DEPOSITION METHODS FOR RELEASING STRESS BUILDUP FIELD OF THE INVENTION [0001]
The invention relates to methods for semiconductor manufacturing. More Sparticularly, the invention
relates to gapIPMEMHIEE for reducing bending effect of semiconductor stru®GFSSBROKBROUND OF
THE INVENTION [0002] One of the persistent challenges faced in the development of semiconductor
technology is the desire to increase the density of circuit elements and interconnections on

10substrate DAROUS THTEINMYES PEHOII SN BISILEASEN (v RESSBY Ih:EHons are

typically prevented by providing gaps or trenches that are filled with electrically insulation material to
isolate the elements both physically and electrically. As circuit densities increase, however, the widths

of these gaps decrease, increase thgifaspastratigs RpdrNakis it progressively more difficult to fill the
gaps without leaving voids. The formation 150f voids when the gap is not filled completely is

undesird®9Hecdise el e apthfidcfapsration Gicles BempbrstatitevMersuch as by trapping
impyrrities within ihepstiatiapdmatgral, (99931 GRMBRTIERIRIGUe Al A &g n such gapfil

applications are chemical-vapor deposition ("CVD") techniques. Conventional thermal CVD processes
supply reaRipeadEsesSIUUSS: substrate surface where heat-induced chemical reactions take place to
produce a desired Film. Plasma-enhanced CVD ("PECVD") techniques promote excitation and/or

dissociation of the reactant gas&ﬂ@&@@bﬁ@%ﬁﬁfaﬂﬁlﬁé@l_@%y ("RF") energy to a reaction
zone negioilif subsLraie s £?ﬁ§u¢m§f§£%8%§§¥£&@iﬂ'mvéﬁ%&ﬁ&*ﬂ Spachy R, alths species in the

plasma reduces the energy required for a Chemical reaction to take place, and 25 thus lowers the

temperdtgimedeiirsdifodetichi C VD gasscisseensihepl comviphedangitts eohieistionactism8nCVD
Progessgss IR ARANIALETILRY Ba.tuiRan explaiiad iy gRdROSIDRIRSMAGHBE:: YD

techniques, in which a dense plasma is formed at low vacuum pressures so that the plasma species
are eveAmbiEIEHCHRY W& ety s tlsctap tauHitnclss fans Beoaded wrideelaeaigatbtella of "CVD

techniaygsyi,shldhermd s sapdieislin SonpRsIlEs iarmale demymae fdges sutable for
certain specific applications. WO 2010/011476PCT/I1S2009/049300

densities increase, however, the widths of these gaps decrease, increase their aspect ratios and

making it progressively more difficult to fill the gaps without leaving voids. The formation
15  of voids when the gap is not filled completely is undesirable because they may adversely

affect operation of the completed device, such as by trapping impurities within the insulation

material.

[0003] Common techniques that are used in such gapfill applications are chemical-vapor
deposition ("CVD") techniques. Conventional thermal CVD processes supply reactive gases

20  to the substrate surface where heat-induced chemical reactions take place to produce a
desired film. Plasma-enhanced CVD ("PECVD") techniques promote excitation and/or
dissociation of the reactant gases by the application of radio-frequency ("RF") energy to a
reaction zone near the substrate surface, thereby creating a plasma. The high reactivity of the
species in the plasma reduces the energy required for a chemical reaction to take place, and

25  thus lowers the temperature required for such CVD processes when compared with
conventional thermal CVD processes. These advantages may be further exploited by high-
density-plasma ("HDP") CVD techniques, in which a dense plasma is formed at low vacuum
pressures so that the plasma species are even more reactive. While each of these techniques
falls broadly under the umbrella of "CVD techniques," each of them has characteristic

30  properties that make them more or less suitable for certain specific applications.



[0004] In some instances where gaps have a large aspect ratio and narrow width, gaps have been
filled with thermal CVD techniques using a "dep/etch/dep" process by sequentially depositing material,

etching som®Q2XHAEK 7and depositing additional material. The etching ste BGESSES(YeHIER the
partially filled gap, opening it so that more material can be deposited 5 before it closes up and leaves

an interiqpgaR; SurRAGP(RIENdENMQEessRTAAYE BlsR Q%‘fé&t%ﬁg WithRESY Bileehpigugs,but some

thermal and PECVD techniques are still unable to fill gaps having very large aspect ratios even by
cycling deprisiiidedaniihelitimal S0 [FODORNESTEE B/ P isFeRESBe PIRSFES AL S IBERLERBIWN to
improve gapfiltin HRRGMD-RIAGESSEs: Qriginally theRpplisationef deR(eEdsD RIRCERIRTI0

HDP-CVD was 10considered counterintuitive because, unlike PECVD processes, the high density of
ionic spetie datsHe siewpRtbenagiHDHLtNZaroaEBE HifeABYt sarrsaBatsar tabeefamestied) of a film
whils; it is, pRiRg; eReSItRH RIS SIUIIRREASS: SRPtesiRY aldaanasiion afatelal dusinga deposition
process tends to keep the gap open during deposition, and was therefore believed to render a

separate Uptermés RS dterrrdsieis sUps Miupe srersialons] KinYehtrshaigugsrise s6iiHaabiedapfill
die'ect”Cﬁna%%L%Qig RR ﬁrge%ﬁ@&%ﬁ&fé}éﬁ%Wgcﬁn'%'@d@s}{%f'ﬁaﬁ%fa%ﬁm heeliger layer is a

(]
stress layer. 1t'is found that if the dimensions of lineS ot shallow trench isolation (STE structures keep

lo
shrinking ine Lthe. || r { : 1 djacent lines
of STI strttggﬁsris.% /ég%g)ggp(??q ggl%ﬁﬁ%ﬁ%e%ﬁéé%a%%@i@ g‘ﬁf}%@&%&d p%%%%ggggqnot

20provideradsagstil rﬁaﬁgﬁaﬂwnhmaﬂ):éigapm@f @Y&tiﬁﬁdﬂﬂﬂ@rm@ﬁﬁ@o&f@c&-%@f@und even worse if
the fes 95&%3?@&‘85%‘?&9@@%%%BQ%J%'&@@PEH‘O ARULLO 'ﬁ%fb@ef’fﬁfgjotﬂﬁﬁ‘fgs more

densely packed devices continues, it will be desirable to find new methods of depositing dielectric
materialsspa@gahenghpsleratacdinr aeddMhedAikpiveisiterdzagidy empsestherios. ZEBRIBAGUIAMMARY OF

THE 'NVﬁM&%J?QQ&E@B%SAE‘?@HFSﬂBEhﬁ&H}{%%BHs%‘?GRE}iF% @}ﬁf'a%gésﬁ%ﬁeéﬁﬁ?&ﬁl stress of a

liner layer formed over a feature of a semiconductor structure. The stress release of the liner layer can
desirablyddige deedserdimgostieceatiine sefniteefaamapethdningydeeositinn stiekingsoheieftires. By

fedUCing69&&@@@@&@@?%&5@%ﬂ%rﬁ%&@'kmﬁgi?@% #lesitably 30filled within gaps of the

feature. [0008] One embodiment of the invention provides a deposition method for releasing a stress
builfyip of R dgAtUEeAYER ARG CORHEIRN THE SRR RS REHG MAUPTIRL H 0S¢ o
semiconductor substrate, a liner layer is formed. The liner layer is a stress layer. It is found
that if the dimensions of lines of shallow trench isolation (STI) structures keep shrinking, the
liner layer may bend the lines of STI structures to seal a gap between two adjacent lines of
STI structures. If the gaps of STI structures are sealed, the dep/etch/dep processes cannot
20  provide a gapfill material within the gaps for isolation. The bending effect can be found even
worse if the lines of STI structures have a aspect ratio higher than about 10:1. As the trend
towards more densely packed devices continues, it will be desirable to find new methods of
depositing dielectric materials into the gaps that can accommodate their increasing aspect

ratios.

