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| ngl GAPHILL ANBICOIYFORMAT6 FAhMA PPEd C AREQNSL
VAPOR DEPCSI TI ON OF H GH QUALI TY FLOWM LI KE SI LI CON
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U.S. Provisional patent application and the rel ated

applications are herein incorporated by reference for
wa@bkdo7pusposes. BACKGROUND OF THE | NVENTI ON [ 00BC1/Us1907/069897

depositions of dielectric filnms, it is often desirable

to forma highly conformal |ayer that has good

A MO FQRABEF OSTTING AP, CORENG LGh-RANINS FoR
(i SO AND CORFQRMRLL LA R LG Safcius ™

gqualities in a sinple deposition. In silicon oxide
di el ectric depositions, highly conformal filns

typi cal | yripeRBPARENCEN POREBA EEH HPriJCchRgbNR! | ow

the filmto mgrate 1nto gaps, voids and seans.
[OOOIH-b\/KElusaapplmmamcl{umsrthe bértehit gbld@. Provwsiaeh ApptieatioatNa $0/803,489

by MR e Piscindme 20xani And e Ea S HAORHGR sbedsrrairbb
CURINGLOW!R FIMS 'F@I@GDQIFIDE@END ¢ERIBORMAIS FEEM APPLICATIONS”.

| ow- noi sture oxide filns typically have | ower k-val ues
This appticatieRRs also talatad to eo-assignod V. Poendsipoal AppniNeg6Q/89342h by Ingle

et a, fEATeY o 0o e hled SCHRRACAIRRDR DEPURILIDAN PRGHEH

QUA]IPFS& FEO@V&H{EOSIEI@@NQBIGXIDESUSINGfA SHIICON CEROSAINING
conf or mal g@rrmstureﬂlmandthen anneal it to

PREGIERBVR AND| AHMIG QY (GE'. ofhig #npligatiaris alsaueelated to U.S.
Prov1§]1|8%%1?4?pé>n%§?oantlﬁP.e%%?éndé’;p%érg ﬁnea & rl],gﬁleci Mc?y(3£) 2006 and titled “A

NOVEL@ER@@EI@N-DMSM\ EURECY 0QLE PROGESR GIOBNHANEB [FILM
osited oxide layer is raised to a tenperature

QUALREY DT IGRN BEARD & hoarddion b apolieitios Ieiripes @iles.
Prov188{1al%vygthlagtld a%g §0/ %32)0 E SJQI ]ﬂfb%#ﬁl%k? rfﬁgdgi\/fa? g@m&l‘@qmd

“PROGHESS CHAMBERE(R DIELECTRIO GAPHIUE”| @yeentird bentests of the priority
is an anneal ed sil.i con &él de |l ayer that i npre dense

U.S. Broyisipsbpaiet @pplicasipr gud thegelated ﬁaplcqatlens arg AgeHYngOTPRiRkRd by
)uhvm B the initially deposited oxide film
referé[ﬁg%gdzf & ntional thermal anneals are nore efficient
when the anneal tenperature is higher. A

hi gh-tenperature anneal at over 1000 C breaks down

si | anol bonds angreyREYMND ©F TREINYENTIONN a deposi t ed
oxide layer at a significantly higher rate than a 300C

[0002) nniealepositienshifgiicdectniefimsalit is aften ddsirble e farmen Lighlyaionformal

and i.ncreases the effici f.th
layer FRANBReRoO T RS G e W EYP Lok 308 Pl Bfn ¥t e o
high ﬁﬂlll a8GaY, #abRSHet hATER rattOYERRYP ﬂ%fbﬁhﬁﬁt@y,‘ tﬁeﬂefﬁ@e few (if any)
fabrication process. For exanple, if the thermnal

Stamwm@@halwhai@pm@upe:llftbcmabtmsah aisimerle depasitioni dn eidicen exide
diele tg%{g@ogﬁﬁ) Igglﬂy F?}{f}e Fg?qvﬁwg rtrgatﬁgaglgl havc(:e 300({ How characteristics that

allow the film to migrate into gaps, voids and seams. However, oxide films with good flow

characteristics also tend to have high water and silanol (i.e., Si-OH) concentrations, which
increase the k-value and WERR of the film. On the other hand, depositions of low-moisture
oxide films typically have lower k-values and WERRs, but are also more prone to forming

gaps and seams due to their reduced flowability.



10

15

20

25

30

may be 400 C or less. In sone instances, thernal
budgets that | ow can nake thernmal annealing

w0 pprasBical due to the |ong anneal tines. [OO0RSI/UYY6TI069897
hi gh-tenperature anneals are inpractical a second

I|n nEIhod nyol vi n hi nsity plasma nma
100030 Gt oniigne thdehsieneton Betier piabiapd i g sihcon oxide
films,S4 fiks€ Rd&pekide cbﬂ%ﬁﬁal'}ﬁglﬁﬂﬁﬁﬁﬁﬁg filrR aﬁd ﬁieﬁ RnAGD ﬁ't6 Yemove at least a

‘plasma typically formed from the breakdown of | ner
portionad e Watke Tied conveatichah pgealingivathgdsl arsa(l) ih[ghelsnfpemmIe thermal

annealip A T2 B ot PRt an P DDA 1 deposited oide
layer 43BIQEd toARBRErah RERBERL AN B fibdht mng{imdﬁf@ﬁdlwrerih e&aperaaé@out of

generally lower than for thermal anneals, and can
the laygre @11a@plmm|armal$cdhrok¢n Mmm watsnandhSi-Qdiong, dgt at least some

of thlsg ‘g{g%} %]?(56 gstccglng(%? Io%(%dlj:g :'fgcg geesl;ll g I Caﬁﬁgﬁarimihcon oxide layer

that mamkeaieﬁ@er Hdmbe letb‘etridally heumﬁn% ¢.d.,iHafin \éhe%tdle-p@ﬁl& th&g the
gure silicon oxide |ayer e break own and renoval
initialf depgpitrsrpxide flmjesi r abl e out come for a pl asma anneal .
However, for lowk oxide filns that incorporate carbon
[0004] O d:omenuddabthefredlenhedls:are et afficient whbe theameedl aémperaune is
carbon renoval by the plasma_can damage the fi

higher. nd fegfisieRtperaire L@nwﬂ aleover K90 Cibreake dpwn gilgnod Bomrand evaporates
mmst%l@qT h r'&?fl): s?t@fﬂ BRide MRS QS A DR lﬁ%r f%é ﬂﬁh% yeﬁl. The

ns at | ow t enperatadre out a verse
higheafeheohl rage dhoetenk the enriaal tme and frerdasesfthée efﬁcienuyabﬁﬂlleahseal step

e o s UG o R TR ik B
in the[ﬁ%alogmgésm} %xé?ﬁc})lé NetHe NG RHal ShehIS bide p@HBﬁl‘i’éiilSorpe{n inter-

rralnga3| I con oOxi aer on a substrateé.
metalrdg¢laids (IMD) lapier degesifed rowmngeuahlenqs; thie M@a@uweceilmgefpr e anneal

t he suybstrat |nareact| e reactin n
may e B OE 5ol SPednr S e i ARl 4R 10 G 25h bife tgmal
anneﬂleg%piabﬂ@alaeafdﬁh@nbr@raeﬁémlﬁle@n the substrate. The

atom ¢ oxygen precursor may be generated outside the

amber . Th th
10003 p o ieB BBy Al af et s Soh 8 St SR
invol@ihg la@%h- déﬂ@ﬂ?' PHEDS Ny HehBed i Ini thRnéXdd) thd 1ﬁ§tﬁllyﬂ@p@i’ted silicon
i nduced coupl ed pl asna. WLagOO8 Enbodi nents of the
oxidei lpyes g ¢xpased to@ high-fensity miasma dwieallyriorpedhizom the brealglpwn of inert
a g
s SR o OB By T ARSIRAR A HELA T nd

cause'th@aishupios basimb]l Byhds @ad teniyabof witernvapon XX gesal temperatures in
precursor and a silicon g ecursor and depositi

high-fensily pismaaEtsrie Iy doverdhan 19g thegpal anppgls.an ﬁﬁ%g%s&%éﬁ anneal
oxiddBIGEW B Tow B budget constraints.

[0006] The highly energetic plasma particles can also disrupt carbon-silicon and carbon-
carbon bonds in the oxide film. When depositing a pure silicon oxide layer, the breakdown
and removal of carbon is a desirable outcome for a plasma anneal. However, for low-k oxide
films that incorporate carbon to lower the dielectric constant of the material, carbon removal
by the plasma can damage the film by increasing its k-value. Thus, there is a need for

additional annealing methods that can efficiently cure dielectric films at low temperatures
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generated outside the reaction chanber. The nethods
may al so include exposing the silicon oxide |ayer to
wabkdora403r®l et |ight, and exposing the silicon BXi/U§2007/069897
| ayer to an induced coupled plasma. [0009] Enbodi nents
.. of the invention still . further jnclude nethods of )
Wlthowtea&asliswr%feeaw the disheirifgeopstan ?féew-lbwa@@alsag i a9 ogher issues
are adWRE&L Jd@thénts SPe %%s@ﬁqﬁvéﬁﬁ}ﬂn.' ncl ude providing the
substrate wafer to an HDP- CVD process chanber where
t he deposition of the silicon oxide |ayer occurs, and
providing a renote plasma generation unit outside the
HDP- CVD pr ocegRIEFSORBVARYOF I IeVENGIOR generation
unit may be used to generate an atom c oxygen

[0007hr dimbrogignents af the dnvenpon ingtide anethals ldbmaRing axilieomgxide layer on a

chamber. The net.hod .al so incl ud uppl vin .
subst 4 S g R LIPS B s B MRty et in o
reactideHa@nHeh By Sdactif@in BoREI6S@En prdutsbeart DElliConOprk@esor and

precursor react to formthe silicaon oxide |ayer on the
deposiieractian peadupisondhe subshiatex The aloaye pPXYSENEANERer My be

. ¢ o . e
sencrl S PRNEAalY, BEpREY LTRAN R0 PAEAOTUE Rafld f Son
oxidellf}@r hityrmperatae be st 800MCsordéss pdiduixp3RtHeGilidoa wikideQfyer to an
) C for about 1 mnute to about 30 m nutes. Then, a
inducedeqiipted M3 namy be performed on the deposited oxide

| ayer, where the second anneal includes exposing the
[0008] ayEmbddimentk bfjthedeventidy alao geiudelmethedsfofformiiogt silicon oxide layer

m nute o about 10 m putes.[.0010] .Additipnal .
on 2 SuREA: rﬁé}ﬂ@eﬁﬂ@s Peut e T n%éte SFI%FPPWX}‘ﬁ?qW ©nithe pgrate in a
reactiG® SSnhtid 'o? ?ea{cﬂﬁ% ath HohBVSxyeRR PrdclrsBRltd Y4ilitorPReOHSor and

apparent to those sklllealln the art upon exam nation
depositing reactimpgroductsatn the substratgy The atoszc neyenypreduesop nsaythec e

of .the.jinvention. The fegture nd advant ages of .the ...
generid ahSids s RgotRs shamber, cEheaniadt el Ky g sxeosige fif giticon
oxidel 18k idABALAblEL i @S, an@%ﬂ'gd) 1he BHicoR BLida Bl yRP tSandiagfdel Rethled

in the specification. BRI DESCRI PTI ON OF THE
plasmBRAW NGS [ 0011] A further understanding of the nature

and advant ages of the present invention nmay be
[0009] € hB&HmBNs bE fiRIif R ioh till RetHee fitiutie Mgkthestof dsgostingt dnd

specification and the drawi ngs wherein |ike reference .
anneatipg@rsiicen gxisledayss on nlgisbstiait el heapethads @ayigichyls preyiding the

refer I i | - 4 :
substlgi sk FITDE RV DIFREREHsfoct BATE: MARLRRESE heilipon oxide
layer b&dur§\Wad prdvyding b rériotd prasing genetatidn wnit diitsitletiHDP-EVD process

components. \Wen reference is made to a reference,

chamherrelihg rempledasmasgsaenation Bt BRY 06 Ut (@ 8eRepiignsiBPisis8ysen
precu%%ﬁ%}ga}] %%Eﬁlge%dtottﬂe HBPEEVDHDroldss Stibtibelirhd Rlofhodl fal @lso include

supplying a silicon precursor to the HDP-CVD process chamber, where the silicon precursor

and the atomic oxygen precursor react to form the silicon oxide layer on the wafer. After the
silicon oxide layer is formed, a first anneal may be performed on the deposited silicon oxide
layer, where the first anneal includes heating the layer to a temperature of about 300°C to
about 600°C for about 1 minute to about 30 minutes. Then, a second anneal may be
performed on the deposited oxide layer, where the second anneal includes exposing the layer

to a high-density argon plasma for about 1 minute to about 10 minutes.
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[0012] Fig. 1 is a flowhart showi ng selected steps in

a dielectric deposition and anneal according to
wepdodsasent s of the invention; [0013] Fig. 2 iBCEHUS2007/069897

fl omchart show ng selected steps in a dieIectric

[001 OEW'M gt’?l g 1{1)22{5 %a/ arg%rgare ?g}?fgg 11%?%? {ngilhg es&nptlon that
follovJsI SRkt v%ﬁl%%&ﬁe §?ﬂa§&{t%jth%géefiélléﬂnqgéj£@ hﬁ&{ &dafination of the

déposi tion and UV/ plasma anneal accordi ng
specifeqationd brmeay be tbffamddéoy the praciicagf t[l@ﬁﬂla}tldﬁ dChe4eitsrea and advantages
f.l owchart show.n ecte ste a.myltil
of the GRS Fi% PASHUGF FOhSAREY HeR R R MR preifes.
combRGfeHsd hittmbMo8 Qe PERITh$hddp eklfﬂi%aﬁthentl on; [0016] Fig.
5Ais a sinplified dlagran1of a hi gh- denS|ty pl asma
chem cal vapor deposition (HDPCVD) system according to
enbodi ments of the invention; [0017] Fig. 5Bis a
SI npl i fi ed CBRESF BESUCRIPTIUN @F EMBMRAWINGSAS i ng
be used in conjunction with an HDP- CVD system

