)

onythe cBRﬁa‘gﬁg @Ec&'&'&r‘j‘@ﬁ&‘?&g tlﬁé%lﬁ&ﬂalﬁhaf@?ﬁﬁhto‘ sﬁb?t?até Pf%cEﬁHrfg 1?%‘211 5768Les

555 are di ted substantialTy evenly over the surface o
shower meadirectly emtoamamysitpladne reproodgh- BboesrhB&bS Mhis thicheeltips tho lgpetnvafdee nor e

even mséliaﬂgst tdpa%?et&tggﬁ I’of %%bt goiugﬁ-q{[ofes %% W j[hl?se éilscqgsre%ierr}ibodiment. In order to
maintain a significant concentration of excited species penetrating from chamber plasma region
520 to substrate processing region 570, the length 526 of the smallest diameter 550 of the
30  through-holes may be restricted by forming larger diameter portions of through-holes 556 part
way through the showerhead 553. The length of the smallest diameter 550 of the through-holes
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[ 0045] An exenplary filmis created on a substrate supported by a pedestal
(not shown) w thin 30substrate processing region 570 when plasma effluents
arrivi ng wbhrough3er ough- hol es 556 i n shower head 553 coRrDITAES26M0050080
silicon-containing precursor arriving through the small holes WO

2011/ 043933PCT/ US2010/ 050060 555 origi nating from hol |l ow vol unmes 551.
Though substrate processing region 570 may be equi pped to support a plasm

for ot Rép npydedbe sxneerdpr elsmegniiudgas the splabevrdiameteyod sathrapghihelpstsieé ogr owt h
of the1&%?&8&&%%@ﬁ%§%hﬁk99&6] A plasma may be ignited either in chanber
a

pl asma FEegi on ove shower head 553 5or substrate processing region 570
bel ow shower head 553. _An AC voltage typically in _the radio frequenc (RF)

range il204%p| Indle gabediwsntshevacHgicthcpd 5o 3 prayshistiipe 603 thypughholes s si ng
chanber WeTall i I J 520
dur | ng PIEAG FRANEHIEREn R b Bol Hldoof ) BTl SARE pRlsrlh ARMT SEER

bot § omppda@shEasenupcnexsitdsrigt eplpsmc mschiamper @asmonrcgikt 329. tluembddiorentsothei t her

ot on PEe dsieied i ibafis.ol Sidie- 288 ng TEGuerar hphd Febtapnes’ "
appl yi i ahyAoniol 5085 RSLWEBRySNqeE), Bea (9 oI NAIvmedgs! Rl HOmcRAlom of

the chanber.” A cleaning gas may be introduced into substrate processing
r egi on N2, wharee dishenepll @8 rrandil3S Aor dBentoceds@o4 May Thse incdudcatarriet gasgaeh as

precursor. is created | he r te pl.asm jon and travels into th
Substr 1euuBy wEREd Rerdbpb RS Re BTl S Bk aP ahE Budate gy 4igror
exgpt ed daytidrh@s, aadioe alfilthkihg @FLikch tE i Rlan unka8FR REMPFBRENS frobh@e growing
silicon-containing precursor Is excited only by the radical nitrogen

1

pr ecur $6ps-depasyediiponBlasmapithicssipayanrhide pnzgsdior aguter dorivasivenel the percess
pl asma s egi ' i ent.s, e ' | i L9

br ecur 265 Py 4o STRICTER Recth 3 PRSP VB B 0B) o BB fResr g
pr ecur $o¢curdod CA8Frink o dixhashiteohsitemu ofthagraacshashearodotasma regi on, the
excited plasma effluents are 20generated in a section of the substrate

proces gy eglic eﬁﬁédté,itmﬁﬂnﬁe&gm@g%%mégéﬁ%a | 00w RRENIR Ut BE aR] SfRE SOT S

mx and react to gep03|t the silicon d-nitroge ayer on a deposition
subst r 2060.( €hugh-hoks 36 oraghetoa vavadte of shaphebwact mest cpbibsmadefouhdehhs are

al so accoqnpani ed b excited i t ses (in the exenpl ary case, argon).
The substlG duprspesBiatiTPes Blenip be” REBErPHLEPHEP & Hged hp e rrtser
duri ng teRfecd28¥4tN A ddaeibsid 6 SRNMANSISNcH LRBEAMEAR aTh&kRPalkWeifudedrf OF
exanple. "Plasnma-free" does not necessarily mean the region is devoid of
pl asma.chpenigibd cross-sectional shape of through-holes, which may be made conical, cylindrical or a
combination of the two shapes. The number of small holes 555 used to introduce a gas into
20  substrate processing region 570 may be between about 100 and about 5000 or between about 500
and about 2000 in different embodiments. The diameter of the small holes 555 may be between

about 0.1 mm and about 2 mm.