25 BRIEF SUMMARY OF THE INVENTION
[0007] Embodiments of the invention pertain to methods for releasing a stress of a liner
layer formed over a feature of a semiconductor structure. The stress release of the liner layer
can desirably reduce the bending effect of lines of the feature that may result in sticking of
the lines. By reducing the bending effect of the lines, a gapfill material can be desirably

30 filled within gaps of the feature.

[0008] One embodiment of the invention provides a deposition method for releasing a

stress buildup of a feature over a semiconductor substrate with dielectric material. The



WO 2010/011476PCT/US2009/049300 feature includes lines separated by a gap. The method

includes forming a liner layer over he feature on the semiconductor substrate in a chamber. A stress of
the liner lay®¥@QY0thE$&ature is released to substantially reduce bending H¢HEURRY BB feature. A
dielectric film is deposited over the stress-released liner layer to substantially fill the gap of the feature.

SBRIEF RESCRIPTION RF THE-REAYINGS [PROHMbirther vedessianding of thehateaad

advantages of the invention may be realized by reference to the remaining portions of the specification
and the deawingn Wissenmidiedrstersubaiiimiamhardeced HHissghdet tHESRYEFVEFdMangs to refer to

similar cempEDents: N SPMSIPSANERR AR aRehinASPARIAIRS Witha feference Aumerr! And

10follows a hyphen to denote one of multiple similar components. When reference is made to a
referencés Wantsitadiines thespeesficatrased e ekiventy subsieialibidilhtbndgen 96 Hsréray &N such
multiple similar components. [0010] FIG. | is a flowchart illustrating an exemplary deposition method
according to the invention; 15[BBIEF F}ES CRIRT tome @k iddrdaRA¥ERYAEl view showing a bending

phenomepaof &, SN WINGH [9IRRSIRg, B, ash oL AJREIAYR ABARA FIE ris a simpified
cross-settional view of an exemplary ST1 structure with a stress-release step according to an
embodimexizsiithg infeeationto th4Gema] NG porima Sirthplifiedibraswsent chalviennegs smeagemplary

CVD sysiem 2Racters g in sbedmenia At e verion AN J003ALFIG 4 ng Smpifc

diagram of a system monitor/controller component of a substrate processing system according to
embodintentgwietite. inventionNnDETAL EDIDESCR IBTIONOD W IHHE (lpyEREnoNedas] The invention

relzﬁ?s t?&ﬁ%&?ﬁ’ﬁ;gﬁ% [8'891%{%%@@ m%@gii%ﬂ\ﬂ%ﬁlponents. When reference is made to a

reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.

[0010] FIG. 1 is a flowchart illustrating an exemplary deposition method according to the

invention;

15 [0011] FIG. 2 is a schematic cross-sectional view showing a bending phenomenon of a STI

structure without releasing a stress of a liner layer;

[0012] FIG. 3 is a simplified cross-sectional view of an exemplary STI structure with a

stress-release step according to an embodiment of the invention;

[0013] FIG. 4A is a simplified cross-sectional view of an exemplary CVD system

20 accordingly to embodiments of the invention; and

[0014] FIG. 4B is a simplified diagram of a system monitor/controller component of a

substrate processing system according to embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] The invention relates to methods for semiconductor manufacturing. More
25  particularly, the invention relates to gapfill methods for reducing bending effect of
semiconductor structures. The method may include forming a liner layer over a feature over
a semiconductor structure. Prior to filling a gapfill material in gaps of the feature, the method
releases a stress of the liner layer formed over the feature. The feature can include lines with
a width of about 40 nm or less and/or have an aspect ratio of about 10 or more. The stress

30 release of the liner layer can desirably reduce the bending effect of lines of the feature that



25particularly, the invention relates to gapfill methods for reducing bending effect of semiconductor
structures. The method may include forming a liner layer over a feature over a semiconductor
structure. PN 881t Z0 gapfill material in gaps of the feature, the method FEEHSBWY EWEYS of the
liner layer formed over the feature. The feature can include lines with a width of about 40 nm or less

andlor haye A e RRELIRUG phaeMI0 95 melk. Roeligse Al eiase ahihpdinchiayssean desirably
reduce the bending effect of lines of the feature that WO 20107011476PCT/US20097049300 may stick

the lines bfafisEFbeaniee diprabliciiiechwibendineg effées Bfatieclines, the gapfill material can be desirably
filled within gaps of the feature. [0016] FIG. | is a flowchart illustrating a deposition method according
to an embiifent&ftHe sra/Batichatni FSraingetierebdi00rmohibled stepding foruepdsitingeatliner layer
over a 5f re semi or substrate.. The feature for example, a shallow trench
isolation %g%e é%é?ttd%r% e}% p ural(i:tfy rgfeglaoté ﬁé?eén aup %Sré‘lﬁ&/) gﬁgggn%ﬁlﬁ?\%ﬁl? egslﬁg?ro?twgf gg%i%onductor
struciure féxourexemaplenihenfbaturssiicluaes Thedseparatedbyar gapninemibodinventndsing STI
structure, h ive regions separated by a trench, The liner layer can be..for example,
an oxide Li?/%ﬁgf m%‘eﬁglyae%éna 8%{%%& %}t/a%rﬁ ngthaeIﬁl?é?@%I?\%r%%éléffr\{g?}{g?sth%r I?r%}éerrlayer can be
made frossrnetenéiid:ativotsitcdter(TEOS)e, The atrtayehcin beesybstaritidby eagpriiral over the
feature o | - I In one empodi t, the liner | n rmed.py a high
aspect ra%f‘&%%%&%%%ﬁ%%@yﬁ% ﬁ?ﬁ%ﬁ %ﬁ}&%ﬁ %ynsfg(eé?nas{(})\r/eogt " 8% é%é‘g\ﬁa%gg c{% B?J@'itiflr%lle(CVD)
system. lhrendalier embeodinenartipdelinarosier apar, benfordreld ya, thie Feptuitedyy | fygrexahepiéca rapid

thergial 19010685910 YRGS AImosRhere [OOH LR SxamRlE e fpatyus opgube a ST!