[001 1110 e% ﬁg“rah?g underetprstieg ﬂfeth@ gatgre andeadyantegesiod the qrewsntventipn may
|

v e By B el M PO R ERRIPIR 0 o ARk

wheréih like pafierehde-riuvieraly Sieeﬁe@ﬂﬁ@[glhbﬂ’ghé severd) fdﬁhvﬂﬁgd o refer td@milar

i nvention; and[0019] Fi 5D is a sinpli f| ed schemati ¢
compepens, Iwams Igstaces, aﬁP‘b‘é dds asseipted IWétlh yrgteEgive DPmetgh an

follov%%\?féy(r@{l n fo &%%%EA?%%&%‘E{;%&I PT?%%B%'QHE}%%SQ' | WKI%V%I}\I'I' Rference is made to a

referenfORherslwithom spevificativh oelan ewistingessblabéled i mtended to refer to all
l tistage anneal s of silicon oxide |ayers. The
Sudlﬁﬁiﬂﬁ%ﬁﬁgérﬁﬁﬁegﬁn Sernits the efficient renoval of
moi sture and silanol groups froman oxide |ayer
[0012}i tFiguk 1sraetlpwqhartg;hbwvg1lg stkented sepsiinesdigkscigic deposition and anneal
era ' cess of 600C). The nultistage anneal
accorﬁﬂ&ﬁ 5165 quf:ﬁ%etmg?lﬁ'é’el anneal that increases the
hardness of the layer and renoves a portjon of the

[0013)pi BEWwd & aflew Qhart@dwm}spleg‘qeé gfsns 1%@e]§cg@@@n%l@ﬂh§@
themwﬂpﬁfra?én“s?e%a&e”“ SRl ghuRldknbe el 0l ng

groups ucé d hard oxide
| ayer reater than 1 GPa) . with good dlelectrlc

[0014dhalflac$ i B (sBoying selegier steps gs%dlﬁ}?atﬂca%epw[l ad
N
ovielifs e apR-gY %ﬁ*’%@%ﬂﬁstﬁﬁ ﬂféﬁflﬁ&&bﬁgugﬂ by ﬁw (

dlelectrlc Iayer vvlthout U|r|ng hlﬂﬂ atu
[0018); Figndyisanemgh aﬁsll?emgéebecte Seesite? MURLAY

them{; ?/‘glé:lgﬁg?%a? Q&B‘f’dlﬂé RO%rhi ik X bEe iA¥%atiSn; t he f I rst

31tion and

[0016] Fig. 5A is a simplified diagram of a high-density plasma chemical vapor deposition
(HDPCVD) system according to embodiments of the invention;

[0017] Fig. 5B is a simplified cross-section of an example of gas ring that may be used in

conjunction with an HDP-CVD system according to embodiments of the invention;

[0018] Fig. 5C is a simplified diagram of an example of a monitor and light pen system that
may be used in conjunction with an HDP-CVD system according to embodiments of the

invention; and
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the anneal hardens the soft firmto the point that a
subsequent anneal stage (or stages) does not break

WG@lor/180306 r enove enough carbon to rai se signi fPCENS1097/069897
the k-value of the layer. Thus, |owtenperature and

ighly. efficiep | sture renoval  anneal methods such
l0019Es%-ﬁ@ﬁﬁ@pﬂéfﬁhﬁma%mxmlﬁ A FEREPS? FPntfpdler to control an
HDP-EVIP §stdih 5cRfdindMd SbEdimeRtR bR Shedtibhe | owk
chardcteristics of carbon containing silicon oxide
dielectric layers. Exenplary Oxide Layer Deposition
and Anneal Processes [0022] Fig. 1 shows a flowchart

that has SpEIAIEEDIDESSRIFTIONIOE e INCENFPONi tion and
nneal method 100 according to enbodi rents of the

a
[0020f n\Brtemsand methads arppdesaiiedrfaymulistage angralsaf gilisgn gxide layers.

he i ShacSBEI Bl B B0FGE Bkt ALEARIREE Pl ieflos hom an

oxideWafe witholStgdtiag highhempetbihitdsdt.gs tanperitane irstxdesd off6®9°C). The
formed thereon that include gaps, trenches, steps

multigiage anngglampyAaplude 2 figyt s9ae apreabthat igereptss ghe hiardnegs of e fayer and

oy 35 S5 QnE sl RCA
removes tniayd (i€ aet allp tHehremainirsg maiseire amt laydnoxd groeps ta produce a hard
.. chanber 104. The silican precursor i nclude one or
oxidefgieE (o BGAISE BHD 41 GR ) dﬂﬂ» sj)gﬁ&éql?q%ﬁ%ﬁwbﬁmfe-%ﬁww less
thmﬁ@ non- car bon containing silicon conpound such as
ilane (SiH4) . The organo-silicon containing

o0a1] TSR e 8 bR b 5 5 B oo
high-QE3i@1 asW likediBlestkib !léa@f‘wﬁ)ch&i“t%@ﬁﬁﬁ% R®Y temperatures or long anneal times
I'ncl’udedi met hyl si I"'ane, trinmethylsilane,
(e.g., gotatea themni6Pl minutesk | Faticatbloy lcenthiming low-k oxide layers, the first stage of
t etranet hyl or silicate MOS
the r e SARERRS His AP o RS TREES SUbBRaPSMRSA! FiAEs (9isiasse) does
not bfeEMISVn af€ teaitilelnbestrd b toasisé sxaifiearMEd Bvalue of the layer.
t et ramet hyl cycl ot etrasi | oxane ( TOMCAT

S), DVDMOS, DEMS,

Thus fewHgmpetafuse h@ﬂ(bﬁghlyafﬁd@m@?t}lf@dﬁ@?yﬂcﬁ)nﬁéﬁﬂ myatlqds speh as high-
. henvl si | 1 :

dens RN . B P S8 S PR A ok

chara8tefigtidsi Flcai®of cogthidiey sdlicodwxidegli¢learit Myesduction to the
deposition chanber. A carrier gas may be an inactive

und i ith the f ti
Exerify e ERRP DRRL MM Bl Beses® D e o
[0022((:]3 [j];‘ i{ggtﬁlg%%%s ﬂé\gﬁ{g%tgt %ttfl}e?lé :séiénqgcggggstig(agrégﬁg%ﬁg ngosition and anneal
meth??; g&gﬁ%ﬁﬁ?ﬁ?{o@rﬁ%dﬂﬁ&ﬁmeE ifVRMtiGH. SPhifiethbd ﬁg@ﬁf_?z gndlﬁﬁe

strate contal ning reaction chanber 106. .
providitggemafensubairate bga gepositioashamber 108 c Wiafer subsinites mgy instnde

t hat was renng el ener at ed tsi he deposiftian
200meR B e LY S el OB DGt g et formed

thereon that include gaps, trenches, steps, etc., with aspect rations of 2:1 or more, 5:1 or

—

more, 7:1 or more, 10:1 or more, 13:1 or more, 15:1 or more, and so on.

[0023] The silicon precursor may be introduced to the substrate containing reaction
chamber 104. The silicon precursor may include one or more carbon-containing organo-
silicon compound, and/or a non-carbon containing silicon compound such as silane (SiHy).
The organo-silicon containing compounds may include those with direct Si-C bonding and/or

those with Si-O-C bonding. Examples of organosilane silicon precursors may include

6
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the di ssociation of a precursor such as nol ecul ar
oxygen (Q2), ozone (O3), an nitrogenoxygen conpound
W@ 2009/1403N0, NCO2, N2O, etc.), a hydrogen- oxygenPCDIRMOTIOh897

(e.g., HO H2Q2, etc.), a carbon-oxygen conpound
) éeﬁi?" CO C2, etc.), as well as other oxygen .
dimethylsifanenfrimthpelane e amethnsiawndistylsgase, sriragcisiohpsiicate

| @t enerate -

(MM ERINEBITRAR GHOY), Qerp Ry SERRTOMSE
octamathyboyclosdtiasitoxant (OB TH) ctetrhmgthylcgelstetrasi bixana (T QIVIA/ATS),

pMORIGE TRl Bl P e QA rpeay A ¥ Rgnind phenylsilane,

andnﬁ;ﬁh}égr@ﬁer@gfggﬁonge&tﬁem in a renote plasnma generating
chanber and i ntTroduci ng the oxygen precursor to the

I ma to nerate the atonmc. o n precurspr 0027] .
10024 A e On G SoHereh B PR O P H AT ASRTEE g5 Bprec ot it
introdAt@& O -thé Hépb@i@ioﬁ ICB&HPGOASc i€ g9 im beas iRakioE %a&b@ihf‘dbes not

introduced to the deposition chanber. The precursors

undulprggtedere avith the foymatipe pf thisogidsHilmeqrpthe sebsiipigt iBxiamples of carrier
separated precursor inlets distn buted around reaction
gases Jciisdefitim peatt %%%P’e%“qtl}’fgmagte{éi#‘@’ %%x‘g%%tﬁ%rr 885 sor may

enter froman inlet (or inlets) at the top of the .
[0025¢ h b e¥yZERGOPBHIRG HrselsYimatalss balbodugeddo thasybstratecontaining

. i t i A .
a0 THELS RS e AR SO v
remotslif deheateddudsiddtht depdsitpnsshhinben Theetamis@xygaymenbe generated by

fromone or nore inlets around the sides of the .
the digrosistiph Phm PEEIsRRTICh ThEolsepler oxyaep (M) geqner(Re): £ Bifrasgen-

ofL. N i
oxyelBrlcl P PRE NG R 0Tl S AR BB LR 2 2O,
H, 0, partiiychi caeuinsoxygen coiepamdde.gg CGhé @y, eai) casoxglharotherdxygen
si.licon ?recu sors. through separate ports of a
contaiing PrepyFqrs ARG GUPHaaRense Pfeéwg?ﬂﬁr e, a shower head
posi ti onedabove the substrate may include a pattern of
[0026d pePhendjssofiation hEthp peesurseniosgeneratarthe atoptie oxygeognay alsp be done

chambher. . ne bs.e f. .openi.ngs may, be supplied by the

by e s gEr BB Dgh Ry rom "oy en R SHE Bish ik, iibing

other AREIARI PldsthaThidRBEik®sh MYy fv81veistrilGANa PIaSitil fived helium, argon, etc.,

_ Precursors traveling through different sets of openin

in a remgtelpdashiagederpting chambst and niroducing Belosysarreeurgstite thegplasma to
into the.deposition chanber. Additional details about

gene@t}ﬁﬁ%atgﬁl&c %’5’§GER§608¥S°%recursor handl i ng equi pnent is
described in a co-assigned U S, Provisional Patent

[0027Ap plni ezzhodipenisnof methad ﬂgQ,ﬁh@ata@&@tygﬁm ARk oreapy-silicon precursors

e S5 R B P TS, S o
the cliinitse trowgich aratd spatiallyhsepsratet peccarsot #dts disfribatidehowrdeeaction

hereby i ncorporated by reference for all pur p.Ofe T
chamber. For example, the atomic oXygen precursor may enter from an inlet ?or inlets) at the

top of the chamber and positioned directly above the substrate. The inlet directs the flow of
the oxygen precursor in a direction perpendicular to the substrate deposition surface.
Meanwhile, the silicon precursor may enter from one or more inlets around the sides of the
deposition chamber. The inlets may direct the flow of the silicon precursor in a direction

approximately parallel to the deposition surface.

[0028] Additional embodiments include sending the atomic oxygen and silicon precursors

through separate ports of a multi-port showerhead. For example, a showerhead positioned
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[0029] As the atom c oxygen and silicon precursors

react in the deposition chanber, they formthe silicon
w@xi0da4d3aeyer on the substrate deposition surf aPer/L8BN7/069897

During the initial deposition, the substrate may be

nst ant d relatlvely | ow t enperature (e.
abovgﬁw&lg 6 WY Tsisle 2m8 apaftesn of-ppghings &re RWHW werﬁla%
depoﬁﬁgﬁ thier f b%\é@ﬁ’éslei $fyol%)eﬁ‘ﬁgs £AY bah %Bglb{) }{gat o

bottons of the gaps I uct es o
precigsarf whide a @08 pultsel ¢fwpeniggs issumd[ﬁdsbytth@ snhodin pﬂeeursor Precursors

heon er.a first an erfor
reveg iR PRGBSt et oo GTted GO ach other uncl
exiting i@t Chs spdshRontARMBES SA @fitid e dét@ﬂ@z[bouﬂ}"pg,s éﬂ'& (Iés%hs of precursor
anneal step may include heating the oxi'de |ayer for

handlipg equipmentisidescribediio ardorassigaed Saﬂ?rcmaeomal Patent Applnation having

rrral
storye e ufloés X1 EDSLRATG Y el PR SR Qe cpammeR
FORlDIEE,EdRHI(IE@APF\IHU'I efikdbatthadagnesday s thy Breseht!dplidatiod) ek entire
the oxide layer is an internetal dielectric being

conteisRishighiats\nsrebay Ancarparatad by seferencs for el puproesi]
Alternatively (or in addition) the first anneal step

[0029784s iheatomtie o&ymsa'nﬂgllicbﬁ pBdchirsonyrea iirdthe |day(§9it1drﬂchamber they
- Vi oI or. about 1 mnute to about

formﬁ#m g1 O %@Wrrpél tb q’ﬁ%{ﬁ te ggpesafion syriage Lot elavn%t}le it
depolﬁlﬁlgft?,?{ﬁ fhbggﬁtta 'n?d} oy eid“&f c&ﬁ# F h’l{cﬁreﬁgﬁé ?%w't&néé}gmre (teﬁé’ about

e 03|te oxl de m an so i ncrease
30° Cha aUanﬁgﬁ (b)f ’Eheenntual orid¢ BPSAas Ak tedlent fbowabnlatly) ard cah quivkly

n second, anneal ste be perfornmed
migrhly 5 {hg DOUPER of ooy @ e PBIGHTES S e SEBEGs T om
the oxide layer. In this anneal step 112,
[0038JubFokewing the/depbsition Of the sitisos buide layiet a Sirdt anndal may bbgerformed
emoved to a a . l.ower

10 RO S A iR oL e At i Pees ot RaitBel an gy, This

initid hroidal §Ep A9 IMRYRI MRS the@RidRdayeR fdr®oht T SImAORER minutes in an
step. This second anneal may include exposing the

inert @nvwmw .2 r ) dql Nt emvironpieat). iAsthernpal @neenl teanerzéwmn%gbe
selec rtg%t V%El ﬁleog flar?la%mvepllillp 3 fom?e@ {ahl% s%&tg:ﬁ Stl’l?CtlhI?V\gu@g ?fﬁen the

r he [0)'4 ayer as Su

ox1dé1 RiyENie af ittornictdl Wdedte bﬁhgdqﬁsited @\ﬁ:r ah akifEinfith @8tal lines.
di srupting the carbon groups present in the oxide.