[0044] FIG. 5B is a bottom view of a showerhead 553 for use with a processing chamber
according to disclosed embodiments. Showerhead 553 corresponds with the showerhead shown
25 in FIG. 5A. Through-holes 556 are depicted with a larger inner-diameter (ID) on the bottom of
showerhead 553 and a smaller ID at the top. Small holes 555 are distributed substantially evenly
over the surface of the showerhead, even amongst the through-holes 556 which helps to provide

more even mixing than other embodiments described herein.

[0045] An exemplary film is created on a substrate supported by a pedestal (not shown) within
30  substrate processing region 570 when plasma effluents arriving through through-holes 556 in

showerhead 553 combine with a silicon-containing precursor arriving through the small holes
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species and free electrons created wthin the plasma region do travel

t hrough pores (apertures) in the partition (showerhead) but the carbon-free
si | i con- cwotai mi4BgP3pr ecur sor i s not substantially excit edThp2elesebasna
power applied to the plasma region. The borders of the plasma in the
chanber plasma region are hard to define and may encroach upon the
substrate processing region 30 through the apertures in the showerhead. In
t he caseésefigamting faa hoflemyvadeugt &d .- g substraiedirpceasipg reiar S100nybe i on may

be eff i thi i region dir . -

2011/ 05358 By B PsSBELY EhF ARRRES 3L SR EMENFRL hrailving s
cr eat e@rowthtdfehsexeadplatl €lgar ocessi ng regi on wi thout elimnating desirable
features of the formng film Al causes for a plasma having nuch | ower

i nt ensi jon i ] : [ } lsasma
rogi on 4] oA BERE e (A P B A R 20000 & TR Ral's3S

ef f buent sulghtrategirocbssing tegidir Bt idhew slooperhafd 3581 dsmhC \E»itamfyp'aallguﬁetﬂie hetliei n.

[ 0049] _.The sub ate may he heated_ in an inert atposphere in a thernal
ons 1 ITEAEE (BFbEUEs ™ ShRGCH BP crmyPenan st YOt Rl Mol SERr S ch ray
cont ai RhAmp&SHnA shyReBAL $3%0 §L BB ladih %ﬁéh&ﬁlb&ﬁﬁaﬁh@&%{oﬁtﬁotcﬁﬁﬁgr ature.

During a plasma densification process, power supply 540 applies
el ect r idepositmmnerhesep phema shisiiet keaor BEEovagTdvitcndhpbettogn plasihe methe yubdtrate

conmponents 10 pict din F G,5A The pl.asna power .excites.th [L0Cess gas
xeor sy fefon i s hhd o o e e By SRR kol Shrs hdiaRE® ¢
shayper @@@éﬂraﬁi&o@@@ing REiSH BT, I AtpeasEldAR QiisedtcoReE RS tadlion SHoweieady 553 has
either a conducting surface or the surface may be insulating and covering a

net a: iaﬁelérmgl. alnR%e@ éﬁ?#@s@t‘?ﬁenrﬁbgl”?ﬂ]@ﬁ@ 5531?141@@ apdgstst of beftoss o ﬁé\ﬁb@?@id 553
. . : s SHOW .
| noer ¢ S B ple5 e MEtf PR Wbt SE b len o ERRRIB T bkl R L ©

respect to the support pedestal and lid 520. The lid 521 and support
pedest P04l e Ekesré_g]éﬁléf&ftr%%ld%@%}n%oép%\?rﬁ%t%lnb CE PG SIFAME APEIBR il
subst r %ﬁ@sﬁgt?%ggac@gi PR ek e s1RUh-cE @R oroBurRliAS BR:itell b IAMDBIca P! aST™

regi on 520. The stbstrate processing systemis control ?ed by a
sy 46 emndtorgen ir¢oarsor.] m ambeebmeonb,ahy si6ododimtEning prévarey st excitedoily bl Iter

