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CROSS- REFERENCES TO RELATED APPLI CATI ONS 5[ 0001] This -
application clains the benefit of U S. PrOV|S|ona

Appld i No. 60/803 489 by Munro et al,
208‘16j %ﬁ}é“?&?‘?l ed "A METHOD FOR DEPCSI TI NG AND @F%@/{%NK
FI LMS FOR GAPFILL AND CONFORMAL FI LM APPLI CATI ONS'. This

application is also related to co-assigned U S.
Py SNVETHAD KQI DEPOSTT NG AND, CHRINGLO WEKFILYIS BOR

G 10 SRR ANBE ERESEN R PEETEAERS 5111 o

CONTAI NI NG PRECURSOR AND ATOM C OXYGEN'. This application
is also related to U. S. Provisional Application No.
60/ 803, 481, CBYSEREAERENCES DI RALAVED SrPLICATIHONMNJ tltled

RO R A e g, RN

&p pruncceat 26 filefl Hay &P 22086 andgitlel S METHOMDEOR inﬂ’@lsmmﬁi Awat i on

B A 1 LN Sy A

dhisiaplicglgnmtieslsosrelated fonre- qaslgr@ﬂ Uty ProvisionPrippi No.6A4803,488t eningle

¥ : OvSio |
?‘3“2&2@%?90 B P L s O R oo
ot OO0 PIDK IR FBENG A SHSICON COBTABIINGC
fy@@&mbﬁﬁn%&bﬁﬂg@ﬁr@@@ Oty Fl‘i’cra%rﬁs A B
I nsul at1 ng .

| ayer that has operties (I
Rrayisiqal Apphigation Se B OF0PAB Y @alchwst (rleﬁlgd May 34, 2@H6 fid tmed A

dgnsirt MEP@m&dn@ ‘P‘L)&@MAG@QEE CMEYP%UC%SQ%E@QAN

Unf ort unat el Y here are Q starting naterlals

QRALIES 5 HEIGEPN DIGEERE"q i!raﬁdttlp@éhlﬁ #PpacatiopsirelatadiodsPt i on.
ey drla COSD liSaHoH 810 250/ 45 ab@ Livem#8R08kd VAP S0, 20bHHYitled
conformal filns typica ave good flow characteristics
AR e LYt L AR D VA
IEQBovidiMEARNt apPidad6n fddl el BoplO@End drOMérein incorporated by
characteristics also tend to have high water and silano

(efersnce fajallppprogsdncent rati ons, which increase the k-value
and VERR of the film On the other hand, depositions of
| ow- nmoi sture oxide filns typically have | ower k-val ues

and VERRS, but ame@tSeonRbOPIANANENTIONT ng 30 gaps and

seans due to their reduced flomablllt% 100031 One wa
tIBPOR] t IngfepesitiomaofrbiiecticdHmp.diis pliande itqferma A dighlygonform
rm'elsﬁah{rh%s §doh h&@lﬁn@ﬁr&%ﬂek kz'ZB a ldmﬁk f:dhie? tandl Qod&%ﬁ%h&htya(e g.,a
conformal ~high noisture | mand then anneal 1t to renove

digh fdmdlensiysad {avptict gfch fqﬁ@raﬂﬁEVéﬁRR)TV\anem@m fhsigare fow (if any)
%&&ﬁ@n&a%amahml&raﬁ the!se'lauamugm i §1‘HPI@ G&okikibn. tmgﬂleai ox1de

anneal i ng, . and ensity asma ‘anneal i ng

el depasiviens, hlgh%féor&g@w&ﬁkrém lglavs pegsldtow Célalia‘aﬁ%séas tb%s a

850 el i Em¥IRE ﬁtoagnfxd 98 4n@ 38msaPPHRer, 0kidERIngtH hSobSflow
evapor ated out of | ayer. Sil anol grou ps are also
1-

sheRasrisHesaotand o kiaxe Bich iar s strngblhersS-Qirgenesntistions Whish e

qﬁcréagé e WREIBE 2Rl WERRIEAR KRS OF ﬂigbﬁ%aﬁ?&( el skigWRIr lowlhSisture
result is an anneal ed silicon _oxide |ayer
oxide films typically have lower k-values and WERRs, but are also more prone to forming

gaps and seams due to their reduced flowability.
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that is nore dense and nore electrically insulating
(i.e., having a |ower k-value) than the initially
depRsioh#do9xi de film 10 [0004] Conventional pLREN 00897
anneal s are nore efficient when the anneal tenperature Is

Q{%ﬂh A hi gh-tenperature anneal at over 1000C breaks
AT s PPeBY e thiéelisipaginsoaiteen i 2l devempistyra silicon oxide

RO S firfido Spb&lea doatehal atgh%otguga ﬁfn{ ﬁﬁ@ttehxmtebghﬁrrexﬁ@te gt e
a 300C anneal . The hi gher renoval rate shortens

RATHERPL e Yatern oo %EY"@‘&%’S&“PW@%Wth‘&SéWcQ) blghtweaﬁﬁ@fapnnal
Shi@Bling R Y BHli gh-MtinGiR&asthng BRREIHU HE: BEREAdnSed] QP{eedeE&ﬂQ@omde

bal anced agai nst thermal budget constraints 15in th
fAYBYIS e e tHRpRE S Whesg 2 S’@R’zﬁﬁﬂt gmoynt ofyrpgisterg é%qtatoraétﬁlr?@wf

ltl‘fe 18R Y12 et AHARE 2180 braleni B fito WRErRhd sii-@ Ih&ieds I igh 4t JMPkome
10 E{uer deposited over netal |ines, the nper ature ceili ng

TR iR PP HeSTh e AT - Fisssalti anggpgied e layer

e s e QMASKORH SnokdWdctrcaltY B aibtiiRE L., LV Bbwa R Bl:) #h the
ractical due to the |ong anneal ti mes. [ 0005] When
anﬂly@% fapifedBnneal s are inpractical, a second
anneal i ng nmet hod 20 |nvoIV|ng a_hi gh- denS|ty pl asma nay
B0k o Gonventiqnp| taermaliappsals apeeore pifieienl|Whyn the genselt@BPEINE Bon
oxdhete A lﬁgtﬁfenip&a%%ﬁﬁ&ﬂatto%rﬂﬁm OB dBESivh ¥ilRbPHNES dnll Bép&atcy

fornmed fromthe breakdown of inert gases |ike helium and
é‘?oé%‘ﬁe E?%érdﬁl&ﬂltiﬁ]él"tqe SyEat £ pigpiieaREY b‘B‘é‘% Frie B3 3¢ prvedx e

fhiidh B2 ram 6k aC Atk Bot RS the | 'aﬁfehlﬂfrﬁe(hﬂd Rregdet @B @fﬁcﬁﬁ’d}dﬁ tt@Rfheal step.
renmoval .of water vapor. Anneal tenperag

KoY edtigor (Fppraarrenagals havate P%ttalagtwffd&&@tlst f‘ﬁ’a’i‘F‘l Pbtget REFTHRES
A6 BdbScatid Pro6@n e exh&@qie trehcand@all aneoal 19 Kéifkepdriolid onah Mhter-

IOW th thc bﬂ\@ﬂ%et %ﬂg”f?ﬁ?% «é‘éaelrg]tﬁﬁl lgi[egg}%g% Tgaﬁttre ce lh ngyfor the anneal
emlt,erae(sclot L6y 12 REheGadtn08n; GahlDiudRants: 16w cdnligakeXiettal f 1 | m
When  deposi t(@rg{? E‘ 5]0 Sili Gon oxi de | ayer, the breakdown
SHepalingippeet 47 56198 gl dimes apl e out cone for a pl asma
anneal . However, for |lowk oxide filns that ipcorporate
(95bn Whsn PghsimReRBI GiBp AT t@r@e%@éﬁ@n%wﬂ@gﬁﬁﬁgm al

GAMoR@HY Jlﬁgma/@lumasbm ntal) B¢ {HeA SHBhE RBthEE lﬁﬁgﬁttﬁll}ﬁieﬁdsh&ﬂ $ljeon

increasing it Thus, thee |s d.fo
Setdelavenis XP&?PHé%t t*ﬁ*gg%étmefgl%%ta Iy ot ﬁﬂ@ﬁt@ﬁ%ﬂf’%%wm
Gafk ARd Kellifmfahd #BoRtCHaRA ﬁa@tmrﬁ@huﬁ@ﬁamw stdke e oRide Bl eddy

af fecti n%{ﬂuhe di el SCt ric const@gt_ | ow ngt erials. .
TAiSE gt ot silanol, kands and remeye g@&fts%r%rfgm fRRREEAES 1R g
i @SR Aty pl¢ @R hrle @Bner BRI dvfer BlMARY AT anbleliis, h/ENDE (Bd %o anneal

[ 0007] Enpodi g]gqutirtns of the i nvent| on i nclude nethods of

pEide Al o BOPIRE FAN DN a substrate. The rret hods
i ncl ude formng the si I i con oxide |ayer gn th
dﬂ%ﬂﬂ r APeNERY Snergste PlRYRR REFICHD &4 35 dtsé‘Q&t*tﬂ??&S&t’?"%t“GrfPf@"n

Q4IHEE Borlk BGHE $@de AR Whed GbpoSiOR PHREIDA bxidd éietﬁ@&bildd&ﬁn
reaction pr oducts on the substrate. The at om c oférﬁg ide

(PG EHOY#oT RDOTHB s Susems ferginasme Aaneple OV PYSH
Thes Bt BedsoriBYarng®lowlLthb giglchBatdnRent bh@e SlatclifpRrbHA r@xdvele
Iayer at a tggqper%eﬁ[rg of about, OOC or. | ess, . and