[003}){' u %lteﬁl%ﬁvélg%lﬁn aﬁ@lrtlgﬁﬂr hE P 3hfdal gtgﬁ h%grlt(g}%&{ %xpoElHE the silicon

anne oes no enove enou

oxidé hgec@sdirsvighit (UVatightyfot Ateouk \tmhlllte t@ﬁbddﬁ 80 mayetes. Like the
[0033] Referri nq nowto Fig 2 fl owchart show ng
thermizd jappgadp WY apaeq] may rgmgyes P?Iftlen@ BisdneisyEe peiseent In the initially

depogllﬁ?tfdéaﬁé M%H? aﬁﬁ NEakasB R0 ARE BiHl N9 to

ment s e Invention 1's shown. The nmethod 200

003 LB P TSR3 o SR AFBSY hEBegpmed 11210
furthePX¥Glove AEdidER AR KiSRNB6AdS Rin e S:8@CTalde IRURST M ANNEGEN12,
substantially all of the moisture and silanol may be removed to give the layer a lower k-value
and lower WERR value than either the initially deposited oxide or after the layer was treated
in the first anneal step. This second anneal may include exposing the oxide layer to a plasma
that is efficient at removing water and silanol groups from the oxide. Following the first
anneal, however, the oxide layer has sufficient hardness to reduce (or prevent) the plasma

from disrupting the carbon groups present in the oxide. Thus, for low-k, carbon containing
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204 in a renote system outside the reaction chanber.
For exanple, the atom c oxygen may be generated in a
WO 20votie3hé gh- density plasma generator suppl yi nECHOSD01/@69897
6000 Watts (e.g., 5500 watts) of RF power to a
., conbi ned gas stream of argon gas flowing at, for
oxide i%Fﬁp ﬁ@,?lﬁa&ﬁm@%}o@%n%g%%%mu@ £abap faingrease signfeantly the
k-vah{e%)théciagw. ng at, for exanple, about 600 to about 1200
seem The renotely generated atom c oxygen precursor

then be introduced into . the reaction chamber 206.
10033 G R RE ROP ARG 91 ELURYT BenEbio T eCte It Ao
depositntdAg th@Aal/pasins REAEMEB8 200 B rBhE ¥ difBits BEthe invention

i ntroduced d?él m Xi ng an organo-silicon conpound (gas

is shogmn. [ThgmethodwAthineludesprowidingassubstote tosthi depagitionrchamber 202.

Then, RGO S8 B i %yt il % B ion 25 s Tbrmmbcayeen
204 it DFAMHE sybten® Biitside MREreadtion@hhinBe. o egAnRIS] the 6@Mic oxyger may

precursor such as octanethyl cycl otetrasi| oxane é )
be genegatpd 12 eEnaie highwlepsityONESIS: gecrater sepRlyingrd080 6900 Wais (e.g.,

550 3081 AP 0. A998 VP50 TS ANIEL 1 505

about©0ad €300 @cimovith inbtecllat bxyden §®L)doWiay af, farextmple, about 600 to
substrate 210. The total pressure in the chanber

aboutd P9 prgm- nBhegsermpiely ggnerated pioBiie PBRCRRYCCHESOT Fgy thepdginisoduced

into t y&iog.cﬁgﬁ%yz o about 6 Torr. Higher total pressures
e.g., 1 orr) may deposit a oxide filmwth nore

5 4o A R PGB G B0 s
preculiBF 214§ Be qrﬁ%dﬁ%&i‘@fm%ﬂ@%ﬂoﬁ%n@-ki@i%ﬂ cRAGIndYBas Jrhﬁl;}idt)) gvith a

deposition tenperature in the reaction chamber ma
carrier ghseuicly e$ hrelivomox molpculanhyinogehQ®l,)C Kor eikample, halivintmay be bubbled

ot a SNGE o5Bo/ARD IS pabty 2400 &bt s Mo PPesRiE g oreanc-
silico% gf‘elch%%ucm oP@nRR Iy cREWAsT X attd COMR) ¥ prolviteIlow of

ow ng the deposition of the |owk, oxide filma
OMCHRéo the chambenit a retepdiabout B8 te about THPGEmgmaeal may
invol ve raising the tenperature of the initially

[0035) € PO dt@dicoKiyden AryslicdnGrédiddirs a6 Wath Snedditier GDBE chamber to
e. ., about 350C to about 400C, about 380C, etc.). .
form thednitinbexids laypraethe seRsitpts2en Thedgtali nessuigen die qhqm)bpr during the

. F O ] u 1 ¥
oxiac ARGy 0L SRR 1 Byt 998, i

pressuted(el@y 1.3 (dri) mayalepodit HOIAE fi)m withanoveifldev-lileey qualitiey, while lower
undergo the thermal anneal for about 1 mnute to about .

pressyes (f §uf-8d opa ngy, deppsta merehoniranl oxide layer Rrcgusgihe atomic
oxye @I RS e HeReSbeithd (BT B UedeiBh thitltr A Tbe
relatitdle 1dvh @ grphboan h@EC ot dess). NOtide deposition rates may range from about
500A/min to about 3000A/min (e.g., 15 OOA/min). The thickness of the layer may be about
500A to about 5000A.

[0036] Following the deposition of the low-k, oxide film a thermal anneal is performed
212. This anneal may involve raising the temperature of the initially deposited oxide layer to
about 300°C to about 600°C (e.g., about 350°C to about 400°C; about 380°C, etc.). The
thermal anneal environment may include an inert atmosphere of dry nitrogen (N3), helium,

argon, efc., an the chamber pressure may be about 15 mTorr to about 760 Torr (e.g., about 50
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conpl etely renove the noi sture and silanol, the

| ayer's hardness is less than that of a conpletely
waleop7/1¢i3r@nol - free oxi de. For exanpl e, the posPET/H820NEHNI6I897

anneal f|In1nay have a hardness of about 0.5 GPa or

S | ar | th
o). Ficortid ety nid<Zes Qe BRmaL ingaiar Rpubi ghiaile s dhput 30
minutblg. | Oafboﬁt Eaimlte)t ﬁﬁd’}&l@ﬂﬂce%‘ ABedlY S¥ide Pa;\}'gr \Vﬁﬂ 143@%15‘?ure and a

post - t her mal anneal val ue of greater
hlghe{ loodmgss ﬂuaséheam@nallm dsperited fitroa lBenayse thesherel pmefabcrlcms ahot

comp?eg'ezll gelrr]nc;ngshetolggis ﬂ%q %Earﬁgg Bg‘%: ﬂﬁ\ (inr? 5% ?s&t anrﬁlaﬁ o?aa
comph‘etébﬁ tfyatiganbP free Bkids MRoi&ARIDAS, Gk JosOiReRNA aﬁﬁeamﬁ'hﬁ mdytave a
gases_such as heliumor argo he plasma may b

hardn@@r?é ehew - HGPp aolesed-&dlup @rt]@a G S(GE;D) Samdalﬂm}hmﬁlm’
dlelec%@c,ed’n%ggla ?rrﬁéﬂe}}‘h Fﬂﬁr&ﬁ%?hthﬁaqggsc%}lpfgél%gy a)f)lgg fayiro GBd may have
apost%éﬁmlhm@blawhhﬁﬁﬁi@rédﬂt}&n(@ g., about 1800 watts),

and the plasma pressure in the chanber may be about 2

[003 73@% ?echgc)l/ﬁﬁ%'ﬁ],a a%geg]-ggd: théfbd Berfcﬂ'gl%gb 1480 @ﬁreoﬁlé%aélgh(ﬁnealed

e heate on1a t o about
oxide(#yeg. Thaplestha 3@@alinaybie corglutted bpleapamnganhﬂ salfer sabsiratmm a
oxi de | 3 er may be exlgeosed to h l asma for %Eout
plasma gengrated Trom op QftTAYIC ARerpgases,igh @ H-lnﬁa’f ggpn. FTheplasma may be

generRl 5? M RiceSbudlddBN N mLEOOP LR ) 3{ 1 §eﬂefht$d"1% sktﬁXﬁ2 the@E4ction

substantially'close to zero follow ng e plasma
chamberndhk RFTiooven aasejhtegn@ﬁtetth@pllaaye maysbe abwtlﬁﬁt) iVédtisyto abeut 9600

wars S ot 8 ol S5 S S ou 2

mTorfteSdboleEmETo B@ QAboht@DSITHAN PhickwdfBr May b&hO#sd ﬁelﬁ about 350°C
to about 1. 4: Slmlarlz thekvaluefor the | ayer

to aquylo%éi Geg,@bphtaa%oécbdurmé eplasméb arheak |adfétheay<@de lm&; may be
at. the the

b b
expo i R e AL 1 ShL B Bkl SR 3 AUERD, The moisue
and smgonckﬂt@ﬁﬁﬂns il Ghe 18/cB ARWEbAar(tlallyetbae to Mird iblﬁﬁ&hﬁg? {leplasma

st egs in a dielectric deposition and UV/ pl asma_ anneal

anneakeThe Bardugss o€ therlayends substentadly the sanae %ffthi‘ttfér # Pipisiyre @pd silanol
free lg’vrﬂ 41 on'cki S(L % S,?arbg‘?tol % E}I@?}] WPﬁcfhgg %1?481 AI&C%M%SWE c’)f less than

pr oVi |ng a I’on” chanbe
2:1 (aandatganegettongown .4l préimilanyghe k&@ﬂleﬁbﬁthﬂ @@ nialdt 14ss than
|ntroduced into the depositjon chanber 6. A sjlicon

0. ‘Bhecanumealsd oxide faver gay alsg &8 gndorm eleﬁqstelaﬁﬁ Adhermal bdgef
tempér?ﬁ(’ég%lf%%talﬁehlgﬁbs@ﬁ%@? aﬁ?tﬁ 60@ reacted with the

m'c oxygen precursor o) “initial oxide |ayer

10.. Fol | owi n is initial deOS|t

100381 i S vt o et i lSisdl RO b  (hebecs i P B pd
UV/p@d'sﬁfé%né 1 ¥ 005t dl n?%@ Emiag&ﬁ%lltsﬂ?@hé inb&itiocan @%ﬁhar to

I nc es exposing the initially deposited silicon
meth@d(Z(dﬂa t}iea;lethodl 800 includes providing a substrate to the deposition chamber 302,
and generating an atomic oxygen 304 precursor that is introduced into the deposition
chamber 306. A silicon precursor (e.g., an organo-silicon compound) is also introduced to
the chamber 308, and reacted with the atomic oxygen precursor to form an initial oxide layer

310. Following this initial deposition, a two step anneal is performed to remove moisture and

silanol groups from the oxide layer.
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ultra-violet light 312. The UV light can increase the

har dness and | ower the k-value of the film by renoving
woriostien3es and breaki ng apart silanol (i.e., SiPCHYS2007/069897

bonds. For exanple, Si- OH bonds absorb UV radiation

10039 3Rt S a8 10s hetehe B TR dipatfeelisopyde laer to

ultra-vibbligh¥ey 2 DEhs UPPligie dah [1RAR2QE treNardHRELando WAL k-value of the
sources that shine light on the substrate. These W

film byireprevisg trodsurermng braakingdpar silanol ézrrp Si(3H) letmdSS Fpi gitatnple, Si-

V. ctrum of. ncI udj
OH b b BB AL BRI PR Py Al e oo
siliconmaxidt endvhtet @appr, 220 nn) Exanpl es of WV | anps
i ncl ude xenon | anps (peak em ssion wavel ength at 172

[0040? gier o %gﬁ%mgﬁgg@éugggs@ho Lo b3 nfit) pagﬁ%i{&r%,@:ggz@ t{hgfr}%gne light

on the( qubstkatat TRR2 U’i\t’mghta;mmgs oiah erclideaSV dimplihat ants hght over a

broad SPEFAUELC LUASTIES (RSTOETICL TAM e GRETE ihatiess el ntensity at a
e t

O 3530 WL SHIES P A, STl g i

wavelapgth apl 72ame), mearcmy ﬂmnpsdbeai@dﬂZéS st} deukarier knfps (peak at 140 nm),

and Pl e 5 oS GREak o GAE o e U g of OV lamps,

Add1t{HﬁQPQVrlgHE§&fr§esW 1B6uHS Rerk had BrovRI &h@reﬁ@ﬁ%@@@éﬂ& UV light
range o i ght’” that reaches the oxide [ayer.

to the@xgmjax;r Eager A;ght webmqulm@lﬁxwmcmam@lga@b@ KeE,st, etc.,
70,nm t

excimgt Aty kO RN 7 i aies PTG iy 6o LS By NeRpApdsers. U

light RWRLS ffAytaoliR@udddibidty 15k EGfcdst om about 10 seconds
to about 60 m nutes. Typical exposure times may be

oust} ATh888poduhbnb Sl 3Bt AR RSP0 Spdotp B Ttecor e
light @4 ﬂ&ﬂe@ﬁﬁfoxmyla&& abpestampds; flRrsahapbloOOGgkt itk waeclérdpths less
UV anneal ste The UV exposure rmy be done whil e the

than 17Qjrartq kepn thq Vi aanea) frorhisspsvngcshe s#ben i g 1averi um
argon, N2, N2O, ammoni a, ozone, H2O, or m xtures
[0042] heTteafxideNhgermastsusxposdd to e BV iighpiere fromtabeutdifaseterds to

oo P e B R ARl 2850 i

f
e e
25°C teeabmiun90NjCwiatiag theendV sinheah slepg Toe by expopurenajebealani gthile the

ual i t e.g. har dness GPa), k (e.g.,
oxidef 555 8 s atlpeplEre o0gRT B GFAne b N, A pzone, HO, or
mlxtmsésrﬂﬂ:@{)f t"ﬂletﬂi‘é‘ssﬁtleQﬁ" R AMBSHercZhdhé Ehaieh atidBe UWBxposure

pl asma anneal
may range from about 1 Torr to about 600 Torr.