i ncludes,.a hard disk drive, a flo di sk drive and 0 processor, The

br o es SoHct SR RETeE P las B AP O e A b SeypP ety Eihe TPl

I nput / Qdipktin BRBbEigacntsN iRk A&ah A AR ﬁaicanﬁtrg%&p@eéurm}tp%vi@&%é prddsmi@ar ds.
Various parts of CVD system conformto the Versa Mdul ar European (VME)

st andaregciftionto thefsilivey-dootudng prererserage, and connector di nensi ons and
types. The VME standard al so defines the bus structure as having a 16-bit
data byeo481d Ia cfbolirherddlehpis§inBuschadbiGflaskla rERRnS IS teR Bt @IQNAR dfBlGertOMter Ol S
all of the activities of the CVD machi ne. The system controll er executes
sy 2P emeesratedin & seatipn o thoguptrrt Brogessingpesion pptigprethiramgrdsgositomregiiput er -
r eadabl i r.ef I i I r i ive, .-t he

medi umv‘(;}rrleﬁgé3 %eé& gé Cblesogstrﬁ{axraﬁlgi%re%}st ?Og?éﬁﬁgﬂrtmﬂ{ryy.EQPﬁea!ﬁ?oI{r}r%%eglria}ger&gé?éi ¥ ?%%élbudes
set's ofsubdusita (@t aormicdnductdt ehftke ThHeextited plgsmae ucite aefal @agesmpatiahbes

pressure, chanber tenperature, RF power |evels, susceptor, 30 position, and
ot her %F%?é@%t 8?8@?9 éﬁ? PXEIRITY (S35 8681 A et betiip DtosFsSpied §¥IamE & tYsr ed on
ot her

described herein as "plasma-free" during the growth of the silicon-and-nitrogen-containing layer,

25  for example. "Plasma-free" does not necessarily mean the region is devoid of plasma. lonized
species and free electrons created within the plasma region do travel through pores (apertures) in
the partition (showerhead) but the carbon-free silicon-containing precursor is not substantially
excited by the plasma power applied to the plasma region. The borders of the plasma in the
chamber plasma region are hard to define and may encroach upon the substrate processing region

30  through the apertures in the showerhead. In the case of an inductively-coupled plasma, a small

amount of ionization may be effected within the substrate processing region directly.
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WO 2011/ 043933PCT/ US2010/ 050060 nenory devi ces including, for exanple, a

fl oppy disk or other another appropriate drive, may al so be used to

i nstruct wbeosyassm control |l er. [0052] A process for depoSiuszolg/os006é | m
stack on a substrate or a process for cleaning a chanber can be inpl enented
usi ng a conputer program product that is executed by the systemcontroller.
5 The conputer program code can be witten in any conventional conputer

r eadab |F@gg¢@gqfarﬁﬂpwgmeaﬁmgena gy begepaisiden tEs0bYrae BeREHsgIrazign agdouC,

C+, %ffiﬁllatlng% gllfa]%?l % %19&% I?e fo%ﬂn&afﬂ{ne A 08 ?ﬂo? 91%? sn?a h%@%].%trﬁlgchl %/g a

single a‘conventi onal® text e
st or ed intengtytioadadhitly than the mﬁﬂlhﬁl&ﬁ‘ plﬁSﬂlb regioe chrlarrbmswqham @givai yhas yaittern of
the conputer. If the entered code text is in a high |Ievel Ian%uage t he

code i SuEBgHha @entionod tharxcitedplpsaneffusnisidp gt ci@l% &@m @e pens afi AREBA Wi th an
objgctfﬁgdgsﬁngkﬁﬁpnplled M crosoft Wndows(r) library routines. To
execute the ‘conpi | ed object code the system user invokes the object

code, ing_the co ut e mto |oad the code in nmepory. The CPU then
Feads IR CBisaL EHE s de HH SRR R AR S f UispTqea P T O ST am
[ 0053] THR§chithey [f)@ﬁﬁ)pt?@d VEERR (RS WAEHmMb P BoRRRta Bk BVe Hedtivd AcRcht BlaiRanel
touch-sensitive 15 nonitor. I'n the preferred enbodi nent two nonitors are

used, dhesubsuate efdnpematum Dyiregre ploom denlsifichion proecsoprar RE powecamugpiytdOot her