structure Including trenches to pro ide 1solation between active regions of a semiconductor structure.
The liner liayetdyaviery eenbiestadls caddimdepesithe fovaned 8FisstructoreicThiswistesscdn be

betuween koLt BOMER 2T hevt 300 MPAAng Ak benddines.of e ST suciirgple depositon of

the liner 20 layer can include the of a HARP which may include using an 03/TEOS based
subatmospkiert shemitBRasEndapeshiarcisACU Dprodesesitholugly Mevesiesholwiagoshtiner layer is

deposited AYSEE FEMICARASIAT SURSate, e SeaReiolihe bveion spnotmier beyt. Multle

liner layers can be formed over the substrate. [0018] In FIG. 1, method 100 can include step 120 for
relebsingPifsast es s opeelipnitds ABwsehaRe feature of the semiconductor substrate. In one

embodiment, step 120 for releasing the stress of the liner layer can include idling the liner layer over
the substr®@d7h tHeor example, the feature can be a STI structure including trenches to provide

1solation between active regions of a semiconductor structure. The liner layer having a
tensile stress can be deposited over the STI structure. The stress can be between about 50
MPa and about 500 MPa and may bend lines of the STI structure. The deposition of the liner
20  layer can include the use of a HARP which may include using an O3/TEOS based sub-
atmospheric chemical vapor deposition (SACVD) process. Though merely showing a liner
layer is deposited over the semiconductor substrate, the scope of the invention is not limited

thereto. Multiple liner layers can be formed over the substrate.

[0018] In FIG. I, method 100 can include step 120 for releasing the stress of the liner layer

25  over the feature of the semiconductor substrate. In one embodiment, step 120 for releasing
the stress of the liner layer can include idling the liner layer over the substrate in the
deposition chamber. That is, the liner layer deposition process (step 110) and the stress-
release process (step 120) can be performed in the same deposition chamber. The deposition
chamber can have a chamber temperature, for example, between about 450°C and about

30  550°C. In another embodiment, the stress-release process (step 120), which idles the liner
layer can be performed in an apparatus or equipment different from the deposition chamber

for step 110. In still another embodiment, step 120 can include annealing the liner layer with



deposition chamber. That is, the liner layer deposition process (step 110) and the stress-release
process (step 120) can be performed in the same deposition chamber. The deposition chamber can
have a charMSRetMpt Hture, for example, between about 450C and aboutP$GBE8094936kher
embodiment, the stress-release process (step 120), which idles the liner layer can be performed in an

apparatug geRuiRmenbaifemntliosnihedrpasiton ehambeiotPrstepalidératilRRAIRAling

embodiment, step 120 can include annealing the liner layer with WO
2010/011% 6P ERT 0L EEHBRATS ST AsRITHWIHIRE PSHRAHOh{RE RIUIFAtEIE HIPRUAYS-aBBEt 1,000C for

a predete/fings aprralingatine; fthe.annaalinentme daeasesprtmthednsreasari/the depealing
temperature. The annealing process can be, for example, a thermal process, a plasma treatment,

and/or otREYEPS RS HIASHARIR SIS RS 1108 b s iRBF MyeH 1apRE IifehasyePesh be

exposed (§ 4@ %@gmph%émét&qW@%@Hr%%gmwgsﬁu/@kia@ﬁ/gasinerﬁ@aﬁo@nﬁefgkri ingeyeskill in
the art, based on the embodiments of the invention, can modify the annealing time and annealing

process Ha8&isbAR (EfcsisbeAEnsREsei SheHBRRyER edidy Hrerifddhe e rasd 85 lkss (step

120) for ég}g@@'gg)tg@si@g@%@gm@tﬂ@%&@%f alcleast pRedielectric film is deposited over the liner
layer and substantially fills a gap of the 10feature (step 130). The dielectric film can be, for example, a

gapiil maigyi) o Aewiable dielestie.najRialinaisanbeidesialyled e ganalhasaure. The

gapfill dielectric material can be, for example, oxide, nitride, oxynitride, or the like that is Iéss solid than
the liner IBy/spBcrstdisiigaisHtaninydsrasiied. ares hp duiehdate! the giistrdidioydidle meapalthsay be a
silican oxjda e dislesyiciaemedeiom e @ﬁ%@%%%}fﬁa-g%ﬁm BRI SYIGRA drigontaining

precursors. For example, an oxide dielectric may be formed from the reaction of remotely generated
radical atiPIReBI/FBEE(1% IS HLDe SastaRtNifiliRs prdba s afke drrbH anbisifapH b FaeiGREE (i.e., the

silicon-coptainiRo-RrasUisRIx Adeitionakdeiaiziansk xrmples efdmatbads rfidapesiting.garéll dielectric
compositions may be found in co-assigned U.S. patent application Ser. No. 11/549,930, filed Oct. 16,

2006, andi#tldayss PHOR prTAEIRRTE BIengss) UA erve dife e e igapfilhis lentris| metesnl B1ayXIDE

FOR ST"b!eJ§€tﬁt%rpc&i@éﬁi&%ﬁé)&é&@%&éﬂ%&ﬁ%%&&%@%%ﬁf&ﬁihﬁ@&@ﬁmgﬁ
PLASMA ENHANCED DEPOSITION PROCESSES"; and U.S. patent application Ser. No. 11/754,440,

filed May PO 306, MAc RIS "EHEMRRE. YAPEHE BiElees IeNPe FPrmesH oD A THEIBW-LIKE
SILICONBHXIDEHSING AR Bl RENGEN TAINING RRBECLIRREAR AN AT Mt XYGEN" of

which the entire ) . o o )
organo-silicon precursor (i.e., the silicon-containing precursor). Additional details and

examples of methods of depositing gapfill dielectric compositions may be found in co-
assigned U.S. patent application Ser. No. 11/549,930, filed Oct. 16, 2006, and titled

20 "FORMATION OF HIGH QUALITY DIELECTRIC FILMS OF SILICON DIOXIDE FOR
STIL: USAGE OF DIFFERENT SILOXANE-BASED PRECURSORS FOR HARP lI--
REMOTE PLASMA ENHANCED DEPOSITION PROCESSES"; and U.S. patent
application Ser. No. 11/754,440, filed May 29, 2007, and titled "CHEMICAL VAPOR
DEPOSITION OF HIGH QUALITY FLOW-LIKE SILICON DIOXIDE USING A

25  SILICON CONTAINING PRECURSOR AND ATOMIC OXYGEN" of which the entire

contents of both applications are herein incorporated by reference for all purposes.