[0043] Following the UV anneal, a plasma anneal may be performed on the oxide layer
314. This second anneal removes substantially all the remaining water and silanol groups to
provide a high quality (e.g., hardness of 1.2 GPa), low-k (e.g., k-value of about 3.0 or less)
silicon oxide layer. Similar to the plasma anneal 214 in method 200, the plasma anneal 314
may be conducted by exposing the wafer substrate to a plasma generated from one or more
inert gases such as helium or argon. The plasma may be generated by induced coupled

plasma (ICP) and may be generated in situ in the reaction chamber. The wafer may be heated
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may be conducted by exposing the wafer substrate to a

pl asma generated fromone or nore inert gases such as
whedoram3os argon. The plasma nmay be gener at ed BYT/US2007/069897

i nduced coupl ed plasma (1 CP) and nay be generated in

ity in the reaction chanber. The wafer may . be
from ghout 33 s Aaey 300 é@@l{g& S Blsma AvRRal ith?gg)@%elaps?rag%be
exposBd LR pladmd ool fFatlody B migieLTHIRASER 4rd shiRfol
plasma for about 1 to about 10 m nutes. The noisture
concepinatiags lim el layss arseubstantiabiysldsa to hero lfellesving fhe anneal.
substantially close to zero follow ng the anneal .
[0044] 0@ rrilRe hewth Fis. AONVTbR clirBwith seldctbd Sepdidratmiltildyer dielectric
selected steps in a nultilayer dielectric deposition
deposipd and dhareal/ plassaanneahdd) aceodingste smbodignants efrtho tivertinmsis
f ] [ ' h t 400. i nel udes
showy T et 300 bRl e pRA P SRR P g etlihlpelifsecg, gna

depostiiigastifsi digleatricilayset oflitled tibétrdt€ 400y Eic diBletthie 15yebsiakdka silicon
.. 404. The dielectric | ayer may be a silicon _oxide |ayer
oxideflgierEyms( by ke Teagtian of in@tonais oxy e adxgayersiliea precursor. The

. e i O v o
om0 LRSSy R B SR PIREE Slociain
of an dkypeocbathindrg gis, such ax Pge The drickaiess ofghg st oside layasm@y be about
The thi ess of t first oxide |layer may be about
50Atsab\o%tgo%%gw@b%15@5@9?5%39@&}-@ to about 20gA).
[ 0045] Fol Il owi ng the deposition, the first dielectric
[0045] ayrilowing the depuseming theifnstali¢loatris taypr may ba hinegledrin e ¢éws-step

annealie e, AP0 488° RsPA AMEEbIGaet R el el Dnerease
the ha3@feRE6f RBNBRE. PASD a 4QBndBHndAEstBS BOD AR Be per fbriddN8 Further
renove noi Sture and silanol bonds fromthe layer. This

removrayoiseraan sknel konde fomgbe fayenethipynagbp eplastatanacal performed

dielectric lLayer to an inert plasma. The tepperature
by exBpsing B gielgetidy e P adneihlornt TN Rrmriiae 8 Bgiipeute layer
may b¥3R4intathealObtou®800°C toRbeut 608N0 (. g. 356t 850°ahe ubotAO0W) during
during both steps of the anneal. The first and second

both giensedthepinnesle Thefigst agdl spcond pnecal afde finstyliglepsric layermay last
from %ogﬁgégggﬁoggf%na%%u{ A qlltlés. 10 m nutes. [0046] A second

ayer nay en be formed 410 on the
substrate that now has the first dielectric |ayer. T

h
[0046f ¢ o eroad dfedectiiq Ryerapay theape famyed At anthemoskae Sighpow s the
first RUEGHE Q%S Tife s@c%ndar;igl%tﬁcgﬁ%gﬁﬁy%@%r;ﬁ{&% e dafifdBrecyrsors
P e I’el e

recursors) as t I'rst ctric layer. e secon
(e.g., diotlie okyden and yrganssiliven fposcnrsdrspias thedhrstutdieledtec e The second

.. thickness as the fjrst | era@ée.. , about 5gA t o, about
dieleapmey a[s908 Fpromse) Yishaby fecaee ficlicssts the et iep - about SOA
to ab&lit8b6 ?.r ic layer may be annealed in a two-step

anneal i ng process. The first anneal step 412 may
[0049] ncﬂ‘oquo%vir?g tlﬂ\e{ d%praos'itri]cgellr, lﬁ?el seggn%ecﬁlelegtlglc Ila{]y%lrr r%aa§f %e annealed in a two-step
annealing process. The first anneal step 412 may include a UV or thermal anneal to increase
the hardness of the layer, and to reduce the moisture and silanol levels in the film. Then, a
second anneal step 414 may be performed to further remove moisture and silanol bonds from
the layer. This may be a plasma anneal performed by exposing the dielectric layer to an inert

plasma. The temperature of the dielectric layer may be maintained at about 300°C to about
600°C (e.g., about 350°C to about 400°C) during both steps of the anneal. The first and
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the hardness of the layer, and to reduce the noisture
and silanol levels in the film Then, a second anneal

WG e@p/140B%6 may be perfornmed to further renove nBCBEUS2087/069897
and silanol bonds fromthe layer. This may be a plasma

rfor osin he. di e] ectric |agyer to
second fitedbof i pERoRA dichturs Bitgunal brcGh Sbe SRiscrasey K gbout 10
minute@yer may be maintai ned at about 300C to about 600 C
(e.g., about 350C to about 400C) durlng bot h steps of
dsecond a of . the _sec

l°°48L R Fis dgBetiohgn RG-SR A0 R L bt BT forsevera

more A8@téns(Hofdhdwng antilltBOdB]ectHian stbgd1 8¢ formed GEPaSsirel M claRRss. For
t wo- stage anneal cycle nay be perforned for severa

examplpyif eachaliclestan éay@mtlo%dmy andtthe desired éntall dieleatrie thickness is 1.2
um, tl{%t %r(’ ghsﬂl?n eac%ﬁlgalt ?ch% ?l?oifl gg (ééxni %@%%klﬁgg of(each d8p0s1ted

layer tnhse bd e&ibyadniroliak tieh Iﬁrﬁﬁétéﬂsahdt lffeltrtBs 6xilds ddpoditivMrateidh as
12 deposition and anneal cycles should be done. The

the typefi an flogisraiss of hareawiys Precatsorsafhertotshprepraisthe Jeposition
cham@é?,pﬂdotbé {%el'%f&repﬁﬁ $tﬁért3%a§}?%/te1§f ASH gte%irhgo%( ly cal d]pposmon

ositron-ra es an low ra
rates foh ¢heroaddt layars pfeezbumsSﬂOSZ\/miIhtb d)oma’JOODJZ\éﬂm{re@.,IaboﬂlthléOOA/mm).
deposition chanber, and the tenperature, anong ot her

Exem?ﬁ?@ﬁ%ﬁ&ﬁ@onﬁﬁ&%eﬁ%@we typi cal deposition rates

or the oxide layers are about 500A/ m n to about

10045 JosoRiign SSiiesHRLERY gég B BT BL BE Prsserjeyeaign may
includeYbh- Mlt&%sﬁm%mﬁﬁp ﬁ}io%ltﬁ)fn (HIP-OVEH %gétems plasma

I nvention nsity plasma chem cal

i ncl ude hi
enhangeg crentieglogpor dnpoilamﬂiﬁi%)m% gystesnrs subpatmosphesisichamicdl vapor

depos&%r?gm\éléﬁgyls e&ns tgllaxfl)a g PE%geasgy (??pog%b{l §}5\s&f‘fﬁ among other

types DY Sysedths. ﬁfé@lﬂcf&tﬁﬂﬂles ohENVIE a)stevdiabit i Piagilérh€n embodiments of
systens, ot her types of & st ens. SpeC|f|c

the m@mtwpl Tngluds eV TRAA™HP -Gy Rerhambersitysiemeetitds

PrOBLEH RSPy 00 CELEARTLI S, o s

Claracbalibatis/ systens, available from Applied Materials,
Inc. of Santa Clara, California. [0050] One suitable

[oosﬁgp@?‘% %di&ﬂle% osgtnmen d a'iﬁﬁé&l%g%:télﬁ dﬁ\’wm GRbe BB bivgifize

I'ze e ts I n atcordance wth the present
embodit@nrt$ inaiecordarsdeovich the pradestinvdndidn isshoonasd Idgmﬂbecblr&o -assigned

US. HPHubcHo) UBSOREIBAORR0 S APp curenig (93 59 by ffbemeral, fed

May'{ PRLR %dmbﬁrgaa%d%&ﬁ%g hEFBLRed R a?r%lnan‘é@ésooses

oY
0051] Referri now to Fi 5A, an e ment of a
[OOSﬂ &?er%ﬁg ?1'0\5\%0 @‘ %Kﬁ ar(l: Qr%g]ocﬁment i aohlgh density plasma chemical vapor

deposition (HDP-CVD) system 510 in which a seasoning film according to the present

invention may be deposited on the aluminum nitrate components (e.g., nozzles, baffles, etc.).
System 510 includes a chamber 513, a vacuum system 570, a source plasma system 580A, a

bias plasma system 580B, a gas delivery system 533, and a remote plasma cleaning system
550.

[0052] The upper portion of chamber 513 includes a dome 514, which is made of a ceramic

dielectric material, such as aluminum nitride. Dome 514 defines an upper boundary of a
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deposition (HDP-CVD) system 510 in which a seasoning

firmaccording to the present invention may be
waleposssed on the al um num nitrate conponents BET/YS2007/069897

nozzl es, baffles, etc.). System 510 includes a chanber

513, a vacuum s m 570, a .source plasma system 580
plasma Pogessipg sesan éﬁt prosyng ERgIoNeY s wgifeép@ﬁhes@qwm by the

uppePéliifale 5?5’9&%&@& W%@\%Hgtil% slﬁﬁg(fr?gﬂeﬁfﬁgr 510052] The

upper portion o es a done 514,

a cer ielectric, materia h
00s3JoA Grviirmieoas ard asoﬁnsi’%g%‘gwra@f%@%d TR UGRsiaNY coupled to, dome
514, B0ARE Rlate 933 A &?d'glafy PS8 QRe e teRterdire to within

proceSS|ng region 516 is bounded on the bottom by the
aboutrppE} Caayef atrge bf abositi bed” Cato eb&ut 208id Ehis alews eptenizing the dome

518. t
empBRRE K P e B s oA AT o TR Pl g it dome
at a HEHER téddfbratiiRaAbLElcling 6r é&ﬁng’iﬁﬂ)c@é@éﬁthﬂxﬁ fr@lepdsttict provésses.
control of the dome tenperature to within about +/-10
Accugate gerirad of theglomst tempergtura algo Bdueesdho flekeogaarticih¢aunts in the

chanfiot Ry kAR EERELARYE Spl e e 01
mai ntain the done at a_higher tenperature for cleanlng1e

IOOSGrTI@tIQWPh@orE% ebchagber ﬂh}]mr«blﬂe%@bw peHhep2de whichdoins

f
crafiREW LS Rl S 00 | Bl o8 S
mounted om\aad fmkkseasmmnnhmtswmem stufgcedeitig $>oﬁyed1ehﬂr¢352h hibistrates are

ubst.rat e. he_| r ortl n of .cha 13
transfggan Go@a0d obl ‘ﬁa@ﬁsreéw&,_yza roRR GIACS @oh o
insertiffErerAGHY @?’t s Zoﬁﬁthg lete'o@@hégger@fll% S Ehﬂ)ﬁ@(ﬁot shown) are

support ne unte and fornms a
raised and then dmsereah naderst;lnfr cfoawel ofi d llnptob Galso mgshewn)B2move the substrate

ﬁomﬁﬁ oS g’%lga %t{agld}é)&)%rﬂlafuﬁrgg g&ﬂ on ﬁ? n gﬂg\%tﬁr Ig)rfocecsrs]%gtf)osmo% §56 in
whlchriﬁ@il.ﬁ)‘st?ﬁé [STRMAl onQRRIBL e fdBiing PN $19 dfiiabstifes) ort

mber 513." Lift pins (not shown) are raised and t
merdbom%lr8e cSubattdaiﬁ retchmngmtmm 5 b ingludes @y el¢citostatip @hucskrﬁiﬂrt)lat secures
ubstr fro he robot. bl ad a er
the shutifa G SHiGield Biped sepben S| At Bt PG eding? T HHE
emb&difieht) smtrﬁﬂ% shpsorbmbmbers 18 ik fnalk &eftarPdludifiubsdriicde.g., AIN)

recei ving portion 519 of substrate support nenber 518.
mate§ghst rat e recei ving portion 519 includes an

el ectrostatic chuck 520 that secures the substrate to
[0055HVaduuat §yserPPTY inclildsdtbrotid Bodiusasn gzhﬁihbﬁ)ugéstt@m-blade throttle

processin In one enbodi nent, substrate suppo

valv B is 20ahed Ange FHBROA N HRAERICRERFED pab.glt should be
0,
oA BRSOy

pumping, as described in co-assigned U.S. patent application Ser. No. 08/574,839, filed Dec.