b nd Bl 0o D% SELYT G2 LRRONLC! Blen TARLIRCIR KOS My,

i npot  Fictarel il BIG. FA, S"Elh@lﬂhsrﬁa Pedrl @I th poeedd g niixtifd to G8m b PRsMBEFiBEOT
t ouches a deS|gnated area of the touch-sensitive nonitor. The touched area

changedhd rosghly gl m@m&ww hetweaprshgwagsadrahansk the gubsiraisenppetadi bypied g,
confir @hggeﬁ%%ng% FALifRR, c#}n\ﬁ%gtrhg {gl?fagg &( %E %ﬁrf@c%qn&me lh?lﬂ ﬁlrdsdo%r\ﬁ? a

noni t or evi ces, SUC nouse OI nti

comunincadliingertd Rdgarilessay phaitiais etk meaal gatowds Qfovuefhead db3 lsmiedtl@caﬂllyesolated
t ouch- senS|t|ve monitor to all ow the user to nicate with the sgstenl

cont r olffoa thereyy o {- VA clipgher ﬁ@? & wle%gmsa%wﬁwaf Igy the ¥olfgsof %%f‘g gadt e
Wi tl? Ors 5%l § POYLriddayRr & 5%&& Meg aﬁol?gée%%}al h% Ssmpqrh% 1R1UR3 Lh A& be an

i nsul ator or a sem conduct or ety o oplng concentratl ns and

pr of i | esdasted areeajso élmmeadb/rqebﬂateb(-so a pdsmacan to ctaatedsu bslistrateeprodessihg ragygpe
used |§ bhe manuf act ur in 3@ d circuit "Silicon oxide" and

"si i cofO AHEOBLSFGEHL ?%?%1 astig e 0 nt er changeabl y herein and
may i ncl ude significant concentratlons of other elenental constituents such
as nit 1OYH, TFedubgeic pmmm saptamtif eontidkled ba agasteinrpoamoterx din e gxIuamt e

as used er el scribes st s mol ecul es
e noulBr oy ror i inset B, S AR st 4P A gas may
be28 CopddchRi] Uhe Plockver &fntalns a single-board computer (SBC), analog and digital
input/output boards, interface boards and stepper motor controller boards. Various parts of CVD
system conform to the Versa Modular European (VME) standard which defines board, card cage,

and connector dimensions and types. The VME standard also defines the bus structure as having

a 16-bit data bus and a 24-bit address bus.

25 [0051] The system controller controls all of the activities of the CVD machine. The system
controller executes system control software, which is a computer program stored in a computer-
readable medium. Preferably, the medium is a hard disk drive, but the medium may also be
other kinds of memory. The computer program includes sets of instructions that dictate the
timing, mixture of gases, chamber pressure, chamber temperature, RF power levels, susceptor

30  position, and other parameters of a particular process. Other computer programs stored on other
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WO 2011/ 043933PCT/ US2010/ 050060 nore gases. The termtrench is used

t hroughout with no inplication that the etched geonetry necessarily has a
| ar ge horwecntizl43®spect ratio. Viewed from above the supPfaasomwnsmehes may
appear circular, oval, polygonal, rectangular, or a variety of other
shapes. The term "precursor” is used to refer to any process gas which
takes part in a reaction to either renove or deposit 5 material froma

sur f acéneryy dehicessiactudingy for gaample &f Berpyt diskaerothranatice thrae it iive, sram

chenlc%so %ngg%%pganngﬁ%rggﬁgvﬁgnop&p a film Exenplary inert gases include

nobl e ases er gases so long as no chenlcal bonds are
f or med mhen (typlca ly) trace amounts are trapped in a film As used
her ei n,[080% orh BFarsPSs ToRGRIOSTBR @ IEM Pack Qj]e?’n%'rbétlr?t? o[ APFSEH fpagllé%m%g a Fagraher g

on a Ssybjac ﬁﬁf)l@mteﬁ'tgg 2@1@% _a%g te?@ otrgtl)eg'n gwdfu@tctﬁat i efecuted ltFé’ F}ts?e(fl? cSHirdiRE

| ayer an e sur ing re generally par A person
havbng Tthleatom@n‘ger phaghdm codd dwe barvtritidnl ih ang coxgvre:nnmeﬂ hampmmeredéqiﬂ@pmgmMgr i al

| i kel y cannot .be 100% and t hus eneraII for
b ept AOTRES ool Of Bl et dnet e 06 b Bisle UG Gl Oe e ud By

