DEPGCSI TI ON METHODS FOR RELEASI NG STRESS BUI LDUP FI ELD OF THE | NVENTI ON

[ 0001] The invention relates to nethods for sem conductor manufacturing.
Mor e partwoubavdiy476t he i nvention relates to gapfill netroadastaw/onsduci ng
bendi ng effect of sem conductor structures. BACKGROUND OF THE | NVENTI ON
[ 0002] One of the persistent challenges faced in the devel opnent of

sem condu Wﬂgm i i i circuit
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interactions between them Unwanted interactions are typically prevented by
provi di ng gaps or trenches that are filled with electrically insulation

material to isolate the el epEnisOFOtHE PRYSENcEONY and el ectrically. As
circuit densities increase, however, the wi dths of these gaps decrease,
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not” fi I's undes ecause versely affect
oper atdeanc@iduttbestannptet ed devi ce, such as by trapping inpurities within
the insulation material. [0003] Conmon techniques that are used in such

gapfill applications ar %W@%Nﬁ@pqmﬁﬁﬁm( "CVD') techniques.

Conventional thermal CVD processes supply reactive gases to the substrate
sur f ac[@00dler Onhehtheipadisced chilnpeafacediache dneldpabent pf soecomsluprooduce a

desired film .Plaspa- enhanced CVD (" PECVD'). techni ques pronote excitation
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surface, thereby creating a plasma. The high reactivity of the species in
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pl ace,. and.t hus |. rs,the t erature.requijred for.such ,CVD processes when
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dense plasma is fornmed at | ow vacuum pressures so that the plasma species
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and narrow wi dth, gaps have
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.



been filled with thermal CVD techni ques using a "dep/etch/dep"” process by
sequentially depositing material, etching sone of it back, and depositing
addi t i onavormatoani€k. The etching step acts to reshape tireTpseanoakdsgofill ed
gap, opening it so that nore material can be deposited before it closes up
and | eaves an_interior gap. Such dep/etch/dep processes have al so been used
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filling a gapfill dielectric material in gaps of a semi conductor substrate,
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the gaps of STI structures are seal ed, the dep/etch/dep processes cannot
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dielectric materials into the gaps that can accommobdate their increasing
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invention pertain to nethods for releasing a stress of a liner |ayer forned
ovdp a [Pedd]ur eonfengosaly, poododilbng & gapfdt dickctrithreatstizles gapedfease of the

l'iner |ayer an de%i ratblk%l.reguce.t e b(gn{j}iln ef f ect oft I ipes gf. theieature
that el SSRTIOr HOSERENT ST Ot e SHSE g e endf dOWd ect of
]E he 1'i nps:.if teQ@REAdidnsORLREd & shaAGw RRnEesblaabh YSTI) kir@stuieh kBdpkngiaRmeOthet he
eature.
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



[ 0008] One enbodi ment of the invention provides a deposition nmethod for
rel easing a stress buildup of a feature over a sem conductor substrate with
di el ectriwormtoani«tk. Thefeature includes |ines separat egChhyusacogap3oihe
met hod includes formng a |iner |ayer over the feature on the sem conductor

substrate in a chanber. A stress of the liner |ayer qver the feature is
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i nvention may be realized by reference to the remaining partions of the
speci f iC@PosebME! theetigpaimarged e ldientq ?%étaP'é"fIB’P@kg@ H%Br?gf;tﬁl featitee ysed

t hroughout the several drawings to refer to simlar conponents. In sone
i nsfances, a subl abel BRIEEIHHIGRIPTIONIOF aHEDRASMBNGHuneral and foll ows a

hyphen to denote one of nultiple simlar c onent Wien.reference i s nmade
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a flowhart iTlustrating an exenplary deposition nethod according to the

i nvent ilika refpBO4d hurR¢i@ls a2e hedahmopkordthaseyemt drageegsitoneftr iisewlghowi ng a
bendi ng g]genomen%n of .a STI strgftbulr.e W th lsét rel egsi n&( a stress of a liner
| ayer ; CPBHIBYIE 1 S0g1e BStENEH AP PR @psoStalcd ity 8 FdF el W B¢ dh Y exenpl ary
STho st FHIEIW £hyHeh 1@ dSidtesse sheRipR Sinbr sgsindhiy Wiknasfeadiboti maitoaf t he
invention; [0013] FIG 4Ais a sinplified cross-sectional view of an

exenpl asfpreovpneystabmitheeiopedifiegtiontte ap slstnaiHlabebfit s hrtepdedda fsieno alind
[0014] FI,G 4B,is a simlified diagramof a system nonitor/controller
corrponélrll‘fh rgyﬁﬁ)lgéglélta?%@p%r}eggséssi ng system according to enbodi nents of the
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015 he i(g}venti on

r el at ed09I neklfbdds powshar dBRHEIOM FEMIAY IEPINILD ETed BHFYBAIN Py, the

invention relates to gapfill methods for reducing bendi ng effect of
sem conductor’ structures. The nethod may include forming a liner |ayer over

matSr1 3001 GaisE 257 ReE R e e e e ot v b ating P Pele RR STy | ner
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[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