[0020] In embodiments, multiple gapfill materials are formed to substantially fill the gaps
of the semiconductor substrate. For example, a dep/etch/dep process can be provided for
filling the gap of the feature. The dep/etch/dep process can be repeated more than one times
30  to substantially fill the gaps of the semiconductor substrate. One of ordinary skill in the art
can modify the exemplary embodiments of the application by adding annealing and/or other

processes to fill the gaps of the semiconductor substrate.



contents of both applications are herein incorporated by reference for all purposes. [0020] In
embodiments, multiple gapfill materials are formed to substantially fill the gaps of the semiconductor
substrate. FYOS3MYIE7A dep/etch/dep process can be provided for filling tRETYHP289M9&RE8ture. The
dep/etch/dep process can be repeated more than one times 30 to substantially fill the gaps of the

semiconqygiqn suRstraienimerofetdinany sidiliv theiad sandnadity shepexemplanyoembosiments of the
application by adding annealing and/or other processes to fill the gaps of the semiconductor substrate.

WO 201CGRPEENTASIPCETAISB00P0 s o iRl s Qs gefhesBE trerdarsFehshaig Aline width of

about 40y, or. less; andt @@&%%ﬁd%?&%é’&ﬁiﬂaf-Qi@&v%@iﬂ%‘*a%ﬂ@i@{%&%?ﬂ@n%ﬂ@ﬁ?a gfithe liner
layer as shown in FIG. 2. FIG. 2 is a schematic cross-sectional view showing a bending phenomenon

of a ST1 Yinfctire RifRrsisaesed 8y pytEesteba bra fnet1albs brRdipe AR etrset YUSEd R the stress

5of the "'8;%rtﬂé}{ﬁ{emﬁyéi‘Qﬁz@?n%@'B@‘é%ﬁfomeiﬁéﬁ%b%ﬁ%%tbﬁﬂgﬁ%& lessthamateut 10. The bending
effect may also not be serious if the width of the lines is larger than about 40 nm. [0022] In FIG. 2, a

liner layePPMing ¢fésrd SnaydrRral 8T petiRititeho0n Hher dBaitsa dtcE tivdtrate 38 \oher layer 210
can have a stress between about 50 MPa and about 500 MPa, for example. Without substantially

releasingl 892 Zkre &s BiGindradiper nor thd) strdepostifidere0tay b ST RER HEhaveicstimerad S r -
structure 29 hRSAHe SiAIORS. 116 Siress oLIngL g t24P ey avaisemlepd soling of ST

structure 205, such that the liries are stuck to each other. Due to the bending effect, a subsequent

gapfill didrictiiempigeriiithont sabstuttisdl finelgar radhgayrevtaciretaysfutlOlfis RS dingéture 205.

Acqgydingly. VoidsaRIdSERMRATSr OTNadWiihin gy | fiTunHY 6ikARoASI0RZ3lAS SesRIhgf Above in
conjunction with FIG. 1, the stress-release process (steé)@éZO) can desirably release the stress of the
m@%éﬁw@té

liner laye? 5dBaradimsesthntig thediees feOphitteAlliRg Hngasmn didleétrkathaterial.

F'G- 3 is G Flﬁﬂ@%%%3%%%{?8%8{?8%%%%@%@ §&E§if&%&ﬁﬁﬁﬁeﬁﬂ5‘€a§tﬁ%%%§e of the
liner layer according to an embodiment of the invention. In FIG. 3, a liner layer 310 disposed over a

STI structti@Berp AesVesbike sicsriraof StrhetiteBoF0R ity Geptading \Rids pgkorsramhare

stress-release Pivesssseiend2Q-shown in FIG. 1) is applied to liner layer 310. The stress-release
process can desirably release the stress of liner layer 310, such that the lines of STI structure 305 are

not substgyially bended and{an stkck 19 fACRAINSHRY G StreRsalinerlaxer3dQ.Bysypsigntially

reducing the bending effect, gapfill dielectric material 320 can be desirably 25filled within the gaps
between ¢Rg dpd b STieata birE SR fithe hetedrisasts sredlsiuleals reduce the bending

effect prior to filling a gapfill dielectric material. FIG. 3 is a simplified cross-sectional view
of an exemplary STI structure after the stress-release of the liner layer according to an
embodiment of the invention. In FIG. 3, a liner layer 310 disposed over a STI structure 305

20  over a semiconductor structure 300. After depositing liner layer 310, the stress-release
process (step 120 shown in FIG. 1) is applied to liner layer 310. The stress-release process
can desirably release the stress of liner layer 310, such that the lines of STT structure 305 are
not substantially bended and/or stuck to each other by the stress of liner layer 310. By
substantially reducing the bending effect, gapfill dielectric material 320 can be desirably

25  filled within the gaps between the lines of STI structure 305. It is noted that the stress-release
process (step 120) is performed before the deposition of gapfill dielectric material 320 so as
to desirably reduce the bending effect. In embodiments, liner layer 310 has a stress larger
than that of gapfill dielectric material 320. As shown in FIG. 3, liner layer 310 is deposited
substantially conformal over STT structure 305. In embodiments, liner layer 310 can have a

30  thickness "a" from about 2 nm to about 10 nm on sidewalls of STT structure 305. One of
ordinary skill in the art can modify the thickness of the liner layer on the sidewalls of the STI

structure based on different generation techniques used to manufacture the STI structure.



process (step 120) is performed before the deposition of gapfill dielectric material 320 so as to
desirably reduce the bending effect. In embodiments, liner layer 310 has a stress larger than that of
gapfill dieleHEAHARHATB20. As shown in FIG. 3, liner layer 310 is deposit®§ BIF3804308 onformal
over STI structure 305. In embodiments, liner layer 310 can have a 30thickness "a" from about 2 nm to

about 10[pp2n sivigyaifoafssté Sl wedv ig30mpineof oxtipainatdldn the art sasnmedifidhadhickness

of the liner layer on the sidewalls of the STI structure based on different generation techniques used to

manufachid Rnsty RatrefsBe el YoReydeRasBPTFIDE 2008/ 0s s SRS RO DRE3ERfch systems that
may implejpent#mheeirepisehtheHavanion@ay inmuds bighedensitinRiasmpdhrptisalompor

deposition (HDP-CVD) systems, plasma enhanced chemical vapor deposition (PECVD) systems,

sub-atméSpHePLRESIISH $ad SRUBIRO SRS ACRAS ISPSIRE SXA G Tie ARSPHERTAIRTAS0r deposition

Systems stRang Fhesi e iRsTend Spesticexamnpenptmvl sysiemadtaionay implement
embodiments of the invention include the CENTURA ULTIMA(tm) HDP-CVD chambers/%stg{ps,