measur igaghrhAQo¥els Rt&dd @ £siaMERile, Qﬁ‘%ﬁﬁ‘ﬁl@ lﬁll@t Ldife @cé‘@enﬁ&&a@ terx@E&tcfraéﬂdo
(VERR) . ese nmeasurenments were nade by performng a timed etch in a

hydr of Istmwd or canchadlidslais adosyiuter usablamddival, sudhatsi amgembpiey S@St@m crfeth@computer If

nanonet er, s cond i cal,ly created.hb he e

oo otR SRS e RR s it KERTAR 1ot kol S 2haibig R s it Pomihs"
samg s Qbalé {sQRen 1»&11&@ rwmm ¢R ek EOré@neieh Mietdibft Mindpwb®d®sard r&ithey Ol uMe
ratio of 40% NHAF in water to 49% HF in water. This solution wll etch

t her malTioexgewashedinked ciompilied ebiget @ép tescivivigmersgr mvakesdheebiest code. cauvpmiicat
25C. Ot
sili congg{ | %?E)%k?ﬁqj§ o 03&/%80 ag?m %hl\l\bpo'ﬂ% C?P?Zl%e\gsljell ;a)sﬁ Ieggéut Stflf&wel’tgt es

gener alpesfoinmiieytagkladentitiied damdipaadremsi | i con oxi de f|In1has a lower density
t han thernally grown silicon oxide. In sone cases, a wet etch rate ratio

wil | Oﬁﬁd IR f%?f@@% ﬁeftgf% DO LSt on blllérQ:Tc’Ola%)(flaQ%alflél ltgﬁh(s%ﬁsﬂjyé ferent

port|ons t he sane and the context w make 't he stinction.
25ﬂ6056¢mﬁﬂm|hghdpsﬁén&ﬂnhﬁm@mamahwemhmdbmﬁne9$ﬁgbn@ﬁbhmbénrﬁmognnnmﬂnby

t hose of ill in he a at _vari ificati.ons,, alternative

bometr DA ine dprgtals aod ettt bEaht BE A i e RemHETT o e 8 ¢ he

spi rit pdnifoRemby Vgl taAbus HARiddyOMakinte irdorMHRER! inQfhivtetdse kABhcRE&GRSRBS: and

el ements have not been described in order to avoid unnecessarily obscuring
the pra@setime vewtaconparieder girgeyloy fundhenathe vperaios tatiches odesighote draact thve

t aken |n1t he 30i nv
2011/ 0 I REH DEB B oS0 S0 6087 CEre o R FolgB oL aLeT IR ded, i
i s20ndeest® Qchléﬁwede@ﬁllﬁrﬂnmg&romﬂmgatmIbéﬁweemhé &erator and the touch-sensitive

monitor. Other devices, such as a keyboard, mouse, or other pointing or communication device,

may be used instead of or in addition to the touch-sensitive monitor to allow the user to

communicate with the system controller.

[0054] As used herein "substrate” may be a support substrate with or without layers formed
25  thereon. The support substrate may be an insulator or a semiconductor of a variety of doping
concentrations and profiles and may, for example, be a semiconductor substrate of the type used
in the manufacture of integrated circuits. "Silicon oxide" and "silicon-and-oxygen-containing
layer" are used interchangeably herein and may include significant concentrations of other
elemental constituents such as nitrogen, hydrogen, carbon and the like. A gas in an "excited
30  state" as used herein describes a gas wherein at least some of the gas molecules are in

vibrationally-excited, dissociated and/or ionized states. A gas may be a combination of two or
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tenth of the unit of the lower limt unless the context clearly dictates

ot herwi se, between the upper and lower limts of that range is al so

speci fi cavbyodimse3ssed. Each smal |l er range between any $CRAUSAWAEWE0 OF
intervening value in a stated range and any other stated or intervening
value 5in that stated range is enconpassed. The upper and lower limts of

t hese smal |l er ranges may i ndependently be included or excluded in the
range, 2gid gaseeh Thetrge tidheh & wed Hupugheat wibmo amphention|thatithoseteltad gepmkiiried i n
the smal | er [ I e it hi i.nventkan, ' to any
speci 1 Tearry DR Eisk el EIREE QY M osh MR TR, e

i ncl udeppaneiroilahotdl, pdlytdial, lrédarighlarf @ngesicgxefl ditirsfapes t ey e “petirsaf’
those included |imts are also included. 10[0058] As used herein and in the
appenddyudd FECT toRBY 81§t 888 Vhignigkespart in greactigh ¢ eithsgremane qidlerityr al