X pshlsrgachRdaagy Ry eressippdss t"él“&nm”ﬁ’d 2kl a0g8Ped
Pddais 6l alr@RR8 IneEFhOdit RN S ciftytehe didveip et MveRmbastede
nmet hods of forming a silicon oxide |ayer on a substrate.
The nmethods may include formng the silicon oxide |ayer

on the substrate in a reaction chanber by reacting an

atom ¢ oxygen precursor and a silicon precursor and
3




10

15

20

25

30

15depositing“reacti on products on the substrate. The

at om ¢ oxygen precursor may be generated outside the

re%iom4&9@rrber The nmet hods nay al so incl ug@T}%&‘:ﬁ@%‘ﬁﬁ%
he silicon oxide |layer to ultra-violet |ight

exposing the silicon oxide |layer to an induced coupl ed

pitheradversely offctivaths dictpstie sonstant df dov-keistiple nThis dridjotherissuner
bRGHUERIB] N inRhts SEROSk{hNGvaRth 20 annealing a silicon

oxi de | ayer on a wafer substrate. The nethods may incl ude
providing the substrate wafer to an HDP-CVD process

chanber where the deposition of the silicon oxide |ayer
occurs, and pro@ﬁ@ﬂﬁgmﬂhﬁﬁﬁbﬂETEE&@WEN§@W§ration uni t

AHog) dﬁnﬁ&hﬂnéﬂ%f @é%@ﬁ%%cﬁ %’fﬁ%ﬁa{ of maRf) g L SRS oxde

generation unit rray used Eener ate an atomc o ygen
9‘#‘3@@34}? sHe nehpds may @eﬁp@ﬂ foeing tbe sifieontamide GYEy qyrtlecssbstrate in a

géaetm%ﬁm%h@y ARG géatam 03@9 Ei{e/@&éd%‘iﬁd £ g&kﬁ&k&‘%
l'icon precursor to rocess ch ere
tiPRQS@PE feaqian pmé@q'.:ﬁr%he %ihﬁrat':h Y hmte!mwxw@y QEERATET Sy be or
?@r@ﬁﬁedt&tsfdg O R BorSihbh R NTIRh Hfodk AUF hisPRCTh ARG he sﬂﬁgﬁ er
he silicon oxide layer is forned, a first anneal my
pEide @V%ﬁa isrperpiEre 9 Hiout QO @rilpss.cah owerapthp siiean oxidh dyer tt> we
fddbsda BRI lwhﬁcludes heating the |layer to a tenperature
of about 3 OC to about 600C for about 1 mnute to about

%ﬂ)o ”E&ﬁ&hm&@&@e%&ﬁ&&%?so%&ﬂﬁ@hsﬁ% J??orr'ﬁg]gl%esﬁfcerf BEL 190

deposited oxi de | ayer ere t second "annea
op & sihgeae. clsarsithogs mmelnpla%pnnlag the Filiegs-opida dyeryongheyhstrate in a
qr%'zg‘ln% gé% Rewtor i mﬂ%&h %ﬁ:cm‘sé@gld
00 7/ 0 6 98

PlaBSIFBh i er

2007/ 140376PCT] US 0010] Additi onal
dritvsitingriepetion ardudtean the esteaice @tomwroetvgepﬁre@apqr 19 b¢ he
JERedddut R tﬁet}@atctl&f’éhlmﬁ% Tﬁ’er}gethJHS ?talsélvintzllud@&%’s‘iﬁfg the silicon

apparent to those skilled in the ar on exam nati on_ of
Pﬁ’ée byede piraxiole h%fmmow the aﬂlﬁwxw&? o g BEPGee eougled
bhembnvention. The features and advantages of the
invention may be realized and attai ned by neans of the
[605] UBRBbhlid Ghe iRFAHR AAdRS0c A ARkDOdRp ARBERIDEd
in the specification. BRI EF DESCRI PTION OF T

[oREalig aﬁsﬂfcen p¥ide laypn gep efsnaibsitgico fThe Wéthﬁ%stmﬁyén% providing the
WAL A9RB10Ch HIECPHSRRAL cm%%p&w@maaapomom@{a sAR6h Bde
reference to the remai ning portions of the specification
darer eoses.RANCRIg S 2oenyiiellesns Sendeatiop apigpusidah TS pragess
WESShet MIRUSHAL bladrlErea @ Xh Ahit ShaWE RS 1ol RndrfE &I atdiBic Skybeh ar

conponents. In sone instances, a_sublabel is assocjated

VreChrser thas fseraied torfhmiPRiC VAheiofest dhakera Thpetands pray alsnipelade

G;g:lﬁﬁg Mifidoh g{e&u&rm hHDPATAPPRRLsS chaliB&WwhSE @F SNESR pr&ursor
to a reference numeral w thout specification to an

@ SeiiogicupERFEicTsprresestojformhigEticon 9xile e op dhegrafers &ff the
b Blig 184ePs!fédneg ARQ R ESnay 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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15[ 0012] Fig. Ifs a flowhart showi ng selected steps in a
dielectric deposition and anneal according to enbodi nents

pyention; [0013] Fig. 2is a romchaEEﬂﬁggw%@g”
selected’steps in a dielectric deposition and
t her mal / pl asma anneal according to enbodi nents of the
[0 8Int Aéfﬁ’ﬂonal embodigTEn T 2 fgaturgs 4re seh fofrth drriain theslhwvipting that

t

?«ﬁiogfg aagﬂ%iﬂaaﬁ ﬁxgléb&g@g gﬁrpg}eﬁﬁ[) foSe %gﬁg Iﬁ{ nt%% ﬁ‘pup%P gxaﬁrgnatlon of the
RPPEIG#Lion 9T mPOPRIIE Mg, by themracgceepfﬁheomhm Toh Salureg 2erbddeatages
%Pﬁ@ﬁwhﬁmﬁnﬁybé Lk @8 bnddheh 805 h S IGRRSHL ?ﬁlfis,
t hermal / pl asimta. anneal accordln to enbo |nen1s of the
Porplitiont and metprs fesmikpd imsthe spgeificaipnpl i fi ed di agr am of a
hi gh-density plasma chem cal vapor deposition (HDPCVD)
system accordi ng to enbodi nents of the invention;
25[0017] Fig. %ﬁnﬁg@kﬁ&m DRATRIRAVARES ! ON of an
exanpl e of gas rin use n conjunction wth
HW1HDPA Gvthesynsiersianargoiileh na@lret 0 editspidiarehitis prsfent ingention may
B ﬁf‘%eh 8P rerd: ML B thé:lleﬂx pbx%o@s o%kﬁé@{éécfﬂo%?o &4kt an

exa a nonitor an pen systemthat nay

w@am Ifre cqﬁfﬁf—'nsm BENGRS wetuwdélﬁoumt thepeyad dearinge tooeld guml@r
5%[%&1 AN SoBd inkiiRed, BVUHHLEQDass M \MQ a reference numeral and

20 140376PCT/U82007/069897 100191 Fig. 56Dis a

Sllops 2 hyyn cdsasin prcof sultinle sinippimepoainiy Wapaelgignee is made to a

CaBLiR Hu‘ﬁérafxﬁtﬁéﬁ%é&ﬂica%h tB'QE’e)@{DFEP%_%%a”"t AGHAIE RGefOo all

enbodi nents _of the invention Al'LED DESCRI PTI ON OF THE

FrevEnptitp s glgeooposyist ens and net hods are descri bed for

mul tistage anneal s of silicon oxide |ayers.
[0012] Fig. 1 is a flowchart showing selected steps in a dielectric deposition and anneal

according to embodiments of the invention;

[0013] Fig. 2 is a flowchart showing selected steps in a dielectric deposition and

thermal/plasma anneal according to embodiments of the invention;

[0014} Fig. 3 is a flowchart showing selected steps in a dielectric deposition and

UV/plasma anneal according to embodiments of the invention;

[0015] Fig. 4 is a flowchart showing selected steps in a multilayer dielectric deposition and

thermal/plasma anneal according to embodiments of the invention;

[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 nmul ti stage anneal permts the efficient renoval of

nmoi sture and silanol groups froman oxide |ayer w thout
redid Job i gh tenperatures (e.g., tenperatu S
of%g%gé?g% e multi stage anneal nmay incl ude &E?|$@fﬁ§%g§
anneal that increases the hardness of the |ayer and

LBl eBizedIhis prsingilied scheypatiqnf &y ojanaple plth mepcerndrieniler togpritppen
-V EeGAR a2 bABE 1AMIRAIMchRA3E hd QvERBRVEs nost (if not
all) the remai ni ng noi sture and hydroxyl groups to
produce a hard oxide layer (e.g., greater than 1 GPa)

Wi th good dielectric characterlstlcsmsg 8 k-val ue | ess
than 3). [ OORBTAIEEP DEAGRISTIQYOR ARG HNE BON r ansf or m an

'[dvzbik a%ysveng%ﬂ@ae&ﬁaé afeqiescn% ﬂﬁnmhétgge'anﬁeels%f ml&h ol dry

lelectric égr W thout requiring hig

Teppalisiegn wgcabpermghige affigisnlirerngvigked mpsiuse gnd sﬂg}oéap@ns fomen
@%déﬁa?&t\ﬁﬁn)mt rEeRrin g%{%@anp@&a&@@g NGmbQ¥¥ntes AXexEIRs &m@t?  The

he first stage o e anneal hardens the soft
Fh@lsﬁé? mne%lm inglude b Sestytieasannepl toad incropees e hiaridness algbalpye gk
RQtovBd %&%&ﬁlﬁst&r@ RS h?J}Q;H@ Eroﬁ;?sr Qfaf& sE&m& ﬁhg%eanneal that

significantly the k-value of th

FENVEHpE flathj 28 tRHGURTIENE MPisEEe @I@.héﬁpxsfwroslvw Eroduseiand

3Le ﬁ&errrs% hedSerSiioh @) il BoddRSdety RA-A3RL AN al-FarkBIYss be

used e anneal process w thout conprom sing the | owk
Raracteristics of carbon containing silicon oxide

dielectric |ayers. Exenplary Oxide Layer Deposition and
AMRdhI Ty pelagagsgniagly 291 tranplgrm an ighighisdeposiediadiraide flmato has

%?gkﬁq%mg 18 %%mc&mqaﬂm e Jeq&@q@gﬁhﬁlﬁ&w& 184 AB Rl times
nmet hod The

‘00 accordin enbodi nents of the invention.

ReE- e mn bl yinties)- cgbwaﬁmﬁglg ok pefe yms thefird slags 05
GRPASdA hRfns HRIDEEIM B %he p\éﬁlﬁ bt asgdbségﬁeﬁt BfcalBNpel (&C%Itdgéisﬁ does

25200rrun, 300mm etc. silicon wafer substrates

IabEEAS0WT 2RAIPIRYR WO cARPR odds pifisantiat w4 e layer.