a wdth of about 40 nmor |ess and/or have an aspect ratio of about 10 or
nore. The stress release of the liner |ayer can desirably reduce the
bendi ng eVbeoto/ai476i nes of the feature thatmy stick thecriuseaniissvhe
feature. By reducing the bending effect of the lines, the gapfill materi al

can be desirably filled within gaps of the feature. }0016] FIG 1lis a

f I owcharey fiakibe Haes Hghaleaeipo sBY rehicmattoberdéteortichgl the liaps. dieasafitent  of
the | nvienklitanhd &l LrnPhig 0o aclides step 110 for depositing a
i ner layer over a feature on a gonductor substrate. The feature can

be, for exanple, a shallow trench isolation (STI) structure, a plurality of
gat e |il08%6] aFKr-drigpitioycbart dlbysiabing ¢ depqsHiog, mehodagerdiagin Parehpdipent
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enbodi ment's usi ng structure, regi ons separ at ed
by & t rfemate onTheenhicoiuctaaygestasn Tie,fedtore caxdapioe exanploxd dellbayench a nitri de

| ayer, an oxy-nitride |ayer or the ljke. | nbodi nents, the liner |ayer
can be lﬁ‘gﬁatéo‘%/ 4*%:‘}? %tB{CF‘%{@'e%/WWa?W? -t%i“i"?scéi?g’rés*ﬁé Q?dVﬁ’éVq lincgronoedr can be
subst antehAldniueBP§RIIRE. PYLEdlfte, iRafUiufe RLiliBEISETLEARYE Arsapustrate. In
one enbodi nent, the liner |ayer can be formed by a high aspeé% ratio

pr ocessenibdaiRPynts ysihe BT atmuaiHAPRe dinst eam beaactive hegiorsseprratadl by apencldepasi ti on
(CVD) stem | n another epbodi nent, the.liner |ayer can be fornmed . on the
f eat ur oy LA Ry G ma e, AbPHOE HYP i BB AP A B GEFORT Pt de

at nps ph@reeabodRRdnfd, tiROln@XARP LS bd Medd B8kUER-6@R1-BRhG siliAte $TEOS) UTIR:
including trenches to provide isolation between active regions of a

seni condigeiayer earhgctubstentiatiyeconforaal pyey éhe feaiirnef the sanisprducr selesratearinpe
deposi t ed [ Th- ructure. -The res n bet %ﬁgggt 50 MPa
and aboc%\e eg%%d@éa}ﬁ’atﬁﬁ lhrr%%{}ageerr%n |%Ie %%rén egfso tytaﬁtélg%‘cf‘?peg{)rgag t#%?sn( e deposition
of the dyktaer, ah afAPRCARteint) ©k bter tikeniuge,apbr & pbiiREn WOVDh seesn i Dchnddeerusi ng an
3/ TECS based subat nospheri c_chem cal vapor deposition (SACVD) process.

Though §Rehasierthhgilingr ayey e el fagresd nsthe &gpsue Dadfos gamplRer aid Befiflict or
subst r ali8eest farsGA Q?QEnh%§mkﬂﬁﬁ Lon is not limted thereto. Miltiple

8
liner l'ayers can be formed over the substrate. [0018] In FIG 1, nethod 100
can in step 120 faor rel easi t stress. of the liper |ayer over the
Feat ur JOBFA, RESEhrBn drcE STt s B T e liadrsnsht oSt H0a 20 1 or
r el easiig@lafidiebte@S £tk rddidnd dMekenli@@icteAfinichak Udge lifkd IRgrhheinkianer | ayer
over the substrate in the deposition chanber. That is, the |liner |ayer

deposi tResilepiotsess beseppsited Oyerdhe SThetruntires dhe seesssap po betsisey shayy 5920) can
be per fI\QIrPg%ﬁjd iclgoutt I380 mean%erggf Bérlidqpneg g?{ﬁ%%rﬂ sIrﬂgtuge? pﬁlsei Cfeip8ﬁtion 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



chanber can have a chanber tenperature, for exanple, between about 4500C
and about 550C. In another enbodi nent, the stress-rel ease process (step
120), whiwbotassbhe |iner |ayer can be perfornmed in aRrCIASAFQOWSIOr
equi pnrent different fromthe deposition chanber for step 110. In still

anot her enbodi e ep 120 can incl ude, anneal i t he |iner er witha
t enper 4 GReCR Gh BAo R FoghiTeREBI AR ] OPdutors GoRsetind dineaiing
predet ef i nege aRReal ﬁ&ge b dPBased %haﬁ@ﬁeieagwofttwgn&%ﬁﬁgmm&h Thbe

increase of the annealing tenperature. The anneal i ng process can be, for
exanpl eg,nnaaltdg@ms @ndee &3 ,exampleas fermalgabemsata plasnd tycatmt:mteanqzi@mb@s t hat

can desi rabl rel ease tlhe stress of t{ﬁ (‘llfi nelr | a r1 The |i ner P\{' can be
exposedPFH thab ano 3 kant el Fase o HEShPt PEgar, a&%zyéilﬁ ing§ W%&P&F SkA%Fd gas.
One sof t@ra@llaﬂﬁ@phaléuﬂlaumg bl gah loxyBas et #a/d %r@gmo@mwlﬁirytsiam in the
invention, can nodify thé annealing time and anneali a‘%@process to desirably