refer e’?ﬁa”‘teﬂti'a[g IpRca bilfacEO &h?ﬁ%ﬁagé aaLk ﬁaﬁd ir&fefs.ttS%nﬁ?fﬁnge&/W'ﬁﬁ Qoes i Fornd &{egﬁt‘aﬁ”p' €

ref erence a process udes a“plurality of such processes an
r ef er efvoedd whéit ineogpomtadristrd’ filnm cExhes aryahex gmee itfctudomeblergasesrbat prag ¢l sder

and equival ents thereof known to those skilled in t art, and so forth.
15[ 0058f"ALEYS 59 I Flﬂscl'g%‘k?ﬁbl?‘?@é are ﬁ_%eaﬁéw}*%ﬁ ﬁapwal_rﬁ féFagaounts m&fa@a?cﬂg, !
and "i nghygias AsMISDhateRda contbha 15R8 dEisGath iceRer@lFudifbriNgy dr I8 og hai s
are intended to specify the presence of stated features, 1ntegers,
conponentisge inrthssaapsshaprias thhewyfate, inotthp swtdca dé theHeyqured drecarfoce baa t i on of

oni90, (TS AR o RSSO ORISR PSR O gl R

pr oces slepdhidd slakdriz Nkl dadhoy 8 NOGRToAfoRinAGardai e the erd 'CeRabil LT sFobst r at e
having a narrow trench and a recessed open area, the nmethod conprising:

3f or m rgeetabilq fobwsdncand- oxygen- contai ning | ayer on the patterned substrate
including in the 4 narrow trench and in the recessed open area;

5pl ananf0@3sng Désitis hhcobecaraalaxiyd@erctobit aiciiunigg layest dichandten@VER N@tdr ow
gapfillaﬁortion in 6 the narrow trench and a wide gapfill portion in the

p
r ecess &@ICBI3EAS AMEACICRYF &3P QY BREY - Zhoig Maeirompnts a6H: BAMR BXDYERTE™AT ai ni ng
| ays’ GHY et arlﬁﬂ%/ﬂda)gicaacﬂq;agéd)%lﬁfont aﬁ‘ﬁ cﬁlc'ulaﬁﬁg TMG%Y&ﬁ%hnometers per

second. A WERR is typically created by comparing the etch rate of a dielectric sample with that
of a thermal silicon oxide in the same solution. A common buffered oxide etch solution includes
a 6:1 volume ratio of 40% NH4F in water to 49% HF in water. This solution will etch thermally
grown silicon oxide at approximately 2 nanometres per second at 25°C. Other methods of

20  forming silicon oxide will typically result in silicon oxide films having faster wet etch rates.
Faster wet etch rates generally imply that the candidate silicon oxide film has a lower density
than thermally grown silicon oxide. In some cases, a wet etch rate ratio will be used to compare
two non-thermal silicon oxide films (or different portions of the same film) and the context will

make the distinction.

25 [0056] Having described several embodiments, it will be recognized by those of skill in the art
that various modifications, alternative constructions, and equivalents may be used without
departing from the spirit of the invention. Additionally, a number of well-known processes and
elements have not been described in order to avoid unnecessarily obscuring the present
invention. Accordingly, the above description should not be taken as limiting the scope of the

30 invention.
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8cont ai ning | ayer above the narrow trench and exposing a post-planarization
dielectric interface 9di sposed closer to the narrow trench than a
corresporiDrglipae3pl anari zation dielectric interface; l@Cans$2@os@ati ng the
substrate, after the planarizing operation, to increase a density of the
narrow 12gapfill portion, wherein the post-planarization dielectric
interface dlggpsed closer to the narrow 13trench allows the narrom/gaa

fill
por t i o081 beWbeis adensee! ahien ihprgvidad 1§l§b@ﬂ¢fé®@db1@éﬁathlé@f@@mg4@é#%t@ ?Ihe
pl anar ' gﬂtﬁ'gf %B%rnﬁt 'f 9%: low%f ]Ir'ﬂﬁ u'ﬁ?eispﬁl% c%Ilteg é’} @gf %'tl{%rwﬁé,rgeﬁgee&nﬁe
ng & plasima

silicon-an onta

pr ecur spper aﬁftido‘ﬁetflﬁﬁibst @fthhtaﬁﬁ@ 6 ago @pedlﬁcam@rdrf@cmse@ MBactf dnalientasge Beorbh ni ng
the plasnma effluents with a f]ow of a silicon- contalnlg%4 precursor in