PRODUGERERT &)cidp e SHDESR s edMAT PRIHUY R R MPREEHs al ms,
availablesfranviniigsbMaterials dnm PP Rame Clatay Palfenianiadre/ Qe suitapiasubsisate

processing system in which can be modified to utilize 10embodiments in accordance with the invention
is shown%ﬁ}&ileé%ﬁﬁé@lﬁa - adsigntaCties P3G 6,387,207 and 6,830,624, which are
incorporated herein by reference for all purposes. FIG. 4A is a cross-sectional view of CVD system 10,

having v@9Mh oo Besairy st PIOS AR EOIBGES 1B ERHEEr AN AE TRAKIFE EMYFST lid assembly
15 0[00261 Ko IheyalemdQ remaing gasdisiidian masiialdib1Qt diRpersig-RINRIS ggses 15to a

substrate (not shown) that rests on heated pedestal 12 centered within process chamber 15. Gas

distributiSRtn AP L1 28 BE fobAtbedombhih srecRrAmy o HRRERHY I &t TaNs &8aY to serve as an

electrodefRpdRENIiNg@ aPRCItMERIASNBnAWING BFeceBsinGeing SURSITAS A Sefriceasdustor
wafer) is positioned on flat (or slightly convex) surface 12a of gedestal 12. Pedestal 12 can be moved

at (
controllaBRAPE&TderhidnrdrdenaiigrbativatingtisbdasibtatgietsemhlzIB P4A) and an upper

processing position 14 (indicated by dashed line
[0026] CVD system 10 contains gas distribution manifold 11 for dispersing process gases

15 to a substrate (not shown) that rests on heated pedestal 12 centered within process chamber
15. Gas distribution manifold 11 can be formed from an electrically conducting material in
order to serve as an electrode for forming a capacitive plasma. During processing, the
substrate (e.g. a semiconductor wafer) is positioned on flat (or slightly convex) surface 12a of
pedestal 12. Pedestal 12 can be moved controllably between a lower loading/off-loading

20  position (depicted in FIG. 4A) and an upper processing position 14 (indicated by dashed line
in FIG. 4A), which is closely adjacent to manifold 11. A centerboard (not shown) includes

sensors for providing information on the position of the wafers.

[0027] Deposition and carrier gases are introduced into chamber 15 through perforated

holes 13b of conventional flat, circular gas distribution faceplate 13a. More specifically,
25  deposition process gases flow into the chamber through inlet manifold 11, through a

conventional perforated blocker plate and then through holes in gas distribution faceplate

13a.

[0028] Prior to reaching manifold 11, deposition and carrier gases are input from gas

sources through gas supply lines into a mixing system where they are combined and then sent
30 to manifold 11. Generally, the supply line for each process gas includes (1) several safety

shut-off valves (not shown) that can be used to automatically or manually shut-off the flow of

process gas into the chamber, and (ii) mass flow controllers (also not shown) that measure the



in FIG. 4A), which is closely adjacent to manifold 11. A centerboard (not shown) includes sensors for
providing information on the position of the wafers. [00271 Deposition and carrier gases are introduced
into chambeV@2¢H8L perforated holes 13b of conventional flat, circular F&FAISHBUINM4ceplate
13a. More specifically, 25deposition process gases flow into the chamber through inlet manifold 11,

through g cenyentionabRarfategosker Nats anddhatthiruah holesdparedistidienfaceplate

13a. [00281 Prior to reaching manifold 11, deposition and carrier gases are input from gas sources
through §aiSSUPMYMiealivrs HRRtHEPydtam Cofhetes tIRP B 8RO I ISRTBE AR #h SASERY F8t8Smanifold
11. Generally, the supply line for each process gas includes (i) several safety shut-off valves (not
shown) tHR2%9n Béhasedasitintenatsnityréormed imilyeshMbofyskarfihcan provdiy gdbaielthe
chamber ii rol Iso e
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thermal process or d plasma-enhanced process. In a plasma-enhanced process, a power supply
Sapplies aldgteidtestpolder(bbisvemtogasidiberisieiotdiicbpleie as3hcaneppbaeseglaP 5o as to excite the

process 3. iYIE 9 (9T PASTE WHAIBOe £IOELR esier beswsen dRaerlaie dAn anctpedesta

12. (This region will be referred to the "reaction region"). Constituents of the plasma react to
deposit ardésirapfitriedrothpedastacéof The BEmvosttibhiGfensigdpbrmg Y pdiper12, The RF

powgr s ' i > ) ' li t.a high, RF
bl B S S S A R S
decompdiftibemfersaciRE2méGes Kito dueabinid hacegmmarsinpe o sagiyanpeaies proedigdhe RE

power sypply, woilsh apLhedtized; A0 IRR AIRGRSS %@%&@F@@ﬁ@?lWJ@%%%ttBquB%&the

desired films on the surface of the semiconductor wafer supported on pedestal 12, which is resistively
heated tapddbfoprasessreasIBErBIgYhRsMpEyreasetior deposit the desired films on the surface of the

semiconductor wafer supported on pedestal 12, which is resistively heated to provide thermal

15  energy for the reaction.

[0030] During a plasma-enhanced deposition process, the plasma heats entire process
chamber 10, including the walls of chamber body 15a surrounding exhaust passageway 23
and shut-off valve 24. When the plasma is not turned on or during a thermal deposition
process, a hot liquid is circulated through walls 15a of process chamber 15 to maintain the

20 chamber at an elevated temperature. The passages in the remainder of chamber walls 15a are
not shown. Fluids used to heat chamber walls 15a include the typical fluid types, i.e., water-
based ethylene glycol or oil-based thermal transfer fluids. This heating (referred to as heating
by the "heat exchanger") beneficially reduces or eliminates condensation of undesirable
reactant products and improves the elimination of volatile products of the process gases and

25  other contaminants that might contaminate the process if they were to condense on the walls
of cool vacuum passages and migrate back into the processing chamber during periods of no

gas flow.

[0031] The remainder of the gas mixture that is not deposited in a layer, including reaction

byproducts, is evacuated from chamber 15 by a vacuum pump (not shown). Specifically, the
30  gases are exhausted through an annular, slot-shaped orifice 16 surrounding the reaction

region and into annular exhaust plenum 17. Annular slot 16 and plenum 17 are defined by

the gap between the top of chamber's cylindrical side wall 15a (including upper dielectric



[0030] During a plasma-enhanced deposition process, the plasma heats entire process chamber 10,
including the walls of chamber body 15a surrounding exhaust passageway 23 and shut-off valve 24.
When the pM&381EM bt % rned on or during a thermal deposition process, PRt URRMP & &Hulated
through walls 15a of process chamber 15 to maintain the 20 chamber at an elevated temperature. The

passages;ifithegemalpden ohahamasivaliserame orlabav fiuidadised tedisatrbamber walls

15a include the typical fluid types, i.e., water-based ethylene 7c[;)lycol or oil-based thermal transfer fluids.

This heatibigifreferasd 1E8rABaLAGSH} fitfigscks et RisRyEry hHERdmRRmARE iR ALE S ANRHaTES
condensafion G 1RAESIARIS KeartRBLIRAUGtSapddpiPYes iR R iminatien.al¥eiatile products of the

process gases and 25 other contaminants that might contaminate the process if they were to

condensg e il SleA0) XAGUTPATRARRS ARMMIRERIAREGIPIR IRANISE S8R agber during
|

periods of no . [0031] The remainder of the gas mixture that is not deposited in a layer,
incluslingerdzatsonlbyprotiarestis sievcugtedrfrownt shawibe hrsush desewar-phiehi{RBEdhown).