12, 1995, and which is incorporated herein by reference. Gate valve 527 can isolate pump
528 from throttle body 525, and can also control chamber pressure by restricting the exhaust
flow capacity when throttle valve 526 is fully open. The arrangement of the throttle valve,
gate valve, and turbo-molecular pump allow accurate and stable control of chamber pressures

from between about 1 mTorr to about 2 Torr.

[0056] The source plasma system 580A includes a top coil 529 and side coil 530, mounted on
dome 514. A symmetrical ground shield (not shown) reduces electrical coupling between the
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val ve 526 and is attached to gate val ve 527 and
turbo-nol ecul ar punp 528. It shoul d be noted that

W@ booot1#d3es body 525 of fers m ni num obstructi on POT/GYSR07/069897
flow, and all ows symmetric punping, as described in

coils. glgé & 89 péj\r/?rgqi Bbientoffp %@iﬁ)%gag%ﬂr &%IPA whereas side coil

530 is PHRRERIOB PSi8EISRE oBhétaty 53 B, BN18 RdMRbYGerRVels 8id
1| sol ate%%np 52§€ rgmthrott %013%25 gndecanea I so

frequengies 06 bperhiagrbior egnheoodly rTénstr;ual et syistent allpwseongehed the radial ion

fl. wh h I al v full
densit i SRR 51 A ttBE bl Pk bty Sidb Eou 30 B cop goil
529 afettylbi@almlna@aiv@ryd}wm @hﬂcﬁ‘dlo@sclfdﬂ kéfufre ANYnipliaheirg elRttdde. In
chanber pressures from bet ween about mlorr to

one elab@fhtneat thertep spwoGBT gPprraiondd b ppsividesup 49 40.8A9 BBYRCL RF power
at nor@%%j%%i[—l?g&i; Rlﬁ]%gc{ersloglé? R%n ng 90255?243 ém?\;li] gaﬂtl))%‘éo Whtts of

RF povesl utesmdb Ry rMHaI TB@u;&iratﬁg ﬁaaiuwcﬁés dfhike wipl and siﬂérRE gemlerators

529 is_powered by top source RF (SRF) %enerator
may Wfséta@%.t@een%@ml oPgERting ff%lmde Bytosll d 9§ﬂHZ@@ﬁér9a¥érMHz

| evel s and
reSpe‘ﬁ%g’uéﬁé}ﬁ Igepg\’% algrﬂgl%atl ogd?#egirq&ég(é’h C\C/)I l. > Thi's dual coil

|
(0057} ehifoploamas st s meiden b Kt AR BERATRGR A91G 2k bias
matclgﬁ’% hetwafk St t’I‘BQ bfd 'rﬁxllasﬁl%%yﬁéﬁ 599Bi c%ﬁ‘idlthe'lﬁgd’lﬁ)tlés\éﬁi)éfrate portion

ven, whi ch does require a conplinentar
517 t@b@b}tmcxdber 523, wh@hamtmchonmhmentameelleeztppd@auifh@bIRFplasma system

SSOBGEL A PRy 18 RREHPR 6T PHEmE PREris e S Sigad Pyt sotree

plasnﬁ%bﬁeﬁrﬁmhqg $hd/firfaBe dOthE Qkbswyatel In @fspdifi®anBsdidlent, bias RF
nom nal | y . The operating frequenci es of the top

generahodpdebSRFttgéﬁéﬁ atags of REpbweniti ISeto ¥MHgm t he noni nal
operating frequency (e.g. to 1.7-1.9 MHz and 1.9-2.1

[0058YIRE, geh@RPRS 53 VALN] 5318 hﬁﬁfd@‘dfglﬁllﬁ&ﬁﬂt‘rolwr@hﬁhém@ﬁs and operate
efficiency. [0057] A bias plasma stem 580B i ncl udes

over afrmwcmngs cge ﬁ‘é‘?‘éﬂ&to@QO‘I‘@ 1a 7% Bachgenerponinyides an RF
contrgl c1r6}11é Kno§ %é% } l‘rl th rg{:)a? eQ &&Eﬁdﬁ%ﬁ%? gb&%ﬂ%ﬁﬁ‘?@g ffull &’ﬁi Hack to

the goMetAtby sndtadpstsaBOREqUERLY 8f dpebdtidalto Oﬁfaﬁl thé hewdst ﬁﬂlepﬂeépmer as

stem 580B serves to enhance the transport of 3
under§ivs>§éub§§ neesog of ordinagy skifldnihear R genczapns@ge BP%%ﬁ& esigned to

operaZér; 121{ o%ﬁ Q&ﬁ}glt }{arh%te%ﬂf)é ﬁe&gﬁcet SSothRt R %Wér%%'pbet rgﬂected

ment gener at or provi des
from Toad® ﬂlawhzi\teaa diffefeht gloveteratic in’ipﬁﬁncbd—ihan fie@sB¢rafE. This can reduce

generators 53 | A and. ncl ud I gi.t al tro d
poweg %M@%?dztert%e load 6\38'# @Eove?’erar F%ta% ey 51% éﬂﬁ@i’ack 0 €
Bk M ant BinfaBe ?&Q%é herdtor. ek gﬁﬁ"l 8i&1c8bPh plasma ma
sene nc\lﬁﬁ?b an Rall: cont Fol reui t noatlussho rr% t hat p. 4
rangerm Uigss shane dlensg @ vPONA)Y ofmp dﬁpdmdlrxgmrtbe plasimd i@oddnsity, among
othert%gcctgrs,t a(.)nd because reflected power may be a function of frequency, adjusting the
generator frequency according to the reflected power increases the power transferred from the

RF generator to the plasma and protects the generator. Another way to reduce reflected

power and improve efficiency is with a matching network.

[0059] Matching networks 532A and 532B match the output impedance of generators 531A
and 531B with their respective coils 529 and 530. The RF control circuit may tune both
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the generator and adjusts the frequency of operation

to obtain the | owest refl ected power, as understood by
w@2@ensosm of ordinary skill in the art. RF genBCEHUS2087/069897

are typically designed to operate into a load with a

mate B o PR C SRR ke S e ing B3
matcHth8 gaedr bt fithe 1d'atmf§ dRNe&d &lﬁﬁ?%sé M FENES RGP Eircu ‘Z‘P?X/ fifdBa

reduce power transferred to l'oad. Addition :
matchyegieatwprk Whent thd ppwerneflaeted fraoh thaidad back teehg gereraivoexceeds a

. .over| oad, and .damage .t he neratar.. Becau h
certaif TGRS BY By SEREO gt e ord ifstesy ke the B onteo
circuit foMMehing Kt 1@HEBing RSRRINE 18 & S tHeHBfl RHSEBwW dr Qi FSHbVE laly
anpng ot Rer factors, and because reflected power may ~
expectrd valyepfaeflestedaiover e dhismeay, helpistakilizergy plahima godessame conditions

. e( acc ' to the.refl ecte ower increases
by ol S AR RS 6 o RS BB 10 e
0E)I asma and protects the generator. Another way to o
[0060] Sxihes ansagyreempy @lsp dakprstabmlire aplpsme ForexamplsciieiRd’ qontral circuit

can by S BBt BE U direr VLR ARAE Rl B MR b daa Ry

decre&sglthe gerictutériaitput pespetkcse thealeliserdb@ fowmacsubantiallye-ol¥tant during
control circuit may tune bot hmat chi ng networks by

deposgtipnifialaydhe val ue” of capacitors within the matching
networks to match the generator to the |load as the

[0061]] doghscleliveyg systdih &3 Ripravidesgases drant sevieralagurtesn 834A-534F chamber
mat chi net wor k. when t he po reflected.fromth

for prp{seing JibeubH Tl Liegen S NEEY MRSE oG8 4GTTY SEBF 05 PG 4 ghown). As

wouldPEuMRYstd R BAf PYdrsh & kAN tAO hrt 'BE GlualdBerced 4 LA HVRUMces 534A-
di sabl e the 'RF control circuit fromtuning the

534F pud thsiaapaheannestion dfddetivery diney $38 toshimbered 3pevies dé¢piending on the

dero R DS HE e LR E A b P hen
chamb&! FBABrotiFIe a B GRS 5T [RYN thip @6ASE 848, Bhie ¢ds FingBSY and/or top
recent condition. [10060] O her neasures may al so hel p

nozzlg $abmay de meads|fesmA INFEie. SRnpsianplifivd, partielsiessopctional view of
ey 1o e R PO e o

asna Crease or decrease the
enerator oqutput power to_ _keep the delivered_power
[00623

b eRepmpediment l@fﬁﬁ%ﬁe%ﬂ!ﬁ BHFOHESDIO{Ad 5P 4B, nghfigst and
o 08By A1 555 o YRS TR B R DIRAE il g 7

via gguletivergtimey 538 @ady shedd ofowhich arabo®RB Gaxning $30tms afplurality of
whi ch are shovvn}. woul d be under st.ood b’é % gq(irson
gas ngzlesi 3P (only opp et which is showaclor RrPesss of dlusirakiep) it provide a

uniforih YlowSot fé? $0er thS QpsARL. N&%zl@%%?gar@gﬁi%tahg% en‘ri]’etall be changed to

el 1ver I nes 538 to chanber es d ng on
allowt thidoritegpufsh¢ iciforenity profilannd gaputizetsesiiieicecyfoed paitidalan process
withir? gr? ?r?d?\gidl?a][ %har%esi:eﬁn grrlee erlngct)c{ir%%rlft(,: ggs rlu?gt ?37 has one hundred twelve gas

nozzles 539 made from aluminum nitride.

[0063] Gas ring 537 also has a plurality of gas nozzles 540 (only one of which is shown),
which may be co-planar with and shorter than source gas nozzles 539, and in one
embodiment receive gas from body plenum 541. Gas nozzles 540 may be made from AIN.
Gas nozzles 539 and 540 are not fluidly coupled in some embodiments it is desirable not to

mix gases before injecting the gases into chamber 513. In other embodiments, gases may be
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chanmber 513 through a gas ring 537 and/or a top nozzle

545. The gas ring 537 and/or top nozzle 545 may be
wore@e/15630en AIN. Fig. 5B is a sinplified, partiBtT/US2007/069897

cross-sectional view of chanber 513 show ng additiona

) etails .of. ring. 537. [ 00 hi one enbodi nent,
mixedq priQro %@tglgﬁﬁ%%ﬁs g 5 9 F%%NOM&I%@@EH% feotshpwp)
betweh go@g@egﬁn 3a$ ahd g%y r&%mﬁhﬁ 856, m%%é%nﬁ{bqiéégghird and fourth gas

provi as torin enum 536 in gas ring 5 via gas
sourcgpeb 34feand $3408 8 8rd andl fputivgas fidw ednitoiiless; 63 50 andh)35Tamovide

i 37 has a plural.it ..nozzles 539 (o e
sas togfod] i G i B i ot s BOPRA N iR Sl b @ler valves
not shRwAY, i hut'6fffe@é Foml tAVIBW BAGoINFE o thBehaktRg! r at e.

Nozzl e 'l ength and nozzl e angle may be changed to all ow

' ' f the I formty. profile and gas .

10064}, xRS ofre MBI T b rebiofiy? Bfocf A usst, ey
desiraBle tb RUMhAAI gAs remaimiel in thd)gBNR1iCEH gl sBidr 2 @@Ssifib) Thdhay be

has one hundred twel ve gas nozzles 539 nmade from i
accomplished g 3rwayealepsshias malye St33, tgasplate shambes 543 from delivery

. r it . [ I .
lne SBRA H 1o VorP RSy FRZS4 B0 s AR oA AT Tyt A4 Ry ghown i
Fig. 520 utheesigdkr nalzed, esche3$43 Anuald iSH30nmapbdidoipenitcd @cetheegas
. gas fraom bady plenum 541 . Gas nozzles 540 may be nmde
delivedy Bgsa o gt yasdrarsteoplased as glysafachagberyldiagpyactical, to
. . I .
minis e D STE TR Revork e (RENHANE SaPSorl® e
chamludrh eA ddittboadlyyrent-svay darseff) nayesi{aot shednpmagbe ptaced between a mass
injegti ] es,into chamber 513 by pravidi
flow cqabupfitn QRS SR bR RBEN Boap s oA e MRS gas
ring plenum 536. In one enbodinent, third and fourth
(0065 Rsfesong agsan todS4 0 ArndhamBard 1 3aigd hasitopinezate F45umthichgnay be made

f troll 535C 535D [ t 0.bod
from AR Gh a5 ToB 988 o B Gyt 1P er gcHagentrot of
top ariiiide ASwSIBe ?M,%mmhﬁﬁﬁ@v&oﬁhﬁﬁlﬁmﬁt By afbwi find Adjustment
gas fromthe 1l ow controllers to the chanber. [0064]

of thenfilmidnpasitienard depingpirbmatersol Top eakd46 1s @n appl prgepienisig around

ase e use i t desir Lim.n
op QR oS bl R TAS hAEh LOPLE s 53
and t¢ERNEIet 343N Sotite oMY MIEC 8830 hirsls @t dnsdungofgas-detiyered to
val ve, such as val ve 543B, to isolate chanber 513 from

sourcg g Razzles 3% and ppmozrlg MIEC $amh cemirqly theypmquakofens delivered to top
FoPPh ' B0t
s B, ARl S5 AP 5 R Bl P

oxygénoGoftploptvent 316 aidaidigagadedzzies 540 fiones singlecburde vhyxygen,
val ves ma pl aced as cl ose to chanb

such @%S@efqeééﬂﬁ; tﬁe s haRbedte fopatoasls S4b 26 @)5@1'5‘%@?%4%@%9% kept
s UEInbLAE ADERAERD SR YO o Bl hr il Bomid iy o

plenuahé®bgforetiiepfowlimo etarhbénsd8n Saparais sources of the same gas may be used

to supply various portions of the chamber.