rel easeart,rbesesltqnetb@er@boctlh@nusmﬁéhe inggrsion, ¢@0nedifyhe annedhiag sinpeetng-anatduge
process ste e.stress of the liner layer, at |east

el
one di el'8EET I 3"315}1%l r%le%fgﬁlgg?stfeég %@&lm?r [8Y§" ner 1 ayer and substantially

fills a 8519 of the feature (step 130). The dielectric filmcan be, for
exanpl d0089lgapfier the suessrrignseqrrogdse it B0l relepsing theestiess & the hear laygn, be
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can be I de, oxyni i's |less
soliod tfeared (isepl [3oe rTﬂeayeleCtheffﬂme:aarby f@n aeahplat g)arpmlaﬁaenddmre]mdlerre nts,
the gapfill dielectric materi a silicon oxide type dielectric
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reaction of renotely generated’ |ca atom c oxygen (|.e
oxygen-lgentaienbefgrepmg aunsding pametssarﬁn@ng@ldun@ltst |tlmez)gap[5ﬂle:heiﬁstdl: rr(a'tsréﬂ mayhe
silico -conhal ni n(? tlprea isor% Ad t| o det alprts and exa Ies of .. net hods
of depo¥iii 5 PC giceicE, f?"P‘é‘e Ff?"‘SH%“ %8“?‘38{5% R A Oy ned
U. S5 paéc%'ﬂimlﬂ ?fdcﬁ@bist'Fo$@£am anlél;é@élrﬂel%&@lc rthiy &dfo%ﬁad frdfy the 8QCsioR M
titled "FORMATI ON OF HI GH QUALI TY DI ELECTRI C FI'LMS OF SI LI CON DI OXI DE FOR

STl :  USaRtatFzenertERENT aSh D OXANELLBASED PRECVRSORS HHORS PIXRPISPRENMATE PLASVA

111 754, JH0 TR Ry 99 207 ARdort: B Eln P RAd RbR B ov o

HI CGH Q.%dahibYesBE@MﬂddKEf Sdaghdsﬁiﬁig dabOXIdieduit Nﬁuﬁos&ﬁdﬂs@@j KAl N NG PRECURSOR
AND ATOM C OXYGEN' of which the entjre contents of th applications are
her ei n 45%8?Cb8r5aﬁ3é‘8nwpﬁlé4fé%ﬂe$ﬁ§ew orl24%9 PutiseLed: 16 006 2h8 utlcd

20 "FORMATION OF HIGH QUALITY DIELECTRIC FILMS OF SILICON DIOXIDE FOR
STL: USAGE OF DIFFERENT SILOXANE-BASED PRECURSORS FOR HARP IJ--
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.



[0020] In enbodinments, nultiple gapfill materials are forned to
substantially fill the gaps of the sem conductor substrate. For exanple, a
dep/ et ch/wepomvacess can be provided for filling the gapcofustée/oisat ure.
The dep/etch/dep process can be repeated nore than one tines to

subst a ly f I e gaps o he sem conduct 0 e. e of ordinary
ski | | '}Wﬁ s Oeam%grg fttLl%¥eé$Pé P4r8/2 Shp &ﬁwﬁﬁﬁ Oglsm d&Pi on by
addi ng &%Hé@%tl(ﬂﬂ” B IQ)ror%&%raré)ﬁﬂﬁéﬁﬁ‘é%yttHe §tkés£ of e ligéxpﬁyﬁj as’sh&wn in

sem conduct or substrate. 21] It 1s tound that lines of "the feature having
a | i ne KiGdeh Fob. hb(:wstchdrﬁammwross -$eesena N vashoaspee bendan g phamomebouof 48Tbr nore
are vulnerablehb¥.the sfress of &h@ | iner | &r %s sgomn in FIGh 2. FIG 2
s a SCHUREES WhERSSCDSELeY Brarsor almeHiNng 5 ChefBe ALoR naksHrcPe Siess st
stryct LHffihé’\hh&ha}lé npa%%ege &sﬁo%s %ﬁ@ﬁ@&f raflo bf RNink@¥%9Ess tmsaaaﬁnm ngpef f ect
caused by the stress’ of liner Iayer may not be serious if the aspect
rati o dfenting effenesay aso e@tsbemanumﬁ@m witgh offthe libemnidilargergthfeghoutrd) nal- so not
be serious if the width of the lines is |arger than about 40 nm [0022] In