I'Iﬁ’iﬁ.‘.". ‘}Biﬁtegﬂ%huet 4@ H%h@%fﬁc&hﬁﬁ&smﬁtr&noval%lhéhl ﬁh%ﬂﬂ&!‘stsudh@k highs
1 or nore, or nore, 7:1 or re

snsfyelasrnwv@eala@anbed}se%ﬂ@ anga prasssom! O[Jfowgﬁor%@ ¢ Prdon
ROSEMEEAE: JFBMbEohit iR dileah:d® diditrusisr at e cont ai ni ng
reaction chanber 104. The silicon precursor nay include

3 EmP! '@e LIRRGRALAH Akitdl 95GaRe- 30 silicon

conpoun or a non-carbon contalning silicon conpound
H&z‘i%a f& Lms a(ﬂ%t%}t- The saecgan.;@epand(ﬁa&u&% &hféhﬁﬂi anneal
un inclu ose wth direct Si-C bondin

am:ﬂhqdrl 09 h@g@mt@ Prni&dm@nts, o e énverfion EXbgppiaad PP may include
%&%Qgsé b 20058 dtdateGOR PO ERIH RRNSer T8Y WAE! MB&€rates may include

200mm, 300mm, efc., silicon wafer substrates. The subsirates may have structures formed
thereon that include gaps, trenches, steps, efc., 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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WD 2007/ 140376PCT/ USZ007/ 069897 di net hyl si | ane,

trinmethylsilane, tetranethylsilane, diethylsilane,

te orthosilicate (TMX), tetraethylo
k@%%ﬁpoctanethyltrlsfloxane (OMrS) , PERRS bR

octanethylcyclotetra5|onane (OMCTS) ,

danstyirdedey timptylsileer tasinedyisiane( mma tetrBENVAS; thoBIENS;

@mbgt téuaéﬂxae%ylﬁt&éﬁﬁoé&/%é%ah@?lgy&% @Ry si | ane,- and

phenyl'si | ane and m xtures t anong ot hers.
PG@Q@I}MWI@W#@%@E&@M@& twe‘ethrlsmotmsﬂob@cﬂQM@AmSt h a
MMQS 985S DAL RN &ric@ox b VAL TESS, phidyT, iRk, Ly fhi 1511ane
deposi tion chanber. A'carrier gas nay be -an inactiv
X Shaiest 2qeBmPYeTnt er fere wit h the formati on of the
oxide filmon the substrate. Exanples of carrier gases
(M2 #lu dEbernaganorsliceramyerursar lg@nbe raipell w;lnhr @yEns{sbeR)s ordmimgts

%QSIEC’[I%&JQEC deég)sn[og(\);ﬁﬂbeﬁn e%%£&e$£ &Htrd%% not &Y
al so be Intr uced to strat cont al ni reacti on

ehdsbiaterfarg aith Tiedomnaligreel themt@ fineg ttprsetﬁmteoﬁxamjﬁs phestriede

u de th

e e e SRERELEE UL eer at e by
1855 55 80058 fifle ReRESEHLPBLs 1A I G Bl BRUOR
mlonmnenbeet@ﬁ YLhe axyepnl mgeenngmwesnr mahpdudeditqmc gxy,gemm@tevas
ele?ﬂr}%i?t i éeélgx%{emgo 1dé‘th%ﬁ o6 %Hé*ﬁ&th@%(ggr thay er%gy

as ot her oxygen contal ni ng rs an
therdsoviation pka wEcupoesoh songscul @8N (Phk oghing K& aatmtmgenof

' gi’fgeﬁ’ E&ﬁﬂb‘[ﬁd’{ﬁf %&9 ARG e)czeah@fh% g\%xg?@ﬂ%@@})aﬁl& (& S, 0Pe

one t he ssociati o
195 6tsi) ot d2bAN-OKYRSN EMRILEG (ex, &0 §6ietn)i @hvellmthgf asygrar
gﬁ&tﬁﬁﬁﬁég&:ﬁlr%@d@bzﬁﬁﬁﬁioﬁé éf%'?ec{ﬁ@ﬁ(rs' nvol ve striking a

plasma trom hel tum argon, 'etc., 20 in a renote plasm
gons @ {&ss%iﬁ!ﬁﬂ%[’th@ Bebolc G Dhe LR OHABETL Y RS 361
asma to gen rate t atom C OXygemn precursor
[b® @@milal ldrsscmb@d uieniplst light diesopieitbn] 9/or plasnadissatiationxapan
O |
T ORGP R AR R BB b o BOLPL S0
éma emotelpiasaip geriseating phamberng syradusing t@ppamealpreyuré‘eﬁethapbana to
%&%ﬁﬂéﬁgﬁmh&hﬁﬁém%héﬁﬁ&bUted around reaction 25 chanber.

or exanpl e tom c oxygen precursor may enter from
| et
BT Bl 8 e OB e S oo
dfermetmixed heforkbeing mtmdltted ottenosion chamdber: The peeceiberawey enter
ﬁ/@%ﬁ%{% : T ‘gtﬂ&% é; pgfalterkggtﬁaﬂg §éep'élq{e§ gggﬂ'&ﬁ txﬁét@ﬂstﬁ?ﬁté@zﬁ&md reaction

recursor may ent er romone or
rebreber. nff e exampie thedtonheoxygdasefsot thay adtep e @i ovet drameorat the
-lt%beot*ﬂge: FheAbd BN }gd FiStda didg: a'b ¥ subdAGreS ‘rﬁé ﬁt% 4R HETRR of

rection apprOX| y par a 3 e deposition
Sl fxapem precursor in a direction perpendtcular to the subsirate depos1t10n 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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[0028] Additional enmbodi'nents include sending the atom c
oxygen and silicon precursors through separate ports of a
nu hower head. For exanple, a shower
pogdtzloonecf%SV\D 20071140376PCT/ US20071069897 2@2@%20976“9897
substrate may include a pattern of openings for the
POEELINS Bibsromeindpderapaticte pbmemngsrfomthmmrsorsmemmhs et of

Oﬁﬁéﬂlﬁlﬂ%hMr b@negsﬂgsm 4 ?elﬁy s bé‘g gﬁ?{ﬁﬁ%‘ ggfy%hﬂés or,

|l e a second subset o opem
stF‘i“égeh while treenssubspk (f openings & Stlm&h@téb)r Thg SIhMmcﬁghrsm {Peeurens

StedvelirfpfthBRENi fRGeTBYs &%Rél‘lﬂ% iy %e'fﬁﬁ%ﬁ%ﬂgﬁiﬁm& ReBlBer

until 5 eX|t|q% into t epositio |t|ona

e o 8 derosigmesmasrd Aéé@p@% detals abgug bynessod desiemelpT migpursor
S IIRFRAdiprhént @Qﬁ%’o&ﬁﬂ alchla@ighlt @%SPrgﬂﬁgnapngent Rg@’i’da%n%@llng

Pat ent plication aV|2? attorney dock

ABPIEB I9° 9@?@@“ A 118300 QOSRX/LUbaWHSIM W@&edvm@&s CHAMBER
e DitTlcGRIRE C BRI Ltted orf thb ©heQBy bBe ltﬁ‘gs@gt agﬁﬂ'caﬁ'ﬁl fl €ntire

present application, the entire conte whi ch are
h‘é’F‘@B‘? of ﬂg‘@? He heretydneopporastddy avferende &or allPRmpiss poses. 7
029h1As the atom c_oxygen and silicon precursors
etafpEni¢ieTyeY s sHicuiaervesers reapdy the denesitine chainbpre ey

ORShﬂ' e RYGT x @R Ia}laﬁoﬁﬁpﬁﬂagﬁt@degés%ﬁ b0 BUTHBEE thi %ﬁuafl] ol d

During the initial deposition, the substrate nay

Aepeiiionathe subpiEnte Bahehgld)aconsent @I@rfﬁétr"ﬁb’d?‘é tefpergture (gi30 ghhout
%Cct@abaa%tcﬂ@@ 1mu1imuderwef @ak eEidend Rttty Qﬁécasmi%id&ent

flowability, ‘and can quickly mgrate to he bott ons Of
t‘ﬁ’é’:raé“atﬁ dhebetterpofdhe 53bs g thestrpriuresn thw@ma@tserf@e{ f ace.
030 Fol I owi ng the deposition of the silicon oxide
b@l oflpwigg thg deresitiomefithdaliqee pride lae 2 filsoanmpel may dapsréosmed

pgrotﬂla@fbngtfestaib%nmalom ﬁﬁlsﬁﬂgaﬂdnl%e%%% htaﬂaﬁesbaftqélﬁ 8. %ht he

layer. This i'nitial anneal step may include heatln
olmﬂabanp%@}/ #ep may inglpdn ieatinghanxids laver fopabaptd pisyte tcnloarnmutﬂ%lman

ek ERABRMAN (&, 3 dry-R, Sioen®NWI tﬁ&ﬁﬂﬁﬂﬁéal teﬁ})érs‘tﬁfe'}ﬂy be

anneal tenperature may be sel'ected that wi |l not

nistested fhahwid nptdamege mpfaltlines Suprdtin the subsae RGeS, sushy équlafg the
VREH: 151520 infornelel difdeRtc HefgABpdsitdd@k Eeh alunflivel I]sa&mrﬁnes bei ng

deposited over an alum numnetal lines. [0031
Aﬂobﬁf] nafthBlivelf @F il aﬁdlﬁgg It iﬂ&)anﬂelafstefp'zﬁa%ﬁncﬁﬂ@ 8@osinf @R siltEoh

i ncl ude exposing the silicon oxide ér to ultra-violet
w}e IpyegtetultraoyioladBiy? h&ht rabeve 1 punwidle @ ou:eéﬁ minies.ekike theke