-

[0066] A remote microwave-generated plasma cleaning system 550 is provided to
periodically clean deposition residues from chamber components. The cleaning system
includes a remote microwave generator 551 that creates a plasma from a cleaning gas source
534E (e.g., molecular fluorine, nitrogen trifluoride, other fluorocarbons or equivalents) in

reactor cavity 553. The reactive species resulting from this plasma are conveyed to chamber
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flow controller ("MFC') and the chanber or between a
gas source and an MFC. [0065] Referring again to Fig.
wGe2o07aksnder 513 al so has top nozzle 545 (whi cPCTYH200B069897
made fromAN) and top vent 546. Top nozzle 545 and
nt . 546 gl | ow | ndependent control of top and side

top.v
513 tipUglhCEninhgs Tt i U 2ppHsRioy 8ot PP mIdA ma&wwem
contaﬁ&I thO¥Rardih P Bladilh Ut ”@zﬂztlty%fS 30he 3 il cHos tLq)%ng} oAt Msmtam to
O I ng paraneters. vent 546 1s an annul ar openi n
attackah‘ytthcl plasmp Abe dis&mﬁﬂﬁetwbm maeioecdwighSﬁé rahd fdedmpett ﬁéshould be

o) e 534A supplies sourc as .nozzles 539 and to )
kept 53 SH0T B BAchcab ARG L6 copO Ao LABNARlS AT P e T deline
with cﬁéta&%%cqﬁ kda¥ @k 88ty 530 W rafiag tHéQ‘T@dnﬁ% p‘igs%la?ﬂda feRBte  cavity

nozzl e MFC 535A controls the anmount of ‘gas delivered

allows thetusp ofjarseffiiorent mlcsaﬁavegmﬁnamr lagpd domok/ﬁ@aecﬁ EﬁiBnhﬁnd;omponents
35B1lmay bhe,. sed t.0

to the PR S TR oGRS Rl 40 Ui 90F dishu§E B ek Be DRt in o

plasmBi Wi 16 Q1. @oﬂé‘eq@é&ﬁ@efblatﬁ/@%eﬁétlﬁ@wrﬁlﬁ)ré% Bucl B€ electrostatic
gases supplied to top nozzle 545 and top vent 546 may

chucl«o’EOké@ﬂotsl@sd\ tabecqyeredrwithva dummiyripfeter afhareiseipretected, as may be
er be m xed in top plenum
requlr%@%agrlgjsﬁ% gpas?j% Qﬁam%?? ahber 513. Separate sources

sane_gas may be used to supply various portions

[0067J>f5}’%tﬁ§ contiplsa 560 conpds the apersipn 0&?3@?%5% Genteoller 660 may
n a
inclodt AREFGE ERTLIR SRIRELHILGiS aRHY ARR dife BRI LOLER Hid e card
rack (nbmb:]vng caupdddetonal pmtdlsm%af Theodrd r:lmkanw\mmalg anarghi-board
551 t t
compESRRE) @GO SRBMLCFIRE A1 QP HBPUHHP GERCE PIGRSIOY D ertace
boardg gﬁéﬁ Shdw 0 5&9&5@% Fnofdr BRWSINE *begﬂ(ﬁ tndt Shd e tl% s[(;ﬁ&'ntcﬁntroller

The ‘feact1 Ve species resulting from th asma
confoame tocthr W@yxacivlbdulmfﬁn‘omaﬁ:(mm)r stanglard; wdenti dc@ngfalsoafr@@drd cage,

B RO b B o R i
havm? BH|6|-lﬁf?\tiaR£ bhdBR POGI ad?Odlbils PSydi&a icshtedlier 591 SpdraeKuider the

he plasma. The di stance between reactor cavity 553
contrelrd afcesypupes progssn swnesldmthp daidedisk drsvestidhnougls other computer

progd et 5 g BB IrES o RO P ek ¢ s Pl BpS By iR, for
examﬁﬁsthe@ﬁrﬂﬁg ahixfte bhgases, RaNpdver @i Ehdiothe? paRiidtds 68d pariicular

[ows the use of an efficient mcrowave generator and
pr006'§$3 e&mter@%p@wemham end ﬁ@ﬁﬁﬁtﬁ@rﬁpgtf@]éﬁrtlh‘éla a monitor, such as a

°afh°8?gcyet3? HETAS A 4 B Bl RO RERER R Rl 567 2,7

i tu. Conse uent I y, rel ati veI y sensit | ve conpagnents,
(0068 Fih 5675 an adisiratemes £peshoR L yhexemplATy systera ageripterface used in

conj uﬁgt\foer{)x%gh Yﬂet é}e Wo%ss&?g tcﬂmﬁérvﬂ f%?% I 10t ﬁ%‘e%g corfitdller 560

e requl re asna eanl
1nclu@&‘quﬁ'SGessor 561 coupled to a computer-readable memory 562. Preferably, memory

562 may be a hard disk drive, but memory 562 may be other kinds of memory, such as ROM,
PROM, and others.

[0069] System controller 560 operates under the control of a computer program 563 stored in
a computer-readable format within memory 562. The computer program dictates the timing,
temperatures, gas flows, RF power levels and other parameters of a particular process. The

interface between a user and the system controller is via a CRT monitor 565 and a light pen
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[0067] System controller 560 controls the operation of
system 510. Controller 560 may include a nenory 562,
weewh1as7@ hard di sk drive, a floppy di sk dri vECT/II81007/069897
shown), and a card rack (not shown) coupled to a
processor 561 The card rack contain a
566, a3 |dﬁ%‘FT§ﬁb%§lfgd SCortpin @Pmt%séﬁ% @ﬁggg%m)twoéw&r BEiSafft and S66A,
may bfélu@ d, Bhe h{b‘aﬁfeﬁ%ﬁﬁlﬂleamé&ﬂ%vaﬁlrk%sﬁapm) etaildr Fﬁ‘%% other behind
rds (not shown), and stepper rmotor c ntro er
the waﬂb(eﬁﬁdA) fordhe ssroee )echﬂihlans yBotbrmamiors inubancoosif dispiaytthe same

informglnrgb 6 g ueht Szp (2 A0ET Fhah B oAb B oeiehE ABTEer sigen or
functlbﬂ RBS opethr W@qe%taﬁrﬁg@arcg tﬁé §1§pl§§ Eér@&ﬁaﬂdﬁﬁlsﬁéﬁa lﬁitfoH Ghoét'sBown)

having a 16-bit data bus and 24- ddress bus.
on th@gﬁ@t dike dorvhed hica pomm&mmgﬁehegtedrbcréhe hgi@ peb by cbangifig s color

. put er oqr am st or donthe hard di sk drive or
OdeSﬁ%V”%aaﬁwsP & B EatRI o ogr ams, such as prograns
ored on a renovabl e di sk. The conputer program

[0070]1 Th@ geraputer prpZEReAsiesan bﬁ WTitheRithgly ¢enyentianabgongusegeadable

progr §r o@gﬁﬂ ng%éé?llhcn a%%gace %@tagés’e%r (HziLndlJ%%é:z‘ﬂd:ﬁ{sgg1 among

others cSimrablelpedsgram c‘v)déllsaentﬁi?éti inw a singlieHiler anuteplb fitks, nﬁyg a

t ube (CRT) and a pen 566, as depicted in
convepp@nal t efh@g@g}i 19,:$t@red geelingo@ﬁd ing g@)@plg@rrlbs,ar lgfmedium, such as a
e Q0S80 oF A0y BRI AR SR SR KR e o
is conailed] and tﬁé\resﬂjant (enmpﬂﬂt aodé isgtherb BikkddneitluatesbjectpodecesS sor

56 oup] ed 1o a co r-reada ry.oQ2,.
precoppded PUBIOyS HHEHSFo BB, g~ 0 el oh PRCLARGpib cbiset sag the
systexﬁ%garlﬁvoﬁ&g HEOh; &8 c@&ert%ﬁsﬂﬁ%\/ oRfpufE® At t& 1all tl"i’esco'ag}ﬁ

and ot hers 0069 stem control | er 56
memaye rThe €PWirvdds tht hedeclborn mximay and exeeptes dre qaﬂdogtp nenf@aathe tasks
. @t [et(-jpﬁl n a conputer-readable format w thin nmenory
1dentiglgd in P POyt er program dictates the timng,
tenperatures, gas flows, RF power levels and other
[0071@ Fip¥Ex shows ah iBusprative blgpladlagnragc@fstbe hipraschipgl pnigelestructure of

en a.yser, .and hes [l
comppEh PrearB k0 ahR R e DB SbSR s brfesApBg Hhinber nt
a pro&ss sel¥WorBBtdudihé 5 85ﬁﬁe§i&s&@5&enlﬁlw sér‘éﬁls|d1gﬂ‘dyeﬂ @ﬁshe CRT
566 and 566A, may be used, one nmounted in the c|ean

monitos bynusiag the g per interfase. Sheprocesssein s RRACHTHBR witphptocess
parant}ﬁlg?e{rc, essaé'?5 ?oS?Dr%rg{] i u}é«{%ﬁie %rré{%e%&s ehagéa ﬁnigﬁ?ﬁ ngxlédeﬁned set

numbaky, |P&o@b@§sél¢c@d$ﬁsubﬁﬂt1ﬁ65@ 1d5ﬁl(ﬁﬁesr('ﬁ)yhdoées&ﬁ@ bi'(&dss chamber in a
select a particular screen or function, the g&grator

multicharahes sysigm aanddubthedrgred sgmfagrogeéﬁ e@ﬁms%ﬁ IE& ¥ operate the
B W RORYR SR B bRUEA 488 for rfomin

a spetifis pesvlesy retute td,l c@pﬂmy)nsnglch ap PIOCHISIPAS cémpos%&mnmideﬂow rates,

temperature, pressure, plasma conditions such as RF power levels, and chamber dome
temperature, and are provided to the user in the form of a recipe. The parameters specified

by the recipe are entered utilizing the light pen/CRT monitor interface.

[0072] The signals for monitoring the process are provided by the analog and digital input
boards of system controller 560, and the signals for controlling the process are output on the

analog and digital output boards of system controller 560.
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[0070] The conputer program code can be witten in any
conventi onal conputer-readabl e progranm ng | anguage

wWGe /188768000 assenbly | anguage, C, C++, JavaPCHIS2007/069897
Pascal , anpng others. Suitable program code is ent er ed

nto a single flle or nultlple files, using
10073%%%?&5? BFAPIGEE RIDTHMe SO SARIPTISESqesTam Cohe dnhaseRnsia the

identifled® f i
dnif B 558 sy R e i
582 amdefme boxhtmi@mgagmrattdm@fdh&imo&s porrpss chdmbensd Mulple users can enter

ol GO it BB o oS
proce@$8CMIn8bdrignd prokQs ckaRtr hafhbeR| herfc@idﬁlbr&hﬁle%ﬁgts@f@dules the

user invokes the object code cau3|ng the conputer
selectstgfmoe«rsscwnltm@bsuh@ sesugece; Breﬁgaluiyyseqﬁmeﬂwrcmmdﬁff freludes a

progr{iB Syde o RHPTR His il of 1 SfoGin: % B8 ot Br B kel diibers to
deterrfifle iift thel Shdndtidry Sre Bl ?KlSéh 4y @li'érﬁ'ﬁmhg vhiat sﬁbaésﬁéb &ébeing carried
control structure o ut er ram 580. A user

out indhg ehambgrshregsesed.sand (H) mséqutlaa éh e@@@bm@m paead omavBdability
ofa procgsos BafRba a%%st?fé e(gtep% €SS tsogpe C H{l%cf‘o n\lzerﬁt iof %grh?ods ot

menus” or Scree Y using

monitbheg tHePhdcepeshanibefy cfaﬁCbe us&h Sudl BGRHMS QVEerﬁioﬁeduhng which
predet erm ned sets o:ﬁugrocess ar aneters necessary to

procegsgp fq/beowcgts@cﬁeﬂm@ser roukine 384 eancbeesignad i taks w¢p by
consi %%% Je 2 4 s()?tea(?f';;‘g??{]lﬁar Elo&ﬁ%%% ?%Elgé"tt & thec‘ ﬁ%é(?ﬂ itclﬁ&gtlon of the

I es esire ess ¢
processLdhbinbblalyddey usey $h esmpaisdn @ith)the Hesirdé pracess cbﬁtliti(ohs for a selected

process paranmeters needed to o erate t.he "
proce%awwtﬁﬁrrelﬁwé%qwrr?gsym@ Reg saeéég Yo determining
schedﬁﬁ SritRar ameters for performng a specific process

e to conditions such as process gas COﬁpOSItIOﬂ

o0 B 2 S B PR s o

combfn%ﬂ&? {30 Ero RS eAIt&] @ %b&%cé&ubfbﬁtlﬁ@ 884 inftidtdyexbaUti®n of the
a recipe. The par aneters specified by the recipe

procesar st bypassing the partieulagproeass bétglaramsiers CRIchaprtier granager subroutine

RS WAL R e

chambB&@2 (1tbt sRdwiD)ae b Eas tHeQhrbedss 58 Qentdybefticsd @Bﬂiuﬁné 984
controlling the process are output on the anal og and

[00751'E9rt(r)1 Jgg g% axbbegggmg ueglr Sbie r%lzlg%%1%rl[lﬁ&llalteeéoesgcﬁo%n{(%)s%gﬁ;utme