FIG  2,[0821]i nBrFliGRYes 1ikdrQayes 200 ROGIPoSit ONRF a 8TEIhudtiie WOS Wher 2BhchdgEtor -
senlconductor substrate 200. Liner |ayer 210 can have a stress between

about 5UbNPde 3%Y Tabeite Y80 Owpa hator stessa hpween Yot SQtMBuwxt zhout 20Q YPa,
rel eas'f‘&%&a*ﬁ? Slét gﬁ@};{)ﬁbkﬂaﬁ&%lj I%gﬁggng %rge’ sl D€L} e?? epild 'tl?ehgtregfgfel [nef 10 can

bend t he structure sone SI I ons, ess of
| i ner |layer21216n bay aeVieesel ST ixendutd03. IIﬂ&Sm@fsnSiﬂonStthu strask ©f RO&E, lagch
that the lines are stuck to each other to the bending effect, a

subsequetmgagstierselydiear dog hines Orﬁe?tTéﬁ‘ir‘éﬁmf?z?@S cish ARt thelines jafeegduskioragh gap
bet veen,d e syt e Beﬂﬁﬁlg%fffegrkx sﬁlgsregﬁédt'r %f?l@?leleéﬁf:%gﬂeggl 20 4R 3g§%ovqjédo r

seans are formed within°STlI Struct escri be ein
conj unahitiengap befwéenGhe dtuck hresstfrSld strnetieas. praosBsgly staegds @) seans are

desirab r S he stre of the liner layer so as to substantially
reducef%ﬁﬁ‘g ﬁp IéPP@EF3% "or to filling a gapfill dielectric material.

FIG 3 is a sinplified cross-sectional view of an exenplary STl structure
af tlér t[A82H}t résﬁe&celb@hs@mfm m@uncitwe,irwqtlaﬁhfi ladeotigbniglaase pivcessiieiap meMit  of

the i nven de?lrablyl 1%16 G& e%tre IfI t efmer i%% todsI ggtgr‘?t?aqllyl W&lce %hest-)rénld%;grercgll‘”oe

305 over a sem-con or s ruc ure eposi ner

t he st reffst pedraasitligy OgassI c(lsliéemclﬁzﬁeﬁzhoml 311$Fa| s(ﬁnpﬁﬁled &o%)fpictlem'hl tview i ner
| ayer 310. The stress-rel ease process can deS|rainﬁrelease the stress of
liner |y@rxgmplarsyEhstiusaire @ﬂ%r the peessselesspiof dhe hinar laver aenerdipg i

puost bR NS BRI R Ve Bl e
mat2er i atve82Bermnmnnbetaasictaid 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 STI 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 STT structure.



filled wthin the gaps between the lines of STl structure 305. It is noted
that the stress-rel ease process (step 120) is performed before the

deposi ti omoabiogapf7cl | di el ectric material 320 so as to ®@egiusadbp4e3educe t he
bendi ng effect. In enbodi nents, liner |ayer 310 has a stress larger than

t hat of fill dielectric materi.al , 320. hown in FIG 3, liner |layer
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t her mal, C i cal ,vapor. deposidd & t her .tvpes. .of  systens.
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I nvent i OsplicaMateealt Nac. GENTLRAC I TCMNokaTh. HDP- CVD chanber s/ syst ens,
PRODUCER(t m SACVD chanbers/systens, and PRODUCER(tn) PECVD

Chanbe:[ﬁ()ﬁst ggg ai@&i sluﬁpttaf(‘% E{o%&sﬁ’%g%yirst% i'}{%tﬁ{:ﬂ @'clnsbe rh&?iﬁe@to wﬁﬂ%a dara,

California. e sul € su ate processing systemin which can be
nodOf | ethHodirtidrts inzecembod wghtie ihver@ioa ds danaeandi deberitled in nv-essigned U.S. shown
and described in_co-assigned U.S. Pat. Nos. 6,387,207 and 6, 830, 624, which
are i ncotpitabed’ el ent6ByOPafere érerla?oramateaﬁweb%% bt relpeqs %Aail s a

Cr 0SS- $REIdseNabICY 14aWs Afer& VR SYHRE M Dt (MM DGR ARULIIRY v RUAGES Drigsgianber
15 that 1 ncludes chanber wall 15a and chanbér |id assenbly 15b. [ 002 CvD
syst emch@mbent aihasingladedéminbiebwiall dha pedhifiaphtebr 1id afgsmbdly $per si ng process
gases to a substrate (not shown) that rests on heated pedestal 12 centered

wi t hi n [pergieseveNgRRal 1&ont5as gili G btkibRidd @an@ai1fiabedildersia@ pRRedsahrmd from
an electrically conducting material in order to serve as an el ectrode for

f ol fi ndo & sebyees oy ghaying shed resbuen brptqskredesiali Focentad withiatniaess ¢hamper g

sem condu I IS It I y ve rface 12a
of podast st ATk Rg8 s caPBE el i A ISP g

| oadi n@kddrfte kaadangn plestirddeddr {ddepicd ehatiivEpGsmAdADuaing pastetipe thepr ocessi ng

position 14 (indicated hy dashed line _ in Fl G@ 4A) , . mi ch is_cl %Zelz
adj acertt'P{HIHENT. PO BICPIIUGOC AR B BAFHOTHI WH oW IEHE Fes) §8HSEI$2 Plor
provi difagedfIf10r TREERA 19%ah BE mRASHLbRRo10b1 BEWRET £1Rver 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