Specifically, 1¢ 390356 A5, SXORSISA QLS R ANMAD SIohshaRRAAIERAP suiiguading the

reaction regiofn and into annular exhaust plenum 17. Annular slot 16 and plenum 17 are defined by the
gap betweel the)topdirthaniesseyiipidicdiasiernprslis 1S Aol isaig AsyEFdRsIBE FRO\RIWN)

2010/01]tﬁZ&ngB%%gg%%%’&Osﬁgw@.19 on the wall) and the bottom of circular chamber lid 20. The
360-degree circular symmetry and uniformity of slot orifice 16 and plenum 17 are important to achieve

a uniformf| f process gases ove, i ' il fer. [0032
Fom e bl e B U st plonum

17, {ast aonmmgqnmﬁe(mf)s‘hqmiﬁ)t;imﬁ@lh@h@@ﬂﬂiﬂ@&d-@ﬂl@ddﬁib%%hﬁ%@é@@ﬂ%@@@%uum
shut-off valves¢ (uhgsehadiaiotearaterlyllo lowerhanberaall Laal.and lelexhAuS) qullet 25

that connec S 10 the eXxternal vacuum pump (not shown) through a foreline (also not shown). [0033]
The wafepstippart hlattertof getestalun? {dreferaisy: alemmatano CHramRPOE BlatRoMBila¥dn thereof) is

reSiStivel){an]}gla %)eo(ljtl%sni BRLE Eﬂ?%‘ﬂﬁnegf%' Q%?c’é%@c%?&@%‘%%?%%ﬁﬂer radius. The wiring to

the heater element passes through the stem of pedestal 12.

15 [0034] Typically, any or all of the chamber lining, gas inlet manifold faceplate, and various
other reactor hardware are made out of material such as aluminum, anodized aluminum, or
ceramic. An example of such a CVD apparatus is described in co-assigned U.S. Pat. No.
5,558,717 entitled "CVD Processing Chamber," issued to Zhao et al, and hereby incorporated

by reference in its entirety.

20 [0035] Lift mechanism and motor 32 (FIG. 4A) raises and lowers heater pedestal assembly
12 and its wafer lift pins 12b as wafers are transferred into and out of the body of chamber 15
by a robot blade (not shown) through insertion/removal opening 26 in the side of chamber 10.
Motor 32 raises and lowers pedestal 12 between processing position 14 and a lower, wafer-
loading position. The motor, valves or flow controllers connected to the supply lines, gas

25  delivery system, throttle valve, RF power supply, and chamber and substrate heating systems
are all controlled by a system controller over control lines, of which only some are shown. A
controller relies on feedback from optical sensors to determine the position of movable
mechanical assemblies such as the throttle valve and susceptor which are moved by

appropriate motors under the control of the controller.

30 [0036] In the exemplary embodiment, the system controller includes a hard disk drive
(memory), a floppy disk drive and a processor. The processor contains a single-board

computer (SBC), analog and digital input/output boards, interface boards and stepper motor

9



element configured to make two full turns in the form of parallel concentric circles. An outer portion of
the heater element runs adjacent to a perimeter of the support platter, while an inner portion runs on
the path of AEbHYEMHd Wircle having a smaller radius. The wiring to the heReTdIEWR43a4ses
through the stem of pedestal 12. 15[0034] Typically, any or all of the chamber lining, gas inlet manifold

faceplate, A YariQus AN GIRARIBLAAEICEID 2188346 M@P@@%@wwmaﬁm%%odized

aluminum, or ceramic. An example of such a CVD apparatus is described in co-assigned U.S. Pat. No.

5,558,7 1Veviistrndayd vrsbedefingschrardbeid kitfedid CHAsEPlimAasHEIE BYifRIbolded by
referenceify s &RHHED1Z0R3RE it MEhANSM 208 0010% 38 Gl Gaddhiaises andioyersheater

pedestal assembly 12 and its wafer lift pins 12b as wafers are transferred into and out of the body of
chamberb15.by a robot blade (not shown) through insertion/removal opening 26 in the side of chamber
10. Motor 32 raises and lowers pedestal 12 between processing position 14 and a lower, wafer-loading
posifion. [PR8 Thotdr sysitresontfigiecontilleallcdihe ety tocthel Supply nagckyas. 2bbe iveigisystem,

throttle valyes RERAUSHARAMRROSHERPRRRL A0 AHDRYLE DERING sisieme Asral pentiolled by a

system controller over control lines, of which only some are shown. A controller relies on feedback
from opticaimpetgorsatiideteedinm thspesiiorewonyoRiske by haninsiracseinBllesddisk d5te throttle

valve and %E%R‘E%Vg{?ai%agé?%wys&ay@?&r899@%&59%@%%5&@@ SRighahtsicontiolier.

30[0036] In the exem odiment, the system controller includes a hard disk drive (memory), a
floppy diskstiivd amdhaiptotessbe. haprovesssrad@using basiglaisosts: cormpiiri¢SBEtEitalog and

digifg inﬁ%%glg éftlQ\S’é}E‘?§u§@£§(@%9&%¥9%&P&ﬁé‘?B&%I:ﬁ@%&%fo\ﬁé%%‘?iw{%lﬂnﬁ@&qﬁd%009/049300

controller rds. Various parts of CVD system 10 conform to the Versa Modular European (VME)
standardanhiphtelefingsabvaridred rh calors, mpaeoriracest dinledisiprometapesa fivenyviskseindard

also defings e s Stpclie. A5 iRung A LebLata s pade A bikadiigss bus. 50037] A system

controller controls all of the activities of the CVD machine. The system controller executes system

control sefydie: WIKEH.I8 LIRS RIGGEAR SHoreth i £oMPHIGLaRadable mAdMAGM 3o 2

memory. rably, the memory Is a rive, but the memory may also be other kinds of
memory.cEhécompeternpedgrang imchipsisepsagt ans pradisnshids diciesecthevtifingniildeire of gases,

Ch%befﬂ{8§% m%?%@??%%ﬁ@%%%ﬁ%&E’S\Qéﬁf lovels, RyseeBIRpResition.ged other

parameters of a partic process.
programming language: for example, 68000 assembly language, C, C++, Pascal, Fortran or

others. Suitable program code is entered into a single file, or multiple files, using a
conventional text editor, and stored or embodied in a computer usable medium, such as a
memory system of the computer. If the entered code text is in a high level language, the code
20  is compiled, and the resultant compiler code is then linked with an object code of
precompiled Microsoft Windows® library routines. To execute the linked, compiled object
code the system user invokes the object code, causing the computer system to load the code
in memory. The CPU then reads and executes the code to perform the tasks identified in the

program.