588, ﬁ@@e@s FQJ conGoBRIbra\d@ink 1390, stedstitel doattolyubeRsiae SH2rine Iplaﬁﬂ control
set of process paraneters fromthe_process sel ect

subroytisy Ut | Those bavinm erdingry liHen Hiel %\gllldﬁ@%wdhat&ﬁhqr Ghamber
contrglasliﬂ)l%ldﬁn&r (i%ﬁ %23 c‘img&dl%&ﬁ {VH %@gé %16%%%5 be

rocess se e S an eSS cCltanper ers, or a
perfoﬁheb’iglhl&:hhlmbér sian Imoperation) |chambffr manager subroutine 586B selectively

schedules or calls the process component subroutines in accordance with the particular
process set being executed. Chamber manager subroutine 586B schedule process component
subroutines in the same manner that sequencer subroutine 584 schedules the process chamber
and process set to execute. Typically, chamber manager subroutine 586B includes steps of
monitoring the various chamber components, determining which components need to be

operated based on the process parameters for the process set to be executed, and causing
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process set nunbers and process chanber nunbers;

sequencer subroutine 584 schedul es the sel ected
w@e@wcasses i n the desired sequence. Preferabl ypCT/US2007/069897

sequencer subroutine 584 includes a program code to

erformthe steps of (i) nmonitori.ng the operation of .
execufifh o Shrsier ERIRGRITE SYtsOUERAFTAOREVE fo B R AP Srtgmining
steps.bei ng used, (ii) deternining what processes are being

carried out in the chanbers being used, and (iii)

007 SR8 LR R P LSRR BoE AR E L0 SHTAS EBh ol v
referefitd to G841 $ANAHdITR SiRtraRGDsiBibnAR RUBELHMIS @ YRESHDgram code
chanbers can be used, such as polling. Wen schedul I ng

for coprpBing sheyalbeycompopents thabsre vsedete, loabsibaate ogipaubsitrateeupport
. to CcOnsi | on the

B SRR 5 8PP QUL ARy G o
into charab&ril 3 Gnglic d. chPBCVDNRa@i60s @R Eer ¢t en tHeahig-dhadBer $ystem,

conmparison with the desired process conditions for a
after atherduroesgsipg hasheen cgmpleisd. ot her rel evant factor a

syst em programrer desires to include for determ ning
[00773 PreedsH gas goptirelaubioutse SJWDiREproghhmends éqeonitaliing process gas

suhroutjpe 584 determnin whi ¢ rocess. chamber a
compgifen aad Ay e 1&’5?%\‘?%59 cg@rﬂ@ thesrs ClogepetdRn ke safety
shut-ctEAMSaCHId gggfi%%rg&f%dwﬂ fhb 3188 N16WLOHEbREs & o ttaﬁ the desired

process set by e particular process se
gas flpanaieet Allshtmber congpobent snlenoagess, swlndmgtproeess g6A00irol subroutine

whi ch trol | tipl ' ks. i hanmb
590, 4 4aKEH B S8 s SubRNDE oot L bey O EEEPar Rgpoess
parantefers ASnPEHAGRHRS mARigeP SibroRiheSREBIBIGRM 16 tHY RUfrd @asTRAW rates.
[ 0075] Exanpl es of chanber conponent subroutines are

strate positioni subrout i 588 [ oces .AS
100787 J8BIch . ufiRat eistanBe RBRhBEk OG0B mEt3fiity Htfs, ano
repeafdBy (i PrREdOtha nBTes SR hia®d flew RbmEdlieRs (D) cbmphheske Radinggto the

~ordinary skill in the art wll recognize that other
desireshilow satecispeivesl fremishamberipanagearsubeouting PR and didid adivglg the flow
[ I r [ .
e BB SRS gL FAURARDS, BRSRSROCIRA) Bl 0
may i8R Be stepefol imerlityrifg thedias dswantes &rlunsifb eatpy Ariefosactivating the
nponent subroutines in accordance wth the

safetsggwﬁoéﬁ}faa\fes prhea e smsale condibion is deteeiedd. Chanber nanager

subrouti ne 586B schedul e process conponent subroutines
[0079]1n séree proressem AN diiert Fr} sush gs argony is slolved uto wharbBet 513 to stabilize
schedul es the process chanber and ?rocess S

et Lo
the psERIRdhe HRACPre BRSHGIROTFINELES S8 Hroierhel Sabee
procécs:%gnzptii){g glsoc%gse%g thﬁtr(H%ﬁbttoﬁﬁh@%th 1? ?rn%ﬁgiﬁgﬁﬂéé tChefae Etegse for flowing

nts, ermning whi ts need to
the ineptegas intol chrastsa 508 forren gurontsftipanerretagy ® stabilizetbe pressure in the
rogess set. to. be executed, and causi ngexecution of a
charBf i 5 RS TieR A8 b ke OF BBBBI St o ¢ he
nmoni toring and determ ning o
[0080] Additionally, when a process gas is to be vaporized from a liquid precursor, for

example, tetraethylorthosilane (TEOS), octamethylcyclotetrasiloxane (OMCTS), etc., the
process gas control subrdutine 590 may include steps for bubbling a delivery gas such as
helium through the liquid precursor in a bubbler assembly or for introducing the helium to a
liquid injection valve. For this type of process, the process gas control subroutine 590
regulates the flow of the delivery gas, the pressure in the bubbler, and the bubbler

temperature to obtain the desired process gas flow rates. As discussed above, the desired
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steps. [0076] Operation of particular chanber
conponent subroutines wll now be described with

wo edoenensce to Figs. 5A and 5D. Substrate positPONUS2P07/069897
subrouti ne 588 conprises program code for controlling

onents that are used to |oad a substrate
procegygts HE e np&f%trgwfgﬁkﬁlat 1o paptsy 228 eantradpiopfngso0 as process
paranR@&ht 1 oni ng subroutine 588 nmay al so control transfer
of a substrate into chanber 513 from e.g., a PECVD

o0 F35hS R ALk S5 i P S TSR B i e

necesEir) @8Hverg ags AOWr4t6] bubblek PrsiRE and Bublsier tRhPBFadiFe ¢5¥dRe desired
for controlling process gas conposition and fl ow

procepgpgasglovsiby bieqcassirpopstersA tatde gorttmm@;ﬁ@ms:lemy vdesstfpiongiven
proceg%%\e%r}f%w? ﬁftee. tdn Hé n&fegﬁayﬂe\ri&gs a? i[l;l.?g tflg fc’veirJ /%a{sat{%v rate,

€ nmass OW con ers

bubbl@ﬁpreﬁdu@a\aﬂdaﬁmmr Arhpegdtardes nﬁ)ﬁﬁmﬂ emn;mtarte lﬂlﬁd M8ssary values
i.ncl udi ng_process gas control subroutine 590, are

and aﬂﬂ§‘6ﬂéﬁp%§ﬂnglﬁanber manager subroutine 586B. Subroutine
590 receives process paraneters from chanber nmanager

[0082] Ulhk pridesegds @6Rirolshibioating §00 iney diss comttb] giesfléw ofheattansfer gas,

MNCTUR TSI e
fdy
1ndep%€£e&9§glgﬁ1? g&%{‘ﬁdg?%g%)l %‘ ﬁﬁ@&l{o@ kAd¥rD: Thbighs g@ﬂ@ﬁ’é}ﬁﬁll? BSuples

rates recelve fro
the strblsualbew thewha@erlnwbaploaltpm@sﬁ 8isBwafans hchted byl plasrsa srivkethe

wrates, of. th assu Ilnsas cessar
chernjsa AR st T e L6 o0t SRR GPOTS 1 B ReHe T igh g chuck,
which Hﬁ& el G atdr &R 81el O ThisRepOtht Bebstiaf tafsw b ké?ﬂ}SéirﬁﬁféSthit%ay damage
unsafe rates and for activating the safety shut-of

preexvsiingdeatyiiee nn the suhsitdie condi tion i s detect ed. [0079] I n
some processes, an inert gas, such as argon, is flowed

[0083] HresseRashes] sabutife SORRIclidéeplobfinPERRIBF Conitdlliddehe pressure in
anber before reactive process gases are introduced.

chambgrrS lﬁr{gsr@gplp@@@glg size of e qpeping of thyatile valye5dp in the exhaust portion
of thef ﬁﬂgm%%{‘ '? erg gl%edrt eagt{:jl tgz%lr n?merglflér?g Orf%él%gtﬂ?lgé ﬁrgz:hgr%%%rnwnh the

throttdd VEIIVéTE‘l“ Inefesmathyd télies bakhirazterizihg tHerchamberpressuides it relates to,
chanber. The steps descri bed above may then be carrl ed

amorxgmther[tm@s@]the/ﬁteml pPrasass| gay flowh the sizenf decourgeess shamber angdhe
pum;%ngg Q%e ?‘%& @?‘? e{h%H' %E{@Sﬂ%%ﬁﬂfe 52695 a ﬁ&@@ﬂ)ﬁﬂon Setting

ane
throtde vAnEes Wﬂo@ﬁie@tpﬂ%nmﬂ inhay esartudlGMERD) in edteady-stdte pressure.
process gas control subroutine 590 may include steps

s 0L PB4 50N e
and thmpaisnmhmoﬁ’tbrdtﬂtﬁevm $amaypbaadjusted according to pressure control
subroutine 592, assuming the control point is within the boundaries set by gas flows and
exhaust capacity. The former method may result in quicker chamber pressure changes, as the
measurements, comparisons, and calculations associated with the latter method are not
invoked. The former method may be desirable where precise control of the chamber pressure

is not required, whereas the latter method may be desirable where an accurate, repeatable,

and stable pressure is desired, such as during the deposition of a layer.

[0085] When pressure control subroutine 592 is invoked, the desired, or target, pressure level

is received as a parameter from chamber manager subroutine 586B. Pressure control
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liquid injection valve. For this type of process, the
process gas control subroutine 590 regulates the flow

w@boorhe3del i very gas, the pressure in the bubbPe&r/pSant069897
the bubbler tenperature to obtain the desired process

wrate As di scu e, e deS|re r ocess,
subrofife $9Mer S dne PRt eePan e o P s S RO g onal
presstréM Mohiches oftheded BS Bi6 @BEMBR! SRS REsSthe h2AGEd valu%(g) oto the target

Furt hernore, the process gas control subroutine
pressyngcobiging p@lpertsonﬁb integrala dtéfetem@alr@ﬂé)swuqs fohgh \stergd pressure

able PRespbling B s b - oult S Bus BB g scsprging o e P

valuea6baiRt lfﬂ)nﬁth‘étp@és&@ettﬁﬂé CARSRA Y, Peskit® cBRESASEBIOMtine 592 may
val ues for a given process gas flow rate. Once the

open ﬁeelegestawﬂwtlue 32Gtoe pastichlarepening sizg &0 regalale e pressusgin

chamBélIﬁB tgﬂgi% I%Es%ﬁ%‘ﬁr‘g» é?sﬁu.gr | er tenperature are

I tore ecessary val ues and

ust ed accor di ngl 0082] The proces as contro
l00863 %lhsamqoa 01599@4?&36 ﬁ% %oreet%eﬁ arogtzr%é w&t?er g?ntrollmg the frequency
and pBG/@lt 0 tg@t&%gfgl? eﬁ%tbr@% Nebhd's > dctt?u C'?ﬂ’r\&lggltgﬁltcgﬁlg networks

I nner sages In the wa
532Ai amde32RBd @ﬁrtsrriae:lonnmh stbrututiod 594 HEY tieuireviotslp deqcnibed chamber

shown). The gas flo ther coupl es the bstrate
Comppﬁeqtﬁébreh%% 18 |“P1V°é<e¥\l§n$ F]&‘HP F%’&‘é%%f S“'?"l?&“’(}\%?%;b

heated by the plasna and the chem cal reactions that
[0087] or Hatihg désayibed sexrrdl embodimentsoit sill he r@u@&imceh)ethpm «zﬁﬁgﬂl in the

art théﬂ%g?ﬂ%%&fm %Wsagﬁ?%ﬂf’g‘é? gfnﬂﬁ?%l f ool ed Th kgl%gy be used without

deparffing Fonbihe @glrft Q8fHelifvendbn.t Raditiehsly, @tnﬁmb[ep&&i"&ll BB proBesses
contr ol routi ne 592 includes program code for

and e&ermnts;havp mgt basa dgsasibed freondar t@taarmﬁemnsqessaygly plesguring thegresent
e BefSe 3 RSEHRRab A4S PHOE R b rgpe o

the ifR@atigh. met hods of control ling the chanber with the
throttle valve. The first nethod relies on
ha '
o058 SSARLEY L 416 RIVREAES BABESI08 kgl oo,
the t@tl‘Z@f thé uhinef the dewadiminanteesthe amdeith&ariyrdmtatgs othpadsd, Yetween

e first nethod sets throttle v EZJ[G E;a@@élxe
the umeaﬁ tﬂweré@tlhqf@h%tﬁweﬂt dsq/3peq] cs % diS¢Joseck Hagh smaller range

betwBAn s&@ed%tbeg%?ﬂ%h%ér vafirUn b st %ee an Sl stated or

pressure ative pressure
intervemjnghenlwesia shut ethfednangde ia emmmpaesedr Tihe rupperampi leyerdimits dfehese

t f thrott | t ed
smal g agies My {ngepinens e DENERE BN T (e s, Shisachtge
wherE @ﬁh&oﬁ&ﬂh&l ot inditS atd ihBlufled RGROQHALR ?ér%%s &eatlsoté\ﬁc&ﬁﬁassed

| ows” and exhaust capacity. The forner nethod
W1th1ne1$mint/entronqsubg¢ceto alyapbaficglyesslnded binatrigdlss stasd tatmge Where the

stated range includes one or both of the limits, ranges excluding either or both of those

included limits are also included.