5subst rREY stafsdo@BEOr Ayfervang v alugne A sfatediaRec angviny othen statsd or dYRVEBRE é(?]r‘i‘ie ng

pr eg ur g 'Ehalf' &5tcdn égq§&1c%n§?§§ée&e qu é}é}?er Rha@$dWor 1A ofGiksk nglaflé}qran%ms Were to

si | i con-and- nitrogdgen-contal ni ng in an ozone containing at
8converitdephedendy be inalided @r skéludinn andraoxy ged eatintagawhge kayer neithdr Eﬁﬂmth

net hod ,of. cl ai erein he open ea is a w,de trench haV|n a 2 width
O eat et THGC BuId TEB S IgE B > S66 CHATRoB I HIGh TR aap. ocet o '

specifically excluded limit in the stated range. Where the stated range includes one or both of

the limits, ranges excluding either or both of those included limits are also included.

10 [0058] Asused herein and in the appended claims, the singular forms "a", "an", and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to "a process" includes a plurality of such processes and reference to "the precursor”
includes reference to one or more precursor and equivalents thereof known to those skilled in the

art, and so forth.

15 [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, components, steps, acts, or groups.
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14. The nmethod of claim 1l wherein the narrow trench has a width [ ess than 2
one of 100 nm 70 nm 50 nm 35 nm 25 nmor 20 nm WO

2011/ 0439806RCTI/0488010/ 050060 15. The nmet hod of claim 1 wrerAiSaoiosooet ch r at e
of the wide gapfill portion, 2after treating the substrate to increase a
density, is within one of 20% 15% 10% 7% 5% or 3% 3of the etch rate of

the narrow gapfill portion. 16. The nethod of claim 1 wherein the operation
of treéﬂﬁﬁ@gEHELéﬂﬂEIlﬁie to 2 increase a density conprises exposing the
substrate to a plasma in an atnosphere conprising an 3inert gas. 17.The

met EOd of claim g.merﬁeh@thtoﬁg)fﬁ% a{rghw{-& %x;@%ﬂ%hﬁ&?nggl’éﬁ%{r%baggg- The

nmet hod of claim 7 whereirnt sp urt her “conpri ses .

49. The paetrnod suifstrete dianing awlaabei trenchendp escatscdopaf arks,aehd methotl ltemptibiapr ate to

5i n¢crease a density.conpri ses anneal.i.ng the sybstrate, ahove ar about 400C
J ifi d§

y
500€, 600C, B7UBEASHICBYRIPXEFDAMANEE s PR {iegrtipied suftstraly ipelpding i the
pprgioqmng%QK%BEaﬂ@ﬁhﬁgr&%$ﬁa@bai&e&herein t he operation of planarizing the

silicon-
5 planarizing the silicon-and-oxygen-containing layer leaving a narrow gapfill portion in

6  the narrow trench and a wide gapfill portion in the recessed open area, wherein planarizing the
7  silicon-and-oxygen-containing layer comprises removing a portion of the silicon-and-oxygen-
8  containing layer above the narrow trench and exposing a post-planarization dielectric interface
9  disposed closer to the narrow trench than a corresponding pre-planarization dielectric interface;
10 and
11 treating the substrate, after the planarizing operation, to increase a density of the narrow
12 gapfill portion, wherein the post-planarization dielectric interface disposed closer to the narrow
13 trench allows the narrow gapfill portion to become denser than had the substrate been treated

14 before the planarizing operation.

1 2. The method of claim 1 wherein forming the silicon-and-oxygen-
containing layer comprises:
flowing a plasma precursor into a remote plasma region to form plasma effluents;
combining the plasma effluents with a flow of a silicon-containing precursor in a
substrate processing region, wherein the flow of the silicon-containing precursor has not been
excited by a plasma; and

curing the silicon-and-nitrogen-containing layer in an ozone containing atmosphere to

o0 ~1 N i B WD

convert the layer into a silicon-and-oxygen-containing layer.

—_—

3. The method of claim 1 wherein the open area is a wide trench having a

2 width greater than one of 50 nm, 100 nm, 200 nm, 500 nm or 1000 nm.