25 [0039] The interface between a user and the controller is via a CRT monitor 50a and light
pen 50b, shown in FIG. 4B, which is a simplified diagram of the system monitor and CVD
system 10 in a substrate processing system, which may include one or more chambers. In the
preferred embodiment two monitors 50a are used, one mounted in the clean room wall for the
operators and the other behind the wall for the service technicians. Monitors 50a

30  simultaneously display the same information, but only one light pen 50b is enabled. A light
sensor in the tip of light pen 50b detects light emitted by CRT display. To select a particular

screen or function, the operator touches a designated area of the display screen and pushes the

10



computer programs stored on other memory devices including, for example, a floppy disk or other
another appropriate drive, may also be used to operate the controller. [0038] A process for depositing
a film on a YOHWAO br4Zoprocess for cleaning chamber 15 can be implemeRS RS/ &tehputer
program product that is executed by the controller. 15The computer program code can be written in

any convgptiona sempotierreadaRicgracsanming langsagsndar exempte: R80Rasserdlyanguage,
C, C++, Pascal, Fortran or others. Suitable program code is entered into a single file, or multiple files,

using a a8 AT N BHIRS CamENERIraH Bt Rt dieiH & bRFRGGE M <iBiasdrsh, S as a
memory gysie afdhacompuishdf thagnterechepgsitexkisirsndighilenrliargurgmaheocara 20is

compiled, and the resultant compiler code is then linked with an object code of precompiled Microsoft
Windowsytsitstal crotmitfichtios exégtitaehalinke AR IS MRF oI SErUBURIEAE Sy4heht GSBFINBKes the
object code, causing the computer system to load the code in memory. The CPU then reads and
exebuted MdUodEXG. Je¥fehavhecrmaRpidemaiReasripe Sl Sirante oB0RE In eI een a

user and e, G SIGLisiA BCTTMANIAT AOBANC IA0LAE D8R AN EGodB which is a

simplifieé lagram of the system monitor and CVD system 10 in a substrate processing system, which
may inclddevotiaordapier Hanevats ramele preseacarsmbsdihentitis wohliolsboa Brel S&dtifone

mountedgipdhe,clean rpomvallkinidhe, opgistorsang theipenpehing thenalldarthe ssrvice

technicians. Monitors 50a 30 simultaneously display the same information, but only one light pen 50b

is enablettlantiig it sadsint prserablp b¥highiseresioyigetElis fotrletiREt B ERAIMGENY &f0 select a

parfigulagSereen ar fHAGHIR, f'ﬂ?}%ﬁ@&gr toHehesR Wesitnaled ea Qi tbediapiay gspesniand pushes
the WO 2010/011476PCT/US2009/049300 button on pen 50b. The touched area changes its

highlightéesisisierslet af fenirirmblerksErr B AIBIESASRASEHifmBIRG ORI SRt P Betheen the light
pen and U%%@éﬂ?h%&ﬁ&%ﬁg%@ﬁ&ﬁ@%‘ﬂ@%%g@@ﬁ& key(paers JRGUER h RN ABIEINGAY be

communication device, may be used instead of or in addition to light pen 50b to allow the user to

communiBage with RRBonreieabioohep PeOa W L o iFen bed pndera e hsfardY &8 s talet on lid
assemblm%/?gp\;%eﬁ SarePehil 24nekeding Hay AisHibaion facanlais. ktayarsh Jas diglibsition

manifold 11. Mounting adaptor 64 mounts remote plasma generator 60 on lid assembly 15b, as best

sedfin Arolags mabiermeiéty/Erayinaad onrmadrPhEsgenay o inadialute doetween adaptor

64 and lighagsemblel e Mixing-devicsndO-isainled todhasnatieamiside ¥ gag dQdistibution
manifold 11 (FIG. 4A). Mixing device 70 includes mixing insert 72 disposed
more detail below. A'three-way valve controls theé flow of the process gases to process

chamber 15 either directly or through remote plasma generator 60.

[0041] Remote plasma generator 60 is desirably a compact, self-contained unit that can be
20 conveniently mounted on lid assembly 15b and be easily retrofitted onto existing chambers
without costly and time-consuming modifications. One suitable unit is the ASTRON®
generator available from Applied Science and Technology, Inc. of Woburn, Mass. The
ASTRON® generator utilizes a low-field toroidal plasma to dissociate a process gas. In one
example, the plasma dissociates a process gas including a fluorine-containing gas such as NF3
25  and a carrier gas such as argon to generate free fluorine which is used to clean film deposits

in process chamber 15.

[0042] 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
30  and elements have not been described in order to avoid unnecessarily obscuring the
invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.
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inside a slot of a mixing block for mixing process gases. Ceramic isolator 66 is placed between
mounting adaptor 64 and mixing device 70 (FIGS. 4A). Ceramic isolator 66 may be made of a ceramic
material suc@30APABH99% purity), Teflon(r), or the like. When installed, niE&Y 388 9200and
ceramic isolator 66 may form part of the lid assembly 15b. Isolator 66 15isolates metal adaptor 64 from
mixing d%ﬁb‘@i 0 @ﬂ%@éﬁ%@%@%m%%%@é@ﬁé&mmm@tﬁaﬁ pieatial fgea seeendany, plasma to
formin i assemtél)g 15b as discussed in more detail below. A three-way valve controls the flow of the

process 4Bt Prreuricabibb e banerpitetii SO LER IR IR ARSI e 2%, [0041]
Remote plasmpaang iaiot Siisdlepitahinacqmpastpselticamainetunit thaticamhe2Rggaveniently

mounted on lid assembly 15b and be easily retrofitted onto existing chambers without costly and

time-con$EHHRRP AR MBEEORONE RGRAME MRS I ABFR ENES Yeher i INEL sl rom Applied
Sciegce andJeeRBIRN iINGHLEMWOP iR Mashc IS ARTRON (Ihgenatatoidilizesadpwdield toroidal

plasma to dissociate a process gas. In one example, the plasma dissociates a process gas including a

fluorine-coneiFliAdngas BarAndsnGrdepd % by melided s dudrLs Bhgores JuitFats FAS&Iuorine which
is used toygeRn:filte- dgRaRits NBIRERsCiramHRaIdLE PRt 2havina descEhrd savsfglerelodiments, it

will be recognized by those of skill in the art that various modifications, alternative constructions, and
equivalertathinyhsdnysatiomreRicedpan grreically syrldedHimmvante s additosalyy rutber of
well knowp,pipegssesdAardale Baa avg-nahheaadeserlbrainues toraaidinaeessarily

obscuring the invention. Accordingly, the above description should not be taken as limiting the scope
of thE investistedNDy 00 /0182 AnBRtEt/US2009/049300 [0043] Where a range of values is provided, it
is understood that each intervening value, to the tenth of the unit of the lower limit unless the context

clearly dit@9H otheritied herinaad thdhgppeeaid e iR BrEtHAL Farge R alss spadifitily
disclosed,Eaoh SIRAIIGEARAR RRINEEN-RRY SIatad MAIURRIRISINGING Valu) InR statepi¢ange and

any other stated or 5intervening value in that stated range is encompassed. The upper and lower limits

of these shfBIRAICEIRg@IHARPIdepafeeABE iRl deeshgrekolvrrfiFFtRERSH iR, BRPESERPANnge