 RErda bR a AP BERELm A rio@RBERbn FBYe MERRNSr@eR Y thi Rflia0
the noisture present in the initially deposited oxide

f dappgited predefilaig andrpdse dncesass thehardpeshpd 88 TR the fil m

[0032] After termination of the first anneal, a second anneal step may be performed 112 to
further remove moisture and silanol bonds from the oxide layer. In this anneal step 112,
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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25[0032] After termnation”of the first anneal, a second
anneal step may be perforned 112 to further renove

no silanol bonds fromthe oxide |a

anﬁgg ste%pllz substantially all of the norgrﬁrérmr%r§
silanol may be renoved to give the layer a | ower k-value
aride layeie theanimma garlegalossnahrepiorheoughirarbon otincibasy sighefrastly el
RXhRe oPhe BiLer the layer was treated in the first annea
step. This second anneal may include exposing the oxide

LRYST R Ger@inPhis Feris £9.4 ﬁ&s Le? sk CSE]E&{, os I rﬁ?‘iéc vat er

and sil anol ~groups ron1t e OXi é f I rst

geneaitipn ard dhgemel fplasmp annexlingpghold 20@rccirding mﬁﬂihocim@ms ofithe thvesion
f

Es%}m&ﬁ uigﬁr% é{leg'g)d %ngﬁglﬂgle)s Iprntﬁfﬁhrg aasﬁﬂ%atfe [to?_@l: gép%%lﬁ'& <%hgrgb% b,

dhempaeroaben ofithe ipigal opide et 1ac3heie$he gehaatiph aS reectian semic alpes

36} mra%mss,@{e&%ﬂl&%&%&&gﬁh GeAGx kA0 LA Lyyygg\h%?

val ue of erring
pe nemied in %W@W%gg}fl sAspsly plegma g@pr@tor wpalymgéD@btp ﬁOQﬂ Watts (e.g.,

900F heksh sma]%bqve} raearaaﬁaun%gg@@eaﬁ{m@go g%g(}m'%%%ﬁg% i ng

to enbodi nents of the invention I's s
2yt P40 k¥ 0scen wikth aroleeule %m(%ﬁl@wm@ a fms expEISS BltonH90 to
GOATPRD & - ThERGRbtel géh@éteh Lo Oy b Srdcisbl ritdy thbivd ?ntroﬂ\}{c%ﬁ
i ncl ude the generation of reactive atom c oxygen In a
IthE ecagoacBinstE® de t he reaction chamber. For exanple
the atom c oxygen may be generated in a renote
HG3A dén gizene-gilices neecyeqt ey Aodniragugsp ita/the rpaction chamyeisGO This

r
B uan iy S ol Wpl o oo A cab oy BAT R 084 04
ST aEBDS S ST N Releeou haboBRBan FETa I, ook ymax be bed
SXAHG Rite RN 660A0 ab it ?40@ WemkB Q5L 0. t&ﬁ]&’era‘a@@ﬁ ol &,

generated atom c oxy g recursor ma hen be intro uce

SINEQ RIPFETSPEBER Fsoigtaply bﬂwlotm@bx?m CTMW@W@W ¢fcon

RIVBELH ®Qhe dhdmBir 80 R E AIMCRM td HohiMR0b £@et | on chamber 208.
Thi's precursor may be introduced by m Xing an

%(ﬂ§ﬁ oTﬁé art(l)rﬁlg Bfﬁ@ﬂﬂﬂ%ﬁﬂo ﬁ@élrs%r's rledcgwt}gane &Lrﬂ\;r"ﬁl ﬂl? clﬁlﬁrb&l th'

as such I'um or nol ecul ar y rog en

@mah@qldedwemrythb@bmw 18 Thg total mrr:%we ﬂdh@cmmbmgng the
6Rde I@ﬂb&d&m@ #2018 et 'dﬂcrlllt @5 8RB JoBREFRAL Yfighel lothyi d

or gano- ['1con precursor such

@@ﬁ%lfﬁét(ﬁ&l by Eppreayrdsresit g vaide ﬁ@w@wspretfbwdrké anaigies whilplpmer
BO%t Mo TeRaAIRAp &l a%no&@éoﬁfo%al%r?ﬁb‘ tay80BedQscaRO4mid 600

5] The atom c_oxygen and [1co rggrecursors
péréﬁ@tl ls\ialshlv sHE Ve Mstderasition twawmrrew@o Al M2y e

&Qﬁtfv’e@llo@@éjeab&ﬁﬁ@ﬁ c%meséj eOﬁHpéépr)ﬁﬁ& rztlpma eliRbBdbout
pressure in the ﬁ@u%t e oxid I ayer deposition
ﬁﬁ n tofagput éQ@éﬁm@ (e &bb‘iQP i‘éﬁﬂ%neawﬁjhe lgverany bephgher
tSQG@roé%ﬁg@@m@s (e.g., 1.3 Ton) may deposit a oxide film
nore flowlike qualltles whil e | ower pressures

g@osm » FioRvird degaaﬁmqleo@eéu&w.ﬂ ﬁﬁfe%hﬁgrr:reﬁﬁﬂ%neﬁ)ﬂh&?fohﬁéﬁer .

ecause the atom ¢ oxygen 1s hi g reacti ve
dé&poBhit ol parpepkie tisng te tpmeratéra@f the ﬁut@ﬁaﬁw@mteﬁrayldbbyez@

as$@§owekyaﬂo%06@ @z, a@ohapﬁo é%%o@uoé esa%)mt A8, The

deposition rates may from about 00A m n t o’ about

JoooA Hasl qnéu@lmennrswwl eril)'l meménqsnhem@f dosnitecn ) heua,
APn, he.. %%tchéﬂ%pfegsu@%ﬂrtbe Qfs 1|n Gahmr: @B(? PYH %% taﬂ(ﬁlt 50
oxi de ma t al

deposi tion of the | owKk, er ma
performed 212. This anneal may i nvol ve rai sing the

tenperature of the initially9deposited oxide |layer to
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30 about 300C to about 600C (&.g., about 350C to about

400C, about 380C, etc.). The thermal anneal environnment

ma an inert atnosphere of dry nitro
%PU@?ngg%n etc., an the chanber pressuregﬁgygﬁgﬁg%ght

15 mlrorr to_about 760 Tar (e. about 50 WO

Jon) /e 0xis Rrrmss2odrracoboBom al forjpleoup k indrmitd ta plequt By

%ﬂﬂsg@gt 'h)%utt lhfﬁfn{{lﬁj mﬁﬂﬂ&%’ce Ir%n@a@al&udl 1L Qe Qo g%o

m nut e 1 mnute), produce an annea‘%n

BssbﬁélawdasﬁéFhWheanyéie%ﬁ@tﬁjme Bawaseahﬂrthqumnw dovess t han
E&Tﬂplét@lb&érﬁdv’e memh tnGckithdol, e 1%%9@%&13&&?1&4%& F‘é‘ neal

does not conpl etely renove the noisture and t he
FepRiptely ARl Efﬁ%‘s%ee °§1dF ey emmlﬁ the apst-drerpal sm@elrﬁim@uaewhyvedw Y,
ﬁ!lrl:lﬁd@%f"af)élﬁ ©.50x} a0 lesd R, 84 mlt@aboﬁh% G@t Sﬁhﬁflﬂ%e ﬁ"lﬂﬁe al

il mmay have a hardness of about a or |less .
él%ciepaoqseneswa@v Iyshepiyn the qfﬂcez‘flml?telytdrt@Mq I3yp5s 2nd may have
dipsd-@ehhdl eneanstARtof b®atBQha®d.d.y hi gher than that of a
conpletely dry oxide | ayer, and may have a post-therm

g2l Alkecvad, F!ﬁisrﬁﬁ arEB &la§ bheh B@?bél%nged 19934 tlﬁnﬁﬁfélgﬁlgealeii ly

pl asma annea then be performed 214 on th her ma
aﬁﬁ“elaved Theplbsmadenqahwfbe cppiicist By prposirgihamaispspbipate to a

pREAYEN 8D YroR 0RO 8 e IR g SEh SURRh 8t BodnO The ﬁlb«%%ﬂﬁay be
generated fromone or nore inert gases such as i um or

&engisted by iduprdseprledridims ICH s mrYdE eprpraieddn sl B aprcidan

BhaaHER ’I(hle @)poa&%sm ZBergenep e tnybeshdud wcm; Wwhe ﬁﬁﬁttge@@
cha omer used to generate the plasm naé
0

m() gwéelt\}\ﬁ?q ?sa, 28 B P2gBrRE i elaalber BAYGG Ebors

Wilotr39 aboansh dih@r @lgaspeut P m&w €Thb wakhﬁam% frERY¥bdAE350°C
about 2 15 nTorr to,abouyt mror r about

20
HRIBPIYA00FHg Bnatmt 3808y daenaqféapléﬁnarwﬂ abbiie o480y BaKBout
4%&&'6 18- plasﬁbwgbo%sﬁﬁ)abagno ﬁﬂﬁdaee ?I @Smfrﬁﬁlﬂ | Tt;@t}&iit&dae
e ayvyer na e _expose (0] asna (0] (0]
&B‘Lﬁilﬁn"i Ggfi*‘rFl?ﬁi‘Pé‘& I ghe fpyer asgy fttaﬂé‘aﬁ?i ?E‘EFF S fg{%‘é" 1A% %E plapen
an@als mhanﬁhneem&mﬁyeatslsﬁm&nﬂlanly&ﬁaesmhaysanat &dre nEoihgt afltsilalol y

G Pl 117871 (LA 2o R ARV v et

i (L Euangt] $d dbaial.4: D0 Siniikey,| thyk-Kalsd foi 8ORY@Xiagi®e (e8s Gan,

B0 The dipeqied eide ey YSine g 08l Sfe fha Bited T v

tdagpetanival off @ nfealizddRebstraty €4 Byutlseo°tess than 3. 0. The
anneal ed oxi de |layer may al so be uniform and stabl e at

[dvsst helgn®adholrtld g6k cHae mﬁ@a&wde&pm‘n adidiRiR|degRBios ISt r at e

e, about 600Q). 0038 3 sho wchart W th
i&f rgle%ﬂmﬁa%gtg?#ﬂ& %ﬂr éff F’in Odd%%%?fmﬁ@edﬁ"eaﬁ‘al pignilar to
Héltak asteheaisieal30oeichod p2iiacCRbdiaRdo the d@ﬁ‘ﬁiﬁ@ﬂ dnemba 304,
gﬁ§$|nvent|on Simlar to nethod