1 4, The method of claim 1 wherein the narrow trench has a width less than

2 one¢ of 100 nm, 70 nm, 50 nm, 35 nm, 25 nm or 20 nm.
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2and- oxygen-cont ai ning | ayer conprises chem cal -nechani cally polishing the
substrate. 111. The nethod of claim 1l wherein the operation of planarizing
t he sili cwn-20D2836xygen-cont ai ni ng | ayer conpri ses per POTMSRAE0&50060

pl anarizing etch on the substrate. 312. The nethod of claim 1 wherein the
operation of treating the substrate to 4increase a density also results in
an increase in density of the wide gapfill portion. 113. The nethod of claim
1 wherein the operation of treating the substrate to 2increase_a density
conpri ses sequent al | yhexpakedef dlaign kwbsicipthe cteh rate of thormidg gapiilhpertion,

anneal i : . cl al 0 21 ot j on
LR N U T SIS T M e R e
anngal iofighet dieh subsithahar@ndajpfiileporésposi ng t he substrate 3to a pl asma.

115. The method of claim 1 further conprising annealing the silicon-and- 2

oxygen-containing | a in . an, o en-cont ai ni ng at.nosphere at a,substrate

embor at ure ar eatter VR SAANNSISTICT PUSSUS PUBODB00 B HARE e B B0l

2 Pg g,er 1RG0k RRAG RefRises BIRNAL I NYstNet5d HlaGAR irANTatRBY SRR SARtRiY 40
yer.

inert gas.
1 7. The method of claim 6 wherein the atmosphere further comprises oxygen.
2 8. The method of claim 7 wherein the atmosphere further comprises
3 hydrogen.
4 9. The method of claim 1 wherein the operation of treating the substrate to

5 increase a density comprises annealing the substrate above or about 400°C, 500°C, 600°C,

6  700°C or 800°C increase the density of the narrow gapfill portion.

1 10.  The method of claim 1 wherein the operation of planarizing the silicon-

2 and-oxygen-containing layer comprises chemical-mechanically polishing the substrate.

1 11.  The method of claim 1 wherein the operation of planarizing the silicon-

2 and-oxygen-containing layer comprises performing a planarizing etch on the substrate.

3 12.  The method of claim 1 wherein the operation of treating the substrate to

4 increase a density also results in an increase in density of the wide gapfill portion.

1 13.  The method of claim 1 wherein the operation of treating the substrate to
2 increase a density comprises sequentially exposing the substrate to a plasma and then annealing

3  the substrate.

1 14.  The method of claim 1 wherein the operation of treating the substrate to
2 increase a density comprises sequentially annealing the substrate and then exposing the substrate

3 toaplasma.

1 15.  The method of claim 1 further comprising annealing the silicon-and-

2 oxygen-containing layer in an oxygen-containing atmosphere at a substrate temperature greater
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116. The nmethod of claim 1l wherein the silicon-and-oxygen-containing |ayer
2consi sts essentially of silicon and oxygen after the operation of treating
t he sili cwo-2andussggen- 3contai ning |ayer. 117. The met hedTafS2elasewsd
wherein the silicon-and-oxygen-containing |layer 2 conprises at |east one of
Spi n-On-d ass (SOG, Pl asma-Enhanced CVD (PECVD) silicon oxide, 3 Flowable
CVD (FCVD) silicon oxide, Sub-Atnospheric CVD ( SACVD?' silicon oxide, TECS-
4 o032 onéha ariccd 083G, 90° G EOR 6 2o KL (Prfeic Iplaneriziog ithfesilicoiduderkySpncorpi@ing ass
(USQS) ew}%rBor on- 5Phosphate Silicate d ass (BPSG).

1 16.  The method of claim 1 wherein the silicon-and-oxygen-containing layer
2 consists essentially of silicon and oxygen after the operation of treating the silicon-and-oxygen-

3 containing layer.

17.  The method of claim 1 wherein the silicon-and-oxygen-containing layer
comprises at least one of Spin-On-Glass (SOG), Plasma-Enhanced CVD (PECVD) silicon oxide,
Flowable CVD (FCVD) silicon oxide, Sub-Atmospheric CVD (SACVD) silicon oxide, TEOS-
ozone silicon oxide, TEOS-o0zone-H2O silicon oxide, Undoped Silicate Glass (USG) and Boron-
Phosphate Silicate Glass (BPSG).

[ S S R
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