where eitheq, Beither,Qhboth Jaits: arenslideddr the Sralialdanacsdsralaswineompassadaithin the
invention, subject to any specifically excluded limit in the stated range. Where the stated range

incllides dhE®RBoMGFHE its, ranges excluding either or both of those

[0045] 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

20  groups.
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10included limits are also included. [0044] As used 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 method" includes a plurality of such methods and reference to "the
precursor" includes reference to one or more precursors and equivalents thereof known to those
skilled 15in the art, and so forth. [0045] 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 @ Q& (PLS rléeatures, integers, components, steps, acts, or 20groups. WHAT IS
CLAIME : . yosition method for releasing a stress buildup of a feature over a
semiconductor substrate with dielectric material, the feature including lines separated by a gap, the

method comprising: fotming & IMRRISIHALREHND iU RIESS e QePHiRSh IRIBE suiRafdie iAvsr @
chambersemicondelgasisghasiieswiah dielbogidavarcoker airaintuainigling sheeliaesateyaryimtbap,
chamber at a te rature of between about 450C to about 550C to substantially reduce bending of
the IinestBFtHbeﬁé){l%%@mg' depositing a dielectric film over the stress-released liner layer to
substantially fill the gaprofitite tedinee. layer ovrTtre dégaisitonmetirod edtaitorl substeiteréteasing
the stresgh%{r}]h%rljner layer includes idling the liner layer in the chamber for a predetermined time.

3. The deposfi’on’ method of claim 1 wherein releasing the stress of the liner layer includes annealing
the liner layer with a teetersiu steersadbitealimmayempeeatinefeshipsdiind@0tdiner layedinthe

depositiqn, MEHAd.0" £ PG bINGIRRRAT BB (e AL SR B8 Wit hRkaRaHIAD TaygELeSS:

bending of the lines of the feature; and
depositing a dielectric film over the stress-reéghbner layer to substantially fill

the gap of the feature.

2. The deposition method of claim 1 wherein relegshe stress of the liner

layer includes idling the liner layer in the chambw a predetermined time.

3. The deposition method of claim 1 wherein relegshe stress of the liner
layer includes annealing the liner layer with a penature from about a room temperature to
about 1000°C.

4. The deposition method of claim 1 wherein thedif the feature have a

line width of about 40 nm or less.

5. The deposition method of claim 4 wherein thesinf the feature have an

aspect ratio of about 10 or more.

6. The deposition method of claim 1 wherein thetitayer is substantially

conformal over the feature of the semiconductostake.

7. The deposition method of claim 1 wherein theditayer is solider than

the dielectric film.

8. The deposition method of claim 7 wherein théedigic film is a flowable

dielectric material.
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5. The deposition method of claim 4 wherein the lines of the feature have an aspect ratio of about 10

or more. 6. The deposition method of claim 1 wherein the liner layer is substantially conformal
over the feature of the semiconductor substrate. 7. The deposition method of claim 1 wherein
the liner layer is solider than the dielectric film. 8. The deposition method of claim 7 wherein the
dielectric film is a flowable dielectric material. 9. The deposition method of claim 1 wherein the

liner layer has a thickness between about 2 nm and about 10 nm on a sidewall of the lines of the

feature. 10. The depasition method of claim 1 wherein th stressﬁ%Fetwe n aboyt. 50 MPa and
about 500 MPa. O 11 A PR T VeSS Sl Ar OIS LR IlRYF DA TS ng o
dielectridodepesitiabpthe metlzod edopr Eingm on a sioewiigdineéeoiaye femeréhe semiconductor
structure on a semiconductor substrate in a chamber, wherein the semiconductor structure includes

lines having a line widil of akaut 40 jyRrisHaRBH 3P ASRAC (AHE R PRNGLS BeMR¥Eh about 50

releasing a stress of the liner layer over the semiconductor structure by idling the liner layer in the
chambeMiPa ¢ 3oRILIROBMNRBVeen about 450C to about 550C to substantially reduce bending the
lines of the semiconductor structure; and depositing a flowable dielectric film over the

stress-released liner layer to Auhstabtialy filey gaingfihestcoieanctoctiomettusiviisending dutidglde
method of claim 11 wherein r%easi tge stress of the liner layer includes idling the liner layer in the

chamberdfg egﬁ'lpe SPé’ﬁﬁlﬂgu ﬁ@.& 00 COP R method of claim 11 wherein releasing the stress of
the liner layer includescanmegliagliher litgrelay@rewithe wempesatiuetdrorsuaisod oh aaosemieoniretire to

about 1000G,,.vc in o hPHSSIHORLAY FIEOL 1 AReGiRRR eI AN S S iy A hnenian

over the Teature of the semiconductor su e. e metho claim erein the liner
layer hasiaahickhoss dessandipsuaspent i il @lrond bpren a sidewall of the lines of the feature.

16. The method of clagjeLLphereindle sHipgs it yeE BN HE Yot S ARAIERD MR the

17. A method of filling gaps between features on a semiconductor substrate with dielectric material,
the methBteEdastisigihe chamber at a temperature of betwabout 450°C to about 550°C to

substantially reduce bending the lines of the sendactor structure; and
depositing a flowable dielectric film over the sseaeleased liner layer to
substantially fill a gap of the semiconductor stuaue.

12. The method of claim 11 wherein releasing thiesst of the liner layer

includes idling the liner layer in the chamber &gpredetermined time.

13. The method of claim 11 wherein releasing thesst of the liner layer
includes annealing the liner layer with a tempemtistom about a room temperature to about
1000°C.

14.  The method of claim 11 wherein the liner lagesubstantially conformal
over the feature of the semiconductor substrate.

15. The method of claim 11 wherein the liner lalgas a thickness between
about 2 nm and about 10 nm on a sidewall of thesliof the feature.

16. The method of claim 11 wherein the stress fsvden about 50 MPa and
about 500 MPa.
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forming a liner layer over the features on the semiconductor substrate in a chamber, the features
having a width of about 40 nm or less and an aspect ratio of about 10 or more and the liner layer
having a thickness of between about 2 nm and about 10 nm on sidewalls of the features;

annealing the liner layer by idling the liner layer in the chamber for a period of time at a temperature of
between about 450C to about 550C; and depositing a dielectric film over the liner layer to
substantially fill the gaps between the features. 18. The method of claim 17 wherein the period

of time is selected to reduce a stress 8f tP? ||ner layer
A met iling gaps between features osemiconductor substrate

with dielectric material, the method comprising:

forming a liner layer over the features on the semductor substrate in a
chamber, the features having a width of about 40oness and an aspect ratio of about 10 or
more and the liner layer having a thickness of leetwabout 2 nm and about 10 nm on sidewalls
of the features;

annealing the liner layer by idling the liner layarthe chamber for a period of
time at a temperature of between about 450°C tate®0°C; and

depositing a dielectric film over the liner layay substantially fill the gaps
between the features.

18.  The method of claim 17 wherein the period wietiis selected to reduce a
stress of the liner layer.

15