DHFBLEASAYS pryeen L mEserrsgrdhat 5 vetwéuf&g asgﬁf P?mﬂewhnb er

3R2ubenBlb. PERI0A bieb@ s e. ! @k @nOAV BRI To nE&mﬂIx@@lUd BebdkckRb
i S |ntrog ced i nto t.he degméltlon cha 306.. A sil]

(el PO% audyeacted it thealomic pRYSER Frewbith bR 1 iitig axgle e
i3m0.r Rloeeg tioinithedepbauoacs tvwdQGkp annd is faphed thidddve RSisture and

atonj c oxygen. precuyrsor to forman initial oxide |ayer
s}lanrcﬂ groups from th ox1gel1ayer. y
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30 310. Following this initial deposition, a two step
anneal is perforned to renove noi sture and silanol groups
frQmiba.px de layer. [0039] The first anneab,c;ﬁ]gﬁomw

i ncl'udes exposing the initially deposited silicon ox’'d
layer to ultra-violet [ight 312. The UV |ight can

1078916 i ¥i@nseal SARdedndaneRppevishe il dpatisdsbrontinide faybrte

bh(rafvﬁim‘ﬁlgﬁ’:g 1 PO IRV ﬁglﬁ@gm lhére@gthe GrBRAY Amdwe@ﬁe'k Yahue O the
bonds.  For ex - OH bonds absorb

a
F %P&W@ﬁm&meﬁw eﬂ.bwgﬁeg @ag@réﬁnﬁhﬁt evifir Qi) boodsy @pt exapple, Si-
®iH $AE abbd?b OVRadihtidR ANk GEat AN O OMRT, Shick 2Rkt “f‘QQﬁ?J‘ e
g

W light nay be supplied fromone or nore
§BHF6@§3@HHFM§HPH§ | i ght on the substrate. These W |ight
sources may include a U/ lanp that emts |ight over a

H04%d & Hegtinsy bospaliedfiprhenc of meted N ight prowcetMtat shine light
W k@@l STnetdaty llaﬁ%oﬁcéé ?@5 1ﬂcﬂfd§ R§t IXmﬁlfha@blﬂM 1i \ﬁg{e &ngth

es o nmps 1 nc de xe anps

E’ﬁé‘gwe@ﬁ%%f%ﬂﬂgﬂwé%‘v@ﬁ@m 2\4 wv@em) thatipscanrepk infenpity at a

ggypt crypron Chf e i 8 e e RS il Ol

Tg): TORICITY Fg s @Aeiaattflﬁ wa) dWmmdmlp telsmrm)
6h dhme mmam?s Quhide 2,@zzﬁﬁ)r Shing oRRF (yeww 151'}{134 i ght

to the oxi de | ayer aser |ight 'sources may includ

pedifipral UVdighy @wee tay incjudgdasprs thef grovigexoherent, narrewbqnﬁéw Hght
tasesNda ozasan@h@sraﬁﬂc@st&athﬁuamk&&e%se&qe bda xteelt ﬁrﬁ a5 efeS

%ﬁ@% G lasers). UV, 15|ight source ¥¥

e e&@gawmwﬁﬁ eEsolid plgig dapgrs Kﬁg,t XAQA%FF@} uv
ﬂ?ﬂ@&ﬂée@ﬂﬁ 16 indRYe d16deUSe dgtt Qoud@kr ow t he wavel ength range
of the light that reaches the oxide | ayer. For exanple,

fdoksijer ﬁlt&@!nd%r%ﬁoéh&cgﬁ&er%ﬁﬁe%l) SRH WG Wevtenbathed 6Ohe

Inn to keep_ the WV anneal fromrenoving the carbon’in the
liggy et reweﬂté& oxifelaysti Be eryyRls. fittely meEble itk yatekagtiniess
kiiafl 10 SR W 1&Ep he OV ARQY trork CenfRiR Mt ScattOn 20naoMt 60

m nutes. Typical exposure times may be from about 1

fG0a2it eTHQxRIB ML k), ¥H eﬂ%’c‘s@@to(ﬂfe[gv ligR RAMLe FonMbait 1@%630ﬁds to

about 5 mnutes). The erature of the oxide la may

peovhfouinues xpa:ala%eeﬁvﬂegwenﬁm P figm ebrut Unpingiferie aous QeYBm“che

. exBRSUkiRuBRY ahRit SRS I ThE tehdderafid &@hel &sﬁ%ﬁaybﬁnme%out
at nos sphere contalnuﬂg%hellunl ar anmoni a,

35 e PO G AL L S eH BiP o T he T exnopise Day be Ge pls the

BLTORPHE 18 ah BindobihefeRBRTRRH g Hblfubd) Grobr) 81, N O XRASME, Bzchre
rgngeﬁ?rén1abou5ﬂ? Tan togabout g 0 %g% [O 043% %olf%ﬁ%ng

stle d e Prgsspie 6 g pnshisre iy chranbseduine ted \brrrpee

gﬁ?ﬁ@‘éﬂﬁﬁamﬁ@ﬂTm¥&“§0§e@@mgTanneal renoves substantially
ﬁe remai ni ng water and silanol groups to provide a

tﬂ)iﬂb’% QP‘tﬁiobvﬁrBé thEUd anneliah QIQMaI ﬁiay’zbecﬂ:’ febrmeld %ﬂ’tﬁé okle Byer

ue of about 3.0 or |ess) | icon oxide |ayer.
§il4yi Thay sepand priealypraeyen sbA AR ly lee remasreneFerier 200s1lapg @roups to

Bhﬁﬁi@% gpggrelﬁaityélgl h%tan&wf 1bzeeﬁ9r19wqé(@g DY 218X DS LRG0l P Ress)

fer trate to a plasma enerate fromone or nore
|SWé?nt°X@d§é@’§r stigHarda thy élaw%%?al ak4ga mpetipp 80 g plsmperped 814
AR08 adrthilibyl PGS GhGRMR sk RE B3 Pastih ggﬁerﬁé&q}m‘a Bemore

generated in‘situ in the reaction chanb he waf.er may
pRertigasse agh as helium or argon. The plasma may be generated by mduced coupled

plasma (ICP) and may be generated in situ in the reaction chamber. The wafer may be heated
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from about 350C to about 400C during the plasma anneal,
and the oxide |layer may be exposed to the plasma for
ab%zﬂf]., about 10 minutes. The noisture an@cf';’ukﬁﬁ‘ﬁdwsm
concentrat| ons in the |ayer are substantially close’ to

zero_fol | ow ngD the anneal. 100441 Referring now to Fig.
fromzgbeyt 3HERA thof) 408 G duriae thelagme pmedlrand thaokide fagramay be

diRkRas EHe%Iagmgﬁ)P%uH mbaﬁ@o }rﬁlﬁ&esa*rheq{la&m% ANGRAY 400

according .to enbodi nents of the invention is shown. The
RECHSFIAEN tha Y eressupsteipi %@eép ibetewingthe engaldeposi ti on
chanber 402, and depositing a first dielectric layer on
{044l Referring eow Fig. Fheflewaprwith padected yleps imaynubidayar &iélkdtgon
ér?ogiﬁoﬂ ﬁiﬂ%er&lﬁfp%ﬁa Q{Ynelilhlﬁo Eﬁgﬁ#ﬁqg]eﬂodmng ?{He rvBR6E &)

ano-si i con recur sor tom gen precursor
? BAheE4qp i ‘ﬁg? proEdingy sytiyeathioghvepisition plyan;blela@ﬁmnd
%p%&ﬁ | Qﬁﬂspd?elé&é)lﬁ%e?% 8% ¥Rt C AL %9 h;@gaﬂ@ﬁ ?§1ggo§
The thi ckness first oxide layer nay

Pﬁdﬁbwﬁoww the regction g gryatonkig QAYace anghgano- zrbm prccmgn She
BRI QW RG: pﬁ'&ﬁrsmetrérﬁﬁely EQﬁrafe'd b3 thed @l kit Ipﬁl?}l&l?‘? ?srom%ﬁ

be annealed in a two-step anneal i hg process.
ShAeRysacep2inn6 stmshch AP dédie thickyess pf thp Ersheidedpigempy beoabout

50K ERASE S0DR (NarApa3soRlo bbg 2bewer . Then, a second anneal
step 408 may be performed to further 15 renpve noisture

Adspi fﬁﬁ%ﬁg%ﬁosﬁﬂoﬂ%& R&t &13&%0 1 Fﬁ y JE¥mEFeddn Qltv@osg%
anneal perfornmed by exposing t ectric layer to dan
PrRSPInZPraes e Thertivet @é?ﬁb@ﬂa‘qujrf@yeﬁchtdh & Wi @ltheemaliagnep g éncreassy
b&{% hHi‘ah&E 8f tH@ﬂyé}t Tﬁ&%‘ Eec&%ﬂ%léa{)sté}mw tma?%Q&rfo%n&i to AFARU!

C to about duri ng} st eps of he anneal . The

rqm%ft: mﬁaufs@é@ﬂ@olabméﬁaﬁwr@ ethyer fThrsgmay@ie a lp@amzr aedl gorérmedyy
bastpolinome akretic 3&931&3 GORES pfaQnaa boy t‘em]s@rafﬂr%#ﬂ?e%ml&@mh%f‘ 6)

A second dielectric |ayer forned 410 on th

S 5t PEPEReR ah S ATHE fret DTG 0 RN B E B Paydoo-Crfging

$66QRes sirel a%ﬁéa[ | FhelfRY 8hd ¥BOAd REn bR irdt AR D By SARE) last
precursors at om ¢ oxygen and organo-silicon

;ﬁi@d’t‘i?‘gépﬁw’&@%{ Fhout J0giputes ef ect ri ¢ | ayer. The second
dielectric may also be formed with about the sane

{4k nésecopd dieleiris Jaygtmay d3ea be fesmer 410 Siprsubsiyate that egyoips the
%Q@é:)e}ectgé [a9g4 The Ec@&ﬂd%l%ctlgﬁr ofnhe@ Front th@saﬁﬁ%%grsors

dielectric’layer may be annealed in a two-step annealin
67 & cdasic oxygan pdrasgangsitisen prequesprshassha it digeetrigdeyern Ty sewen
GRELIR Im§ARSBE folRed WAEH £8&Chd e RANLARE 8SHOfirsi 1B @%/ Shout 04
to reduce the noisture and silanol levels in th
T‘h@?‘“%’ogbcond anneal step 414 may be perforned to
further renove noisture and silanol bonds fromthe |ayer.