[ 0027] Deposition and carrier gases are introduced into chanber 15 through
perforated holes 13b of conventional flat, circular gas distribution

f acepl at ewb2a10/0¥i¢76¢ speci fically, deposition process ga®es/uskawouasho t he
chanber through inlet manifold 11, through a conventional perforated

bl ocker plate and then through holes in gas distribution facepl ate 13a.
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i nput f ] I i g - MXLENG: ] wher e
thoy. arSeR S B ARS AR GASaSLER KoV e Qe Ry lort g Eer WELS
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ther Walanalrpe@e%% 197 (BhiP L ASSBwANHBRES ARG DERESas th "Rai@SEBAMDanced process,

a RF power supply applies electrical power between gas distribution
f acepl dtmsti®entand thsqdestalcad 2o depad atassissctiiteon He prisecalsthy agmigpxdugia t o

forma plasma within the inhdrical region between.fac and
bedest atappd LT et U | THLRE Barer el § SRE rhRSRHRFRBER, Fon

r €gDON shipplGei ttyfitk@Rt stipplfiest foavep hes iigh IREAGEqUcBc ERIOg iof 13.5d@8HE @ad ki d lewon t he
surface o? the sem conduct or wafer supported on pedestal 12. The RF power
suppl y REfraquange (R 360 &HRP qpbagse tBpesoppopiaion of frasaye spesigh pitiodecssoner

at a hi. F Vi <( RE (RF2)
o 360 R ot o BRGNS, B anBinalthop R e R B ol 6 OB Lo Tt o
vacuumaahaieiocdss gad miauichienmelllypeacewsiepbdiethReepoadiins wophy st df thet  be
utilized, and the process gas mxture thermally reacts tpo depasit th

desi r edSRIqREUGHT VRS SYRPCHER OB Peqaseal i%M@Gﬂ?ﬁf&%/*éw%@e@&p%&@%816 al
pedgst alye b folMMeGuckisnr €si stively heated to provide thernmal energy for the
reaction. TO030] During a plasna-enhanced deposition process, the plasm

heat s | e process, chanber 10,. including t |1 s,0of chanmber body 15a
surrouﬁﬂ&#@ eﬁHEﬂ%?p5§§@§6§ﬁ§§8fﬁmﬁﬂﬂxgﬁﬁgﬁapﬁeg@ﬁ@%h§%§eaﬁgﬁ”Fﬁg;plasna is
not t UrdA@RLEN M finclbllih ) thedw 41 RQIF FBAMBENRE) 1159 Burbs0L8fSexhaudt Phsshiapudyd 3l S
circulated through walls 15a of process chanber 15 to maintain the chanber
at an endvheedf! velvpafaiirea thaplaspa éserjdernph or Redwidifad HgEPalskrefd®ber wal | s

15a ar eprocess, 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



not shown. Fluids used to heat chanber walls 15a include the typical fluid
types, i.e., waterbased ethylene glycol or oil-based thermal transfer
fluids. ™Wo=o0teati7’ag (referred to as heating by the "heaCTamsedangsnd )
beneficially reduces or elimnates condensati on of undesirabl e reactant

Gases. dmilher eor AT LIS Ro Orae! SHEBHE RNl & BnEOgRBRESEoRA t hoy
were tQ. 6o Q w3tk frﬁ'ﬁy Mlb§orgiceg%3;nd§>?&Hm’pﬁ%%ﬁggﬁarﬁ@g adHi&eat @ilagk into
oc mber d S n w. [

t he processing cha uring perio o gas fl 0031] The renuni nder
of the fgasonpootess gatehaver the naterdeposi dapdsit a uaifbay &fm onrled wdfieng reacti on
byproducts, is evacuated from chanber 15 by a vacuum punp (not shown).

Speci f i[@?ﬁ]y, Flolfe: 3838 Dlahut BX hausiednsradaiean 1asRLEREnsid Witishaped

orifice 16 surrounding the reaction region and into annul ar exhaust plenum
17. 5Anresharst pleatm1lG, pastl a plesvingpdi? (sotehaeh), tedughydawevygdpxisatdingeast he top of

chanber's cylindrical side 1.1 i ncl.udi ng. er di.electri,cli,ning 19 on
Che val st ! BoPega oL ekt P bRy P rieBEe s 58 bl

ci rcul a8 YSHYBIHA n@nNdh itk heteribhafcoshdets ©ihd &aendbyaaien puaipumvdshodng
inportant to achieve a uniformflow of process gases over the wafer so as

t o depabiaugh adpietiog taldoi datskewihe waf er. [0032] From exhaust plenum 17, the
gases flow underneath | ateral extension portion 2 1 of exhaust plenum 17,

past a [008yy NThPPhter éﬁ@ortﬁhﬁl‘%ﬂ)@&ﬁéd&@ﬂ@h (stoferabdy duedhendiengnigas passage 23,
past vacuum shut-off val ve 24 (whose body is integrated w Lh‘;fl ower chanber
wall0 15zpmbimgiion tharepfdierrasisti vebubeased ysing nembesidad smglerlgop AROEIGCEARAFT vacuum

punp ( “éa%fg{l%\%ﬁ%i%;r@% goé&gg%egﬁ»&og@ﬂ'm@ fh( eS8 ef Ba?tQHé’l”&nce[n@@@@ilclé‘éh%rY‘@ﬁt@f