[0089] 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 process" includes a plurality of such processes and reference to "the electrode”
includes reference to one or more electrodes and equivalents thereof known to those skilled in

the art, and so forth.
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measur enents, conparisons, and cal cul ati ons associ at ed

with the latter nmethod are not invoked. The forner
woredonod3mey be desirabl e where precise contr ol POf/US1967/069897

chanber pressure is not required, whereas the latter

met hod may be desirabl e where an accurate, repeatahle,
[0090} , Alse. by Worsds seamprise;'s camprisias” "nghiedsmelnding” e includes
It . :

when SRS b Sk Bloson el L BHRNng QA PLERRUIRA LOBERY the

preseipreed stated fegumk, integerscampeieas, a siEas,duethey domotpehiudd dre
managet. .subrouti ne 586B. .Pressure control subroutine

prescrits ot AItiap BLORG R RS LT &Pt NUASSE CBTBORGRLS Slehs Agts. or

group@N€ Or nore conventional pressure manoneters connected
to the chanber; conpares the neasured value(s) to the
target pressure; obtains proportional, integral, and
differential (PID) values froma stored pressure table
corresponding to the target pressure, and adjusts
throttle val ve 526 according to the PID val ues
obtai ned fromthe pressure table. Alternatively,
pressure control subroutine 592 may open or close
throttle valve 526 to a particular opening size to
regul ate the pressure in chanber 513 to a desired
pressure or pressure range. [0086] Plasnma contro
subrouti ne 594 conprises program code for controlling
the frequency and power output setting of RF
generators 531 A and 53IB and for tuning matching
net wor ks 532A and 532B. Pl asnma control subroutine 594,
i ke the previously described chanber conponent
subroutines, is invoked by chanmber manager subroutine
586B. [0087] Havi ng described several enbodinents, it
wi Il be recognized by those of skill in the art that
various nodifications, alternative constructions, and
equi val ents may be used w thout departing fromthe
spirit of the invention. Additionally, a nunber of
wel | known processes and el enents have not been
described in order to avoid unnecessarily obscuring
the present invention. Accordingly, the above
description should not be taken as limting the scope
of the invention. [0088] Wuere a range of values is
provided, it is understood that each intervening
value, to the tenth of the unit of the lower [imt
unl ess the context clearly dictates otherw se, between
the upper and lower Iimts of that range is al so
specifically disclosed. Each smaller range between any
stated value or intervening value in a stated range
and any other stated or intervening value in that
stated range is enconpassed. The upper and | ower
limts of these snmaller ranges may independently be
i ncl uded or excluded in the range, and each range
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where either, neither or both limts are included in
the smaller ranges is al so enconpassed within the

WO pwen#i3oq, subject to any specifically excl udedr/us2m1/069897
in the stated range. Where the stated range incl udes

Eng ﬁr both of the limts, ranges excluding either or

WH cincluded linits are also included.
[0089] As used herein and in the appended clains, the
singul ar f oBethBd of m@kin a%ﬂﬁ:oﬁtoaﬁie 15}339 bi q%uﬂétfé’tér" khe method

referents unless the context clearly dictat es
Compnmhgrmtse Thus, for exanple, reference to "a process”

|nclud uraglit f .such s. and referen

o+ niStatad P sison Bxile (et o BegRBREES i SR AgPe by
reactifd SCAt bﬁﬁ’@(Sx g %&ufstsﬁtrﬁm silié

ﬁ%i [led in }t%'téte par t, and so fdgﬁrﬁ&?%dggg?ﬂﬁ d%lth&%&tlon products
on thegypstrate, o’(hpmmél@ a‘tommgergpnq'gursor 1p geneyated t‘)ut51de the reaction
Chambe’ncludlng, and "includes" when used in this

sﬁEC|f|cat|on and in the following clains are intended

t 0 spebbdtinglthesilE@peNiaelafér 4 haéBperatapd siraBdut 600 € GLleks; and

conmponents, or steps, but they do not preclude the

pr esenemedheFlirgnop e lyer toranfpdused connled plagna.es,

i ntegers, conponents, steps, acts, or groups. WAT IS

CLAI NE I'S: ”[‘h ﬁleﬁgotél rreteﬁﬁldln%le% 916%11 c’o? ggldg)%i%?ll'# 1%l to a

on a substrate rising
tempesathtecfioom abowd 8 0D &)/ erabont di(]ti)éCsubst rate in a reaction
chanber by reacting an atom c oxygen precursor and a

silicon pregursor. an eposi ting reagtion duct

The. Sulstr e AR ARG MOSTTL UG S)i58R oSS i herted o
about38p&r at ed outsi de the reaction chanber; heating the

silicon oxide layer at a tenperature of about 600C or

| ess; and exposing the silicon oxide |ayer to an

i nducedr couﬁ]hemq@hmalscrfwlalml Whereiethesilicon ogidgilayet is heated for
about E u%k)l%P% oxide layer is heated to a

e‘HB%‘ lpgPaut Sut 300C to about 600 C. 3. The

nethod of claim1l, wherein the silicon oxide |layer is

heat ed 5t 0 alTtmeliEdd 62 cladm ITRehersi thedilivonok&lertayer is heated for

wherein the silicon oxide |ayer is heated for about 1
aboutrlj HiMME.- t 0 about 30 minutes. 5. The nethod of claim i,

wherein the silicon oxide |ayer is heated for

6. The method of claim 1, wherein the silicon oxide layer is heated in the

reaction chamber in a nitrogen atmosphere at a pressure of about 15 mTorr to about 760 Torr.

7. The method of claim 6, wherein the pressure is about 50 Torr.

8. The method of claim 1, wherein the plasma comprises a helium or
argon precursor.

9. The method of claim 1, wherein the silicon oxide layer has a

temperature of about 300°C to about 600°C during the exposure to the plasma.
10.  The method of claim 9, wherein the temperature is about 380°C.

11.  The method of claim 1, wherein an RF power source operating at a

power level of about 1000 Watts to about 9600 Watts is used to generate the plasma.
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about 1 mnute. 6. The nethod of claim1, wherein the
silicon oxide layer is heated in the reacti on chanber

WO p00a/1#1376 ogen at nosphere at a pressure of aboRtT/11S2007/069897
nmrorr to about 760 Torr. 7. The method of claim 6,
wherein the pressure is about 50 Torr. 8. The nethod

ar gon ecurbBmettsd oftGiffdinB e BF EPHFLIev R BAR  EpLWets.
silicon oxide |ayer has a tenperature of about 300C to

about §80C due inftghddF cBNROS WhereiPthe8acBbA SABnbet Bias 4 PRssure of
nmet hod of claim9, wherein the tenperature i s about

about Zgy€orr 10 abopk 80 reliosodnrisg the exnasure offder wligpnanxideraysse the plasma.
source operating at a power |evel of about 1000 Watts

to abo 96 ' ] I 2
The metfiod o iouioR dfifd, bReRANEE ShitnberprlisfieEarkic 2

mTorabout 1800 Watts. 13. The nethod of claim 1, wherein
the reaction chanber has a pressure of about 2 mflorr

to abo 50, mrorr. durj the exposure, of the silicon

oxi de fféyer Thg meﬁé)%qué%.l,wreﬁ’m@e {oRB @t leyenisfxpgsed to
the pIAES R Bbdi1e HAAE LbNADIHGekS about 20 niforr. 15,

The method of claim1, wherein the silicon oxide |ayer

is exposed to the plasma for about 1 mnute to about

10 mi ndbes. The methnsl ofgidiad Sowhetei the sBicombrideilayet sexposed to
h 1si I iﬁ)on o>%i3de.l er is exposed to the plasma for about

© plasmg 107 fRQUE3THINUER S ot hod of claim 1, wherein the
silicon oxide layer is heated for about 1 mnute to

about 30. M Mk @getiRl hctaiel, MhefiP eaiidon okl lhyed idiedted for
coupled plasma. 18. A nethod of formng a silicon

aboutdynaite tg\abputaly raingigs defosg being peposed toghe iiwped equplpd plasma.
form ng the silicon oxide layer on the substrate in a
reacti qg. chaltheholbr b 161i8h BHEPIG Oy IGhstr
precursor and a silicon precursor and-depositin
comprieidagt i on products on the substrate, wherein the atomc
oxygen precursor..is generated outside the reaction
chanbe rfgﬂ@%&ﬁ PP RBIGE 14 G (BBHBEITHig g reaglion chamber by
reactiHé bt Bro¥lio Bﬂgeln'pg%'rso?ﬁl% a silicon precursor and depositing reaction products

on the substrate, wherein the atomic oxygen precursor is generated outside the reaction

zéte, the method

chamber;
exposing the silicon oxide layer to ultra-violet light; and

exposing the silicon oxide layer to an induced coupled plasma.

19.  The method of claim 18, wherein the silicon oxide layer has a

temperature of about 25°C to about 900°C during the exposure to the ultra-violet light.

20.  The method of claim 18, wherein the silicon oxide layer has a

temperature of about 300°C to about 600°C during the exposure to the ultra-violet light.

21.  The method of claim 18, wherein the ultra-violet light has a peak

wavelength intensity at about 220 nm.

22.  The method of claim 18, wherein the silicon oxide is exposed to the

ultra-violet light for about 10 second to about 60 minutes.
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exposing the silicon oxide |layer to an induced coupl ed
pl asma. 19. The nethod of claim 18, wherein the
wa@Rlae37©xi de | ayer has a tenperature of abourCRBESIB01/@59897

about 900 C during the exposure to the ultra-violet

l'ight. 20. The nethod of claim 18, wherein the silicon

oxi de é?yer as te ratuyre. of . a ou.tl. 300C to about

600C dari ng [FRES rm 15, Wherel the siligpr pride 5 gppsed to the
ultra-Adlet TR HRINAE3@Mikltad. M 18, wherein the ultra-viol et

i ght "has a peak wavel ength intensity at about 220 nm

22. The nmethod of claim 18, wherein the silicon oxide

i s expdded ibemethad)aficlpim 18} wheteingthe siligpn axidais exposed to the

s GG 8B T B e 0 AT e, o

H,0.ultra-violet light for about 30 m nutes. 24. The
met hod of claim 18, wherein the silicon oxide is
exposed to the ultra-violet |i in an at npsphere

| i ght _
conpri ¢Png HEF msthodafslym %ﬁzyvlhg@tr}, the prasire of BiegiBospbere in the
reactigff@%aﬁrgyér is'ah uﬂ?tl“gﬁl.‘%o %%L& kB Fog? Wherein the pressure

at nosphere in the reaction chanber is about 1
Torr to about 600 Torr. 26. A nmethod of depositing and
anneal 26g a Asinkthod f dspoding ane anwealing wailieon exids fayat en a wafer

t he .met hod, conprising: providing the substrate wafer
substraig, the -d(fiﬂﬁln%sb‘lgess chamber where the deposition of

the si bhikedin@ed@bstAEwaRe EHASHDPLOY DY rBeksacliaiBk Y here the
pl asma generation unit outside the HDP- CVD process

depostirandidhe silibmay exide laier acewnst e pl asma generation unit is
used to _generate an atom c _oxygen .precur sor 1S
Suppl | S EBRE AaSmRR s sen Bt e DL hESHE RHRPR v Brocess

chamBér! WHERINAHE Etite plabMa igher ilidrr Ws REQICIB $en&BREBRkomic oxygen

wherein the silicon precursor and the atom c oxygen
precupsoe that iseppplicdde theoHP8rGY Prisocsss ¢hagibesxi de | ayer on the

waf er; ﬁﬁﬁé&g{é%}sﬂ%og p];'é o t%ntﬂg %i%)lfp—lﬁr\}gﬁoggs% %filaﬁlgtg', wherein the

silico ayer, erein annea

silicoft raRuiss£sndha hioRfic bRPzdndy&urdod réact LpeY dtelsiliconfoxédeduyer on the
300 Cto about 600 C for about 1 mnute to about 30
waferyi nut es; and -

performing a first anneal on the deposited silicon oxide layer, wherein the first
anneal comprises heating the layer to a temperature of about 300°C to about 600°C for about
1 minute to about 30 minutes; and

performing a second anneal on the deposited oxide layer, wherein the second
anneal comprises exposing the layer to a high-density argon plasma for about 1 minute to

about 10 minutes.

217. The method of claim 26, wherein the first and second anneals are

performed in about 4 minutes to about 10 minutes.

28.  The method of claim 26, wherein the first anneal is performed for

about 1 minute and the second anneal is performed for about 3 minutes.

29. The method of claim 26, wherein the first and second anneals are

performed at about 380°C.
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perform ng a second anneal on the deposited oxide
| ayer, wherein the second anneal conprises exposing
wo b@7hepeé to a hi gh-density argon plasnma for BODUS2007/069897
m nute to about 10 m nutes. 27. The nmethod of claim
26, wherein the first and second anneal s are perforned

[ b 4 m.nut h 1 .nytes. 28. Th t hod
of of aidlh 26, Hifarieed Sf a6 Sthefhin theisticon piscpoR el from
the gl 'ébnslstfﬁgfﬂfb&aﬁﬁglgld}@b‘@&fh@ﬂ&aﬁg (ORICTS), REAHEMBREIRAL (TMOS),

about 3 m nutes. The net hod of claim 26, wherein

and atrpigturg pEOMIEES sed EMDSnneal s are perforned at about
380C. 30. The method of claim26, wherein the silicon

precursgr i . h [ onsi sting of .

oct arrefﬁ yl C)S/%q%gjfléﬁé(ggﬁ {1%1)%{%% ‘ﬁﬁ%ﬂ'ﬁ!ﬁg,a%mw Oxygergprecursor 18
generdhyptishexdissotiand of diular dRfigen iithd refidtoplashi dmerdtidn unit.

TMOS. 31. The nethod of claim 26, wherein the atomc

oxygen precuyrsor s generated by plasm di ssociated. of

mol ocul B oxytarethed SFRaibA teHh e uBETRYT WEfFS 5 e 32
tempetature SEabSRt 5P 18%b&#5PE dGrin MR TointhtbAS to&i :
empWafergllpas hef(g at aa t enper at][1 e of a lout% 0 E{gﬁgg%dlftlayer

75C during the formation of the silicon oxide |ayer.
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