T3] ndigilop@ngdhedegasiionathn ssgpudsiglecticimsr By kapbealaddn ¢ feo-step
‘Zhﬁ-laﬁggtﬂrb&ssl ENEfirst Qi stbﬁ‘@ertmﬁanmd@%@v’ or HREmbIGTRE] @Gﬁ&e%se

dielectric layer may mal nt ai ned at about
tﬂ@ lmsl@@ns obthe Bygreand. to reém&he 113(56@61&@51 slpenl ievalp Bche Sk ﬂiﬁlgﬂ a

kg&toﬂd 2neh %te%ﬁltf 19%( @:gﬁﬁajmed TJ]ﬁnlflér E‘e?ﬁov@ﬂlglsumm silanol bonds from
2007/ 140376PCT/ U52007/ 0698

the layer. This may be a plasma anneal performed by exposing the dielectric layer to an inert

a

,ﬁ)

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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second anneal of the second dielectric |ayer may | ast
from about 30 seconds to about 10 m nutes. [0048] The
di gl e eposition and two-stage anneal c
peg o@%d&ggr several nore iterations (not sﬁgﬁf%%‘{ﬁgﬁ%
the dielectric material is formed to a desired thickness.
rspndameatpf e sqcondaiciéeiriti latermny Jag floanabputi3§ sdooia t¢ #Hiogkl0 and
ansdesired total dielectric thickness is 1.2 am then 12
ep05|t|on and anneal cycles should be done. The
KNes.s
O PR RO B R AL 8 B TR B B TPl forsover
mmwmmmnp@hwn)mmhhmeledm materedisdorched foadesitldlsiclatsst Rer
Leackd r . L a e h eRosi ti
SRR fadl EAA B O LA S S e U R HRAREL b T
oy thn é%dmoesmmﬁpﬁ ezalealaecpiwhould)he ime r"ﬂteelsmlﬁms off beeh dxicsieed

18458 o3 RO Y el s AR Bt AOGOR BBl e 3R
Bepenst erddtpvsipiss eltehawe mwsorqathe trésa) preeswixad ﬂ}mﬂpczsmoﬁ t he
e a%fb%p dtﬂé!t%ﬂ#!a &Woﬂg%ﬁle%%ﬁgﬁué%g)gse&%dtﬁov% gﬁ@'ﬁ deposition

em ¢al vapor deposition
eaﬁ%af&rdb@m@memﬂre aPap 00 Hlapo toi abpey ﬁoqqiamumy 2 sytieh8)A/min).
sub at m)spherl c chem cal vapor 15 deposition (SACVD)

ernplary psition land Amrealdiyst vapor deposition systens,
armng ot her types of systerrs Speci fic exanpl es of CVD
$80d 9 nBerickidibn spaigms that eapEintpleerhicdibndinkss of tht presentriventiononay

Rk R e S R P U COT R AT

Appheed dhdviit vapek dgpositian (PECVBasbtsams;l salp-atmoGdolerid cjlemcal vapor

Y T e e

aoeoridasigns. Wiptdifi¢ ¢xempleesidiD systean thabmay impEonrendodiments of

A ORI ot S oL g R TR
FRODUCHER™ WE( VP, ch20bets/syviing laviilsble fromrApolich Meferrdsy, Gicnoflpynia
for&@ﬂ %B; or all purposes. [0051] Referring now to Fig.
) odi rent of a high density plasma chenical vapor
ﬁ@qsﬁf%ﬁé Lo &%}J@E’ IRl et ?&%&? %%?81 %b&ﬁo@ﬁéﬁtﬁﬁﬂeng
[ accor di ng F?w present 1nven
embbdimerdts inrrcovndmned wmlaheprcwnpommlsls flowg.and dﬂsszrﬂieésl co-assigned

ﬁfjﬂﬁgﬁ% pugg o, @@/ﬁéﬁﬁ%@%w gl ﬁf}ﬂ, %gleﬁo%réagh@fgg @@9« 1, iled

a source ptasma syste
Maa’sﬁ;rao@ywhlehns H80Borated harsindeiréfomenop fwélmem@ss and a
renote plasma cl eaning system 550. 30 [0052] The upper
mwsn] Referoifhig odvatvlide. 5314 énolundeisofa thhrdESﬁjtﬁl,asmthrhichlszapmd e
omtfég '&1%& %V%g %}f‘?e e# 1|0§]1'é gﬁlﬂgﬁ a 5e%sdmn%b I n% fcﬂ;rllgg?}hg lfnr'gsent
mventlon may be deposited on the aluminum nltrate 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 ahiminum nitride. Dome 514 defines an upper boundary of a
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WO 2007/ 140376PCT/ US2007/ 069897 pl asma processing region
516. Pl asma processing region 516 is bounded on the
bo{f N e upper surface of a substrate 5
substré@%mégpport menber 518. [0053] A heate%zﬁﬁggéﬂgﬁgg
and a cold plate 524 surnmount, and are thermally coupl ed
tasnd prasessing regHe;éﬂ@rqu@map@c{sa@g gegidn 6t id b@indedeonSReAbadtbindwthe

LY Qlracfhrl gﬁﬂg 5 about +1-10C
qg,g ° a}cange&g?ﬂja?igq %E:&Itaggsg outlﬂ!?{?g}cﬂ&l’hl s all ows

0 for t

M ?éé*gé‘gr 0 sE R o TR 35 b bl 0 et St e
tHd. Heare pdatc @Mm@héd plate ﬁ%albmfgtrdl of the Hewaiemperainre éd withimg
p 'y S cur te cantro
o%bgv?tﬁ-zsfg’% otvglazprﬁ% of fegﬁ)'gll(% {érﬁpngl{ gg(g § ? 1% a]ﬁ;l m121ng?he dome
pamnpdrgire f@'ﬁhﬁnasousrprqchagesc randzemp landmammrdmableadmemtamm dome

RS LR ARRaLL A 2180 200,008 R AR i S, LR05
%@#ampml Pbﬂlﬁ domndfempérainis glso teduteh é“le\ﬂabﬂmm;vls tems ui\thb ase
g%%tggnféﬂpr% MBS E 3RS P BYokitddE dﬁf’e%ﬁ]sﬁatgoum ed

a contl nuous I nner su ace W

L nsfien! & and out
TR Ep Py S BB AR L B0 A
i dhgmbar ltcolhb renw aysteop ehbasgpgriat 524 i swbptratasupivat rs&mdm 5)1‘8 is

CH&[H%% gfodn'saiéod%ﬁh%s S*l&&%%%l,o l?oﬁ? rrﬂal%bgr%bf eﬁﬁ@@a sta{le

| ower ed er the contro SO0 not
nWefeltrmn’@ub@olrt af dafnbarhl3 hea robbidiadp (rmtigoan) treugpper

:iﬁé‘e 'o:ﬂ%ﬁff@%ie &Je@g% ?.r { sh'b&nﬂn %‘Qﬁ’é éh%ﬁ&%hg%ﬂgt eEﬁo‘P thoRa w

ate I’s ace on a substr recel v
pised o (51 Soveskedsmie tireaprirad gb@mptpr (ADERDOTS fo Besdhe bsiralc

r Gif? e k8l QA g:{‘uﬁ%ﬁ? ; g‘t% é)H B6h B9 (£ RELS 19§Je§s'iﬂgﬁao§19#g§%6§@0

at secures t to substrate su
5w®chj@1p pubgiraieis plapetan asplstate sicpiging pertioh &l 924 smmunmﬂ

SHBstd: @ise s%aﬁ%%ce %ﬁmﬁ%fwn@ qRde flfsén%%mhaémr&mems

ceramc . eria Vacuum system 570
| the lsubaleeé,e w\ahﬁtr@tp eupn@t@yle@bg 51 %\ﬁmﬁ smm%gromﬁﬁ% Bn afe

lﬁ)tdﬂalleﬁ Vs e é%por?xﬂ&nsés?stlg Aok th SahRud RbiRicI2s, ARG
tur ecu ump 528. It shoul d be noted that
t pptotidll e body 525 offers n1n|nun1obstruct|on to gas flow,
and allows symmetric 25 punpi as described in

cE905 Sagretisybles 57 aelees tapipe b@cmzanw@@rhoummmfeyasemrog@g
f a{;‘%%z%ed is gache‘h%ggatemﬁmﬁ&wb% ﬂﬂi&ﬁaﬂ%ﬁ}ﬁg ﬂ@ﬁo%meby

erence te va 27 can 1solate punp 528 from
t m’c@dt thit éuwpigelhody 383 ofeiminimura Perueliontie eas ﬂeﬁam ellovrﬁrsa@mwé

bglr[ﬁﬁgts cfeEdriB?«t 1’11*&8 aSXaVEk, Mt&w @ﬂ@a%ﬁ 5% M@%@ﬁwgs@t hie@Dec

I'y open. The arrangement of the throttl
vEd, 895, epaitvehichdp meorp@rﬁgd haugip by W&rmal (@gte rﬁ!q\méflap@ndwlate pump

agU Al fir 1~ to‘?lf'l fmdGaf 515(9(!:on9$1 chhRP ﬁ[ressgfe%z%éfrﬁzﬁng?’ﬂe £y

betvveen miorr to about 2 Torn The sSource

pﬂ% ma@wﬂ@m‘s@wﬂﬂmﬂé esésllsaoneprbﬁmman@lgnt@ﬁ the girefc padye
;gﬁ;umd%b@ gmf&eﬂ& prf al1d SEITRLLE Gl RN cShivel Ig'cssures

uces el ectrical coupling between the

2@%@%@@7@?@/@0@%%@8‘%

[0056] The source plasma system S80A 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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coils. Top coil 529 is powered by top sourcé RE (SRF)
generator 131A, whereas side coil 530 is powered by side
S r r 531B, allow ng i ndependent po d
f$§68§ﬁ@ﬁ@@gof operation for each coil. Thl!@én@§m§%§$§?
system al | ows control of the radial ion density in
epignBier cBlT? is noareess Py famsewd Rig(SRFAswmaratonil 3 o nvrnmyas s@e deil
899 ks pO Qe AL IR Rhdrat 52 I Bl A Aol bt Sl

driven, whi'ch does not require a co tary e ectrode.