support ter (preferably alumnum ceramc, or a
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enmbedded heat er el enent conf'%ured to ma};%two full turns in the form of
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ad] acenhe houd a&hmﬁ)tassres afrol HEhs YRROGpeRb ALt Y, While an inner portion runs
on the path of a concentric circle having a smaller radius. The wiring to

ryeioar 94 Eny vara Rrgp oha Ranmerc PR sl RN alardidaren ace

and var hQsSre QibekardR@e e mbadd GWarT enaddreil BRdheasclimeiimyah@lizal alsmdng $r
al um num anodi zed al umi num or ceram c. An exanple of such a_CVD apparatus
i s descedrtaig- iAn eompiseivel aG D apparatupgs dascmipg in £9-agHegRed G- Pesypo-

Processi ggs hami&la WS BRJedstho BRIk, Hsue RRAZIES £RY, ah 5B iloBsbrated

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 contro} 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



by reference inits entirety. [0035] Lift mechanismand notor 32 (FIG 4A)
rai ses and | owers heater pedestal assenbly 12 and its wafer |ift pins 12b
as waf er swaneiwmatsf erred i nto and out of the body of clramhse002H44390 a r obot
bl ade (not shown) through insertion/renoval opening 26 in the side of
chanmber 10. Mdtor 32 raises and | owers pedestal 12 between pr o&gssi ng

posi t i sRnTAlendgas) Naepus nsEICOdaisHgepdSicrpbRm iy Hetd MO BRI | ow
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val ve, wer supply, a anber and substrate heating systens are all
cont r ol Vi@ doandardsyist dafineo tertals lsenctoneess haoimiraol6-bit des buofindvh24-hitaddgsssone
are shown. A controller relies on feedback fromoptical sensors to
det er i t he position of novabl e nechani cal assenblies such as the
throttle val ve and susceptor which are noved by appropriate notors under
t he5corf0d®1] oA syfiencontrolddricentrols @036 hel avtivites ek dwms &P ynashiyedilire nysterh he

systemcontroller includes a hard disk drive (nmenor aflo di sk drive
and a ﬁPBE%%%f&E?C“T%éYSFH’c“é?EBP S%W%i‘ﬁyg*_élsﬁ %&P@!%&i%%a%%%‘? B?/a (SBO),

anal og nfhufhrgéddablel EREEMQUEIPI 2 RRALES Pl 1§, a8€ nRARI (IS AMd alsRPPIQE,
notorcontrol | er boards. Various parts of CVD system 10 conformto the Versa

Modul arbuEtheopeaory((VB)Iss bandar kindhdlcherefy. nds deomuter peegramdagjedesgaig of

connect.or_di.nensi ons .ypes. .The VME stapndard al so _defines. the

ieghfpeli ik Rl SR by SR R A SR
sysbemeopswe Ibedls, etk podtibn, @hd bliRr peiaéicd 6Sa pdrtit e fovEsgmotticre. The
system control | er executes sgstem control software, which is a conputer

pr ogr armostpofeEdrogiams serdutertberanerapyeleiisgs teluskin frexampisnd fpPPPAisk 6F abl v,
the marE)%% ahSth& %ﬁ)rrgprﬁltesgnger A ’a]lg%)g}e JSQ& tcpg&?{lt}f tﬁ%nﬁjoﬁgr. be ot her kinds of
e conp rrp clude

menory. e rogrami S sets ‘of I1nstructions that dictate the
timng, mxture of gases, chanber pressure, chanber gg%gerature ower

C > , RF
| evel s,[083ceptiEPcepdii CPRASIIREITHR AR A SPRT Rt RIogtss 307 ?at“?rt&ﬁhﬁinbﬁ? ess.
Q her Cc%mgl:’?ﬁ% leﬂ{egwaeh@‘ﬁlgrsat cg{nﬁpg.xgé}g)ﬁ%raﬁrprm fa: fleMk6qsq b aleudhn8ierf or

exanpl e, a ppy di sk her appropriate drive, may also be used
t 0 I16perHteeonipata pnigrahicede cfr0B38]ittAn pragyems vémiondepogiutirmeadablei | m on a

substrate or a ocess‘[ror cl eani chag@ar 15 can i.ngl enent ed using a
conput eFOFFBYH gi%g%ﬁ?_c Orteﬁﬁ?prés%@gcqﬁfe _B)lzaqgﬁggec oéél?&frér I[TF%SrC al, %%Igra&? ut er
progr angQEes giddbldgropknt EQR ik Bndrd ifONVEeMtE Bifdbr GRNTPIE Sles| @adad| e
programm ng | anguage: for exanple, 68000 assenbly |anguage, C, C++, Pascal,
For t r arcogrentional text editor, and stored or embodied in a computer usablé 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



others. Suitable programcode is entered into a single file, or nultiple
files, using a conventional text editor, and stored or enbodied in a
conput er weabloewimzdi um such as a nenory system of the ®ompstew/0443h0t he
entered code text is in a high I evel |anguage, the code is conpiled, and