FRAUSAECSat BRRIAtive e caghieils Biss duslipailsystem gléqv@rcamtml offBq adial ion
ra&mfy gl%ﬁarhm:rgﬁ’; 28O Qnphlid r_gaﬂsgﬁla%% Agfrmgr sigt «dhoEh 3@& l.loﬁcrﬁl

he side source R ener at 31B provi

f@f«’ uo tvaal@st igdustivebrdrsperhicdoprort rrarirae prpfipentayelecitode. In
gﬁ@aﬁ;ouﬁgm{ ﬁﬁ%&c@@ ofnetpe 5§ﬂ@px€ﬁges5fp‘ii@ld%0%ﬂ§5ﬂi}%o§ver

may be of fset m t he "nom nal operating fre uencg
13810331117’-111 2&Hiz-pnd dhpecpide sgurce RE ggrpratoy 63 LBanspiadss iy i 3)00 watts of
m%%eat RbrAS B OQRS! ftd @&a@ﬁg & hEREY oftLQ%EZﬂd nerators

asna systen15808 i ncl udes bi as § enera
gt BoB s SominpLan eﬁ@ﬂ&@qwx (5. -TﬁéVﬂ@ g 1 %bh%lz
Sééﬁécﬁﬂ@lﬁ&@ﬁnﬁ&l@%@dsﬁlh y&letiGosBliggkysubstrate portion 517 to
body nenber 522, which act as conpllnentary el ectrodes

ds70A 855 BE%%J’E?stéM SR haRRBa BﬁE KE$BRS) LANARCS1E '%h?d a bias

transport asm_ speci es % Ions) created by the
Stpning ngtsopy 3 ﬁaTI@;Psaﬁ emramﬂemé PEheapagiti Yeliciouplps supgirate portion
%‘I"bﬁ)tb()@ﬁ Sembdd 582, NARS abtia& cATPAARLEB HMectr&lie@ ST IB%RQ gﬁ%@h@t’ém
provides up to 5,000 watts of RE power at

PR sTveRtc aHEs HE FreraBaiRlagha seegieR(cig éq’nﬁb@eated by the source

glagma sledr 200%S BL LEAcSHMANESIER! Tn ApELiRPEERILnAY Bas RF
requency range between about 1.8 to about 2.1 MHz. Each

@é‘ﬁé@“ﬁtp&?‘”qeﬁ%? QP00 gttt REGRPFLR 1899 Mi2t (not shown) t hat
measures refl ected gomer fromthe chanber and coil back

t[stﬁbR]f B\@G@@Fﬁe??’ét\@@ S inedydg dlisdtalineontrplicd gnessizess and operate
Ll d}ﬁngeh;e@men bt 1. M%Sut@qfwrﬁgt@.@h BaiefHfor irdfides an RP
un ers (0]0)

erson of ordinary skill I'n the art.
P SRS A e A S L LA S

W g%n&at&%aa&ahﬁi 18 trbfuehdRe gnGBn &f obefn @B Hrest REfIBOIBS W BY

be Teflected from | oads that have a different

IRdardeaddwiagersen ?fr?ﬁ@%h%!‘él wpiheprt Rl gj@%@?ﬁmﬁwwﬁv desiggg to
roﬁsi% EntPLWad with am@feha@ ifnPedhit® o 9B ehmsARGH Jolverntady Be refREOMET

| ected fromthe back . to the 25 generator_ my

dipe}lp@&ahaahaaea%@e@t ?hﬁféct@%% papegdpnce fiag g genepaips. Th‘ﬁé%’arﬁ%‘ée

Fower (RhaSHR 158 1daangedifisany, & & rkitaitd ToRNRSloidbatlBIthdd 00
ohns, dep endlng on the plasnma i on densit anDn ot her

FEARAIRPISNAYAVErIG5E andl dAmapife BRETEIT pRHRYSe Bféla%PCP RERTRTBY

frnRe WS mAYss tAfls Bihb RBvEIYB0 RAE Befctdingd SREHBIRGYL iBCEREE RorlgO
the refl ected power increases thﬁ@ power.  transferred from

toifesr ﬁ@Etogfewérba?aB%e reflected Bowi ke 3 e Sequengypgliusting the

ORARLSL Bquent cBRIng \@ihe Ee«ﬂeaapbmr iil&fcitsﬁﬁﬂ'l@ﬁovﬁag trRQWREd 864 the
ﬁg?rove efficiency is with natchln%hnetmork O 59ld

ERPAGT Répsibpsre ankprptects e 5%“2@%@& TREY BUe cet
| jERefan Gfprove FRAGIAISGHif aklAirgilivadd B Wi th their

respective coils 529 and 530. The RF control circuit nay
t[86%®] RRtcRing 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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- WD 2007/ 140376PCT1US20071069897 mat chi ng networ ks by
changl ng the value of capacitors within the matching

3”80577145,396 match the generator to the | oadng?yhpe&%%%g_]

es he RE control circuit nmay tune a
netvvork when the power reflected fromthe | oad back to
miéchigametvarks by eheoginglthe aaloerficapanitdrs within temstahing nttofoﬂns ovi de
I abl ont r ol
%Eafc?(r:ﬂlﬁelt %@H(%r?t%ﬁ%) ﬁ%r%oaﬁnghEHaﬁ Elﬁa!n%e% )fhgi{f )1 éngmt t%n? t he
msfohing mely OﬂfCWh?F theipawer raflasted ﬁamyhetmblmleub theageueatoﬁ exceeds a
cﬁ'taluﬁ%l?do r-gbiiﬁ ta&%h hsm%#e&ﬁrgl % SEAIQ%ITRF UnHS
°B Fain frat ¢ Aet

sonme condi ti ons cons ant
atrcuittfionpigsing the @@w}émg @PRWPIkL isitp se1 0O siﬁlmctezt goever i shove snymay

|
L s e e
braolHing @e(ﬂi‘ﬂfmﬁl?twaﬂtponﬁyﬂ s nwaigreceot conditiciecr ease t he

generator output power to keep the delivered power
$N68} Gtherinadabuyesguaysisatlp dabilireg: rdepes Fori epamigé, tize RIagoatrol circuit

10081 ) 1 AL TR0 GUASSB5RCR LT,

Sedense Gt gengiater g@tnutd’eml\le ksep Itherdelsvefﬁd&o(verﬂu!yst@udbr ooﬁstamawimg

QLR sFBOY Y ayeiS Woul d be understood by a person of skill
nﬁtﬁe art, the actual sources used for sources 534A- 15

j@;&%g&&@%@g%@' 528 gegfglss r%&@ 9 sg‘ﬁe dAlggu&%Plggg&;sgﬁém&r
ddr@amesigs Preotieyste siagredliven livis th (vnbfhamb ef witidigare Gaves Aar e
'ilqu)g Hﬁcﬁgﬁtdoﬁ%gg?) 5Es klﬁ ']'r?thé Q‘E @%%Jatggl 8‘%&35 s&igfor s%zHcegsrkglﬂg-r

a top nozz e gas ring top nozz
asF dnd ﬂrmad@alfqomm of B¢lyery3iBes 58 4p @wnpd:n 5113 waties pependizg on the

: t chan er
SERERHEREIIA00 pHL S Rl BETRY A SN Al, A apR
fhamdter FFdhrevghorags ga&53§@a¢/eleestop ml& SahdTB3ABIng3d 2hd/erdep

20158509 vg ﬁﬂ%déc VA g\g “1;51% afpliey §im %Agﬁﬁ%ﬁ c1%§555§cn rv?e\és} &e

gas to ring num 5 gas r| via gas |very
Ichaﬂﬂé@rmgh@wngwd@,w beaﬂWf géﬁhmmrﬁé shown). Gas ring 537
has a plurality of gas nozzles 539 (only one of which is
dMHsdhinfone crphadpesmb dirsh find se¢ond gsaviross) 5 3E4Hawd P3G ardifirst and

géuoﬁfégpﬂou%&fuegas%sgva% sﬁégf fwg@tgg p&% @g §3énig@%tfé}1(g§g¢

nozz angl e may be change
i dapdelivery lipesdBp (anlyasevhe ghwhioh b shoam). oﬁaseihg 58T emoplufadity of

BP0 GHERST M L AU B D™
moorneipved Zanedethe substat. (¥azela fengthend ehazle padeedy l@@bmgpdw‘g
\%ﬁ ﬁahl&‘?nﬁ%e%gnﬂ&%@%#ﬁ% a% g&%h%ﬁ%ﬁ Effi&eﬁ@(}ﬂ(a oé%gs

I'S shown e co-planar w't
Htm aycmhﬁéua@g{ymh@;z ps X0 g:hmgrﬁ{gap Ang e has one hundred twelve gas

nozzles 539 made from aluminum nitride.