the resultant conpiler code is then li.nked with an object d f
pr econpiftey onPeR g@%f%WH@W‘F%C Ng lglﬁl&hf%e‘??or?r%; %&%g’t%@gf’ﬁ%cr‘fqnnked,

conpi | %’d@@iaf&i 5i35Hi b BorFith AL P Btk Y B Gkt P BRIRCUisEIY SoreGRUSING 1 he
conputer systemto [oad the code In nenory. The CPU then reads and executes

t he c]?dlevit:gs, peatf srafidyheartl amkiesel, deother patingortdosnpurogptiamde 06,383y behesed
interface between a user and the controller is via a onj.taor 5 and
|ight pavieasol o ahadthiehioptea! PRI ORI “’é‘ﬁwi ‘i“e 45 ?ﬂﬁ?ﬁ“ﬂ“&&a i‘g@} !’%‘:8‘?“@ Y&
system noni tor and CVD system 10 in a substrate processing system which
may5i n¢00dd JriE. A showe retheeipdassna genetatng Ofmadunt @hmamg@nﬁgbtmr%m tors

50a are,used,, one unt ed. i he cl ean omwal l,. far t ors and the
other BBHTAT FrECHe HprisyiatOf ool Lo M FuhBolLEEe

si nul t aneaileaddhePbaoLRE SRR Plather SEakiaeit, 60t lidaksmbIe 5bj gitlesiieen HOb i s
enabled. A light sensor in the tip of Iig)ht pen 50b detects |light emtted

by CI;T HiGsphayrdapior §4lieopicall parade ofimstal s Epsagevery Puneprishired prévesser at or

t ouches .a desj gnat ed_ ar t\he . di - r n on pen
s0b.  THERELEREAT 1Y BuPRan s VL FEHRY 1h SRR p AL ARUTLRT on P
scneen digribli sl @yecthid ¢ OFIA. miA) g Miamgdey pati0dncibédsweiemg ingerl Tdispgsed and t he
di splay screen. O her devices, such as a keyboard,. nDTse, r ot her pointing
or comitfifeasiobnl YENKIBS Dlagk JOTBIXNRERFOLTHS t2aE- HfCrammici! @ﬁﬁé)‘is (B?ﬁacf | i ght pen
50b to G j c roelhlgte i 4A
B A I i
chanbermade dfrcletmhhin gngasl didt asi AluOi 9% aeety).dieglon®@aoard lias Whestinitidledi on

mani fold 11. Munting adaptor 64 unts renote. plasnm nerat or .60 lid
RS enbIPIBHISVES e SERHC 139 D WA THBLH LY B% T e ey bt Lo Ty HEdsSEs
metgl . RAsSagRMANISR0l 64 GORfhidHesbvhetvesn adaRtuibd nandold d @ssembly 15b.
M xi ng device 70 is coupled to the upstream si de of ?as di stribution

mani f ol wininizg Fpaotamyal foviadepepddey pleema o forel ipdidsssenbingSh as@ptusyed ii sposed

inside a slot.qf ,a mxing block f b X LG 1 sol ator
56 1 5. pracanariBen blR: e e e Al A BB Biees BB R s ")
Cer am Ghiam@bat DEiHRS direythe thivdgh edmete peasani generatoecdal such as Al O (99%
purity), Teflon(r), or the like. Wen installed, m xing device 70 and

ceram C[Obl?ﬂl akQ&g@%lma éteE{QtMOtis AsitBE 4 EShpRe /AR VndRRd uhi WAL bE6
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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i sol ates netal adaptor 64 from m xing device 70 and gas distribution

mani fold 11 to mnimze the potential for a secondary plasma to formin lid
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st at ed eferémiceo VemetigdV alcheles a pluralitystf at@dmehndeandsretangwnpasibe grecltser upper
and lower limts of these snaller rang%}s] may iqd enggntlé bt ingili‘;l:éj d or
excl udedeiufes IFETERER R NG RuMEE I TS AN EF B VAT h HFTCOA ST THA O BPShR imts
ar g 4 nciugedrti dtsbeosial | er ranges is al so enconpassed within the

i nvention, subject to any specifically excluded Ilimt in the stated range.

Where t ated range .i ncl udes. on .hot h. he. | im.ts, ; xcl udi ng
el ther B Ebe oy MRNAGe: [ttR s PRmpliRg ek " e Bl RO e
her ei n ah¢h igedtihehiappemidedochmi ifthe fHRwShngainas ark artersdetiad spécéfiy'the and "t he”

i nclude plural referents unless the context cl %arlﬁ/ CH ct at es, ot herw se.
Thus, f]gf,ese@ggﬁﬁtét,ed features, integers, components, or steps, out 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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reference to "a nethod" includes a plurality of such nethods and reference
to "the precursor” includes reference to one or nore precursors and
equi val enwe 20tvemneots known to those skilled in the art, aod/useooundsno [ 0045]

Al so, the words "conprise", "conprising”, "include", "including", and
“includes” when used in this specification and in the following clains are
i ntend : :presence of stated features, integers, conponents,

or steps, but they do not preclude the presence or addition of one or nore

other features, integexYep&RRONERLE forSERRASng A6k&s bANdWY SUPRaiiiAIver @
CLAIMED IS: 1. A deposition nmethod for releasing a stress buildup of a

f eat ur escov@mdactsesrbsioatd wdthatielsetbis mrastrial vihe Feadlire insbudinglingstseparatied by e
feature in Iudi@%¥lines.separated by a gap, the nethod conprising: formng
a Iineﬁﬁpaﬁﬁfn% YRR %At ure on the semiconductor substrate in a chanber;

rel easing a stresgrffngta@iel 1936F oveRYIRY fe@Ed of he skealontectbosubktbat andi al |y
reduce bending of the lines of the feature; and depositing a dielectric

filmovwdambhg stress-rel eased liner layer to substantially fill the gap of

the feature. 2. The deposjti t ' ' g th
Stress of the |inoret gy risc URELie? % hTehbb Rl G Bk FUORAE, e

for a piepdpigeIrmmdiettsiof R fedure] Bgd deposi tion nethod of claim 1 wherein
rel easing the stress of the liner layer includes annealing the Iinef | ayer
with a tenperat ur€ppsibng alilgctac e averdhp eiress uelgases liapolayeripoprseantially tThe

deposi t4 aim1 wherein the lines of the feature have a line
wi dt h d¢ﬁg§§%¥qﬁgﬁﬂ%?%#Lless. 5. The deposition nethod of claim4 wherein

the lines of the feature have an aspect ratio of about 10 or nore. 6. The
deposi ti on nmet hod2.of cTla dapbsivhe neithmod dfeldinewhémirereldasing testegnt Plaht y
conf or nal ?ver_t e fg@ture of the se%%cgndﬁctor sugstrale

P 82

L 7. The
deposi t 157 1%t Gt st 19UPR it AnsRAReR i HdPT # BAFCIRINgd e,
3. The deposition method of claim 1 wherein releasing the stress of the

liner layer includes annealing the liner layer with a temperature from about a room

temperature to about 1000°C.

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

a line width of about 40 nm or less.

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 1s

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.

0. 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.
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than the dielectric film 8. The deposition nethod of claim?7 wherein the
dielectric filmis a flowable dielectric material. 9. The deposition nethod
of cl ai mwowhavmi4rét he |iner |ayer has a thickness betweemsbaatsBonm and
about 10 nmon a sidewall of the lines of the feature.10. The deposition
met hod of claim1 wherein the stress is between about 50 MPa and about 500

MPa. 11. A nethod for preventing a sem conductor structure from bendi ng
during a dielectri® de ?lecﬁoélﬁ,ontnl"?éh%g‘}c‘f mc]oWB?riegﬁ g SUESSATRTY SR 490HEr

| ayer mpta%dﬁgmtcg@@%g'or structure on a sem conductor substrate in a

chanbe erein the sem conductor structure includes lines having a |line

w dth of about 40 nmor |ess and an aspect ratio of about 10 or nore;

rel easi ng a streskl.of Aheethochér praygeiin®y samichredustrisgoeidigdten bsedingt ure to

substantial ly reducedgbendi ng{the ines of. the sem conductor structure; and
I

. |
deposi t 4’1"6’556? FelSAEE deP T e 16 PEhPE FHTBUUPEt he stress-rel eased |iner |ayer

to substantially forhingh Gap 18fer bR (BE MG ORECIRkiredthldGCnl ®middhdudide met hod
of claim 11l wherein releasing the stress of the liner layer includes idling

t he |i n@bstraiy ey a thanbee, ehrapibdhe feoricendycmd stre¢twicnegluddsrimes havingadingret hod of

claim 11. wherein | easi;ng .the stress .of .the lLiner |ayer includes annealing
the Ii n\@‘rdmgéag)rou\tmﬁ(?ﬂmaortl% 8?3{1 dvRs cfﬁ,agﬁ]oggg%%t 15'9 F (%%ét enperature to about

10000C. 14. The neidaodgafstredsadfihelinethgye@ohertthesdrhioefiducay eirudtBresybst anti al |y
conformal over the feature of the senm conductor substrate. 15. The net hod

of cl ai Wb3antRbredycethsading feg linagypd thenggnieoOndHeiek ek Bedifleen about 2 nm and
about 10 nmon a $j I el f r T hod of
claim 1l wherein %ﬁggﬁgﬁ% gsfg)fwansaﬂb%%lﬁgga fg%lo%?gﬁ%%%—%lneg;egb%%? j%\‘%'gg[toNPa.

substantially fill a gap of the semiconductor structure.

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

includes idling the liner layer in the chamber for a predetermined time.

13. The method of claim 11 wherein releasing the stress of the liner layer
includes annealing the liner layer with a temperature from about a room temperature to about

1000°C.

14. The method of claim 11 wherein the liner layer is substantially

conformal over the feature of the semiconductor substrate.

15. The method of claim 11 wherein the liner layer has a thickness

between about 2 nm and about 10 nm on a sidewall of the lines of the feature.

16. The method of claim 11 wherein the stress is between about 50 MPa

and about 500 MPa.
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