ﬂ[_

[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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“ 30 enbodi nent receive gas from body pl enum 541. GCas

nozzl es 540 may be nade from AIN. Gas nozzles 539 and 540
ar dly coupled in some enbodi ments it |

degoﬁgﬁa ‘é‘*’ﬁ‘%t to m x gases before injecting tPEE}ngao%osﬁgsw
into chanber 513. In other enbodi nents, gases may be WO
2O0H pLia08 PEROTE US26eTiL0s080%: ﬁi3xha’d3rcpwdmg apeurenpeichéwy t he

[

bgﬁﬁée“ﬁﬁ%@afﬁﬁﬁﬁ%@%ﬁ}f%ﬁf%é%@ R R
89vsRsali St end 334Dy ehd drivd apg drutth g@dbwuir@bss, 5584@1 535d', 38xide,
gs&% Bé;uyrp%nmglé 2y aélnegfﬁﬁ d;f§3§WAﬁﬂﬁ$x{aP\|ralh%§ Suchdp §£%Ba@ﬂlfr valyes

rovi tg | enum vi a gds iver

sgshomadm shptedf Rﬂalﬁvlééhe @RWH&@MM@ Qe(cmmr val ves 5 not

shown), may shut off gas fromthe flow controllers to the

tWadide pmbtf(ﬂr@@m] whene BamipoableyBricsorwbesserefghanmmaiobed, it naxbec, or
e

9 Fr%]ﬁg g:)tegmglgigé eﬁe%n?ﬂn ﬁlthe g%shdzﬁy gﬁéver }}Lcﬁltlgr? This ismay | be .

d@pmshahp&buﬁmgﬁﬁ ~waymyveb®cla@o@vp 54@3 édisalae f:lgnéeﬂa&lmym\dahw

FHE SRl il R0 e fuf RATRESAR I b, AE Mot
Flax &4 otleer Himpdlar abies, exdirep FBA ad S4HO WY be m];())fpﬁxatgd olb@hergaher
ﬁélme}yqﬁleél Q.J;u\é §-way V%@es%g égﬁzeﬁr&gdﬁs‘é%gchaﬁﬁéf % ?]s péac’ncal to

|ncorporate on 0ot rvery 'l nes

waniéss teeiplue of fheaeented ged dstieery blec{h%w@ﬁ@ﬁlmswmsvabreaed the al ,
efj' [Z(!d&lﬁoﬁah? 6! 'vdé%nocf f)'irﬁ‘[@esl{ﬂéf?l‘[&ﬁgnﬂ ’ﬁe u\sawe a{rﬂa%s
vveen val've and the chanber |t| ona
cmpﬂelzﬁﬁMBﬂf))an%mcvb%nb@h@tbe@wmmgas feycdad B!Il ME@d bet ween

a mass flow controller ("MFC') and the chanber or between
H00g8lsReftingeegaiarie FignS AVEmmbes S 3008 3ps tRe fiegzlei SA g (vdyeh maytbg made

rﬁ]ogl AI% Qﬁ?@@g & ]1'% ﬁ!)z%fé ﬁ?&étglpvéﬁp%l AAow %eéé?/@én@ Ebnﬂigiyof

rrade vent nozzle 545 and
ttcwmnd eide ﬂeweofahq 399954 m@p@m@épﬂ ﬁl@omfw@myaﬂd tliop's Aineladiystigent

Ir
R LR PSS k2531 A sty
dopioagle fridr arp@p émhodlmeﬂé, firel ges muge ﬁ%ﬂ%pmlwm Bruzhe gapoRtlep3o
%Ec%g qoiszosz@ Oﬁédr& m4Ae MEE 5858 c&m%dche”ﬁﬁﬂun% Jgﬂ g5§&ehgégéd to

source 534A su i es source gas nozzl es an

156} gas Bopgles S’&Fﬂnééom@%é? MFW%SL‘S smpols hsrpmopntef gﬁéiela‘f?ﬁ—'@rm top

%'Q:s I%ﬁe 9. 's\ﬁﬁﬂaﬁ@ £ MOBY BER ARG PBLALES maPo 3ol APAGRBE! €
35A control's the anobunt of gas ‘delivered to top gas

wesz&ﬂp & mtistop w%ﬁﬂ%@yxxdtwam eS XdroghisiBsBuch Ao e

%ﬁ&ldas SQu&OREE Ofrhd Hgeskipwiedb t@%gﬁ@sztscan@ Q{phreﬁtg% Mﬁme ’f6

oxi di zer gas nozzlés 540 froma single source of
@W@mn% tacipvang tipgasesantg shagiberhg, gfé%ee%w@wmbﬁ gired én fepp
DRAEN QS Bérereas floQhnté @RMmRASI 3MBYpP: 8REs FThSBRALALSYDE LK
to flow ng the gases into chanber 513, or the gases may
e supPly&ariqus PPEpISAL 15 R A8 bef ore they flow i nto chanber
513. Separate sources of the sanme gas may be used to
400661 § rerets wissovRUE-BeSHEsdplasmelesing i S{0eBBYidAl teenpt e

e G5 RNRY Bre SEREEA R JesRiuBSHBR HafBEH BPpSek ETRexMAnihng system
provided to periodically clean deposition residues from

drrdiiset reEORTBIAETE Y SeTHROTT S8 A% preptepplasip omi afdsaniag gasource
rBAR [, ThAEQWRHErDE %Ec%&%ﬂﬁé%detéﬂ?& 666 @HRRs & JhidftRs)ff om
a cl eani ng qgas source g., nolecular fluorine,
APackos GHY 73 fThg &1ariNe spesien éqsulf%%%@a%@ﬁ@ aggreopyFYtda Chambey
in reactor cavity 553. The reactive species resulting
fromthis plasma are conveyed to chanber
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513 through cl eaning gas feed port 554 via applicator
tube 555. The materials used to contain the cleaning

Pl 3R , cavity 553 and applicator tube

be res?é?agt to attack by the plasma. The dlg??&%gﬁﬂ&&%?
bet ween reactor cavity 553 and feed port 554 should be
Répthraagh glpaning gas fept past $5¢ afa applicavetubh 85 5c Fhe materialt o toof
derthih aglogmﬁhga%%p gcaa%ﬁ 53,46 @w& tébevysgjgh9+1§ Eé'{éQSaJtE

reactor cavi GEne ating e cl

eepl b thealasmg- '&hq dispince bréwegs eeaglpr eamitefBiand éiml ptm mmxkbbe
I O085ce e

qt@gi nggs %tg{a s @%@hrcgl Iﬁgct :?l‘getn coﬁééﬁﬁ%ﬁﬁ oﬁ&%@%fpléa gﬁ%}geai%y flﬁ%vﬁ&lﬁeh

m@@w&n@ffeﬁ% ERCtHiEARViEES 5ér Eeusrating fhe gleplingpiesntacn nwmtewa'stm u.

CORSERURALE Yo efﬁsé@hﬁef&me g%&t& 'ax‘(c?do%?ﬁg? glg,zéu &mﬁ&gt}l&ﬁ&ﬁms
el ectrostati c chuck 0 not need covere t a
dutpriFmpaEFe, fydiagerh ey wn@@rdpm@é@hee@w chsph@raythbtenamzerpeeqmt
Wiakdla 8Rnidin Sitd, Lc&lgeaaaﬁy%ﬁmmnﬂm&ﬁﬁoneﬁ@%&.]as §¥§$o§tqac

controll er 560 control S the Operation of systemb

chivk 5. [da potzwerd tegg covsred wté agumppE e mhengu@woagte@ ammdbe

Qeqihedi&ﬂtﬁ/ﬁlm@wd%mme% dg Hikye (not shown), and a card
rack (not shown) couple %o a processor 561. The card

r[ﬁﬁilf] mcb‘aﬂlrrcﬁieps c§hlﬁg§ tﬁT %?aﬁgn ?&%Hﬁ ngb (&%5%11&% D&Y may
shown ana digital 1npu oar ot
SHFA | MmOty eiﬁgsﬁ@eh 5 heldigiairiye @tﬂomogak)dnva@dt shoeppend a card
YRk @lot GRS &!ubﬁ& tobé)ﬁ!s&%o{ At @b Qa\M‘])ack Ebﬁco%}zﬁﬁi £Mele-board )

control |l er confornms to the Versa Modul ar European (VME

seEpia(SBCOWRPIcho W s JoAles alrﬁdb\slal m@&foetputdzgerds Gatshewnnbiterfage
%bﬁ&f@b&ﬁmnﬁdtﬂéﬁﬁe\% motod @on%r%sﬁmahm OTﬁ@ngt&ﬁ%oﬂdaﬁer

bus structure as -bit data bus and

serfrasdo g Y ersaiodula %?W%WW) stpgqard yayddslines hersd, cprdeage,

GRY &Jnﬁéct&fdlﬁenﬁieﬁ%ﬂ& Bloed 1O VAR sﬂn‘éﬁ:@ d1s0 Befinbemb ﬁ&s@trﬂét&’é as
drive or through other conputer 20 progranms, such

FRHEE A s 1&%%% aa%%bw e e SypteayconTHieT 3 ApgTRis mpﬂeb@? am
bt bLSoondpticr £ 28R |s@redloh @ettarl diitdrifd StthtoetQthed Bst@suter RF

power |evels and other paraneters of a particul ar
(PEEEEsSUCT REPIP BT Tirebotyeemewilelisys dhe computehprogip@disites, for

Q-,se 18 ihcBimih$ ritkidredf %w RPhow& Us/Bis asd dthes BhrBaeters Bﬁé/pz&tkﬂﬁl%r
565, and . a |i 566, as deﬁlcted in Fig

[PE)Q}‘B%] TF‘? 'é‘terfS‘é heg"e&‘ha [R k] i‘i’étﬂFea?Wt% CHTORTFOTE P B SH?JP as a
BT ray MbSYCRTE BEII SR 2 light Siinf586,8s BgRtkd iR FiZD5C.0Nj uncti on
with the exenplary CVD processi ng chanber of Fig. 5A

USSP CRN bR 1B FatiaP O d Jaslod desn @{e@m@%m us%ﬁl%te?ﬁéémsﬁﬂut 0

a cohput er-readabl e nenory 562. Preferably, nmenor
PAYTURREOR W g exmalang £V PerogseRne chriey o 6D ShapyHien SQIW@FEI 560
khdhelRs 9&05@&@ 37} c&gemtmowr-ﬁm nferyeh. ePr%feerQDﬁ%ory

C%stemcontro l'er 560 operates under thé control of a

APy Bf 2 progiskafa et §F@P@d§ 62 frag be ¢he SHe 9%?8@%@5@1 % &ROM,
fromMtanotnbisn menory 562. The conputer program dictates
the tining, tenmperatures, gas flows, RF power |evels and
o[bﬁ@f SREAERESS 56 op@raﬁ@ﬁﬁde?ﬂik: @Jntrgfd?(é%&ﬁputé;tﬁ?oéreﬂﬁ %3&%9&1 in

bet ween a user and t systemcontroller is via a

A IpWer- 15 gtbls fermgt mﬂglhmela@ﬁ 563p¢The computer program dictates the tnnmg,
2&9}7&&@{@@’ E@Ft)glw_/s L@Wef 16985ha oﬁ'@ areﬁr?etéiiﬁﬁ‘ a%ﬁféul'mrbrgde% Tﬁg

noni tors, 565 and 565A, and pens,
sefemace bty epe %gwd the SEstHD ERRETRIET isria qq‘éR rr@antpr éé%ﬁad\ndught pen
(565) for the operators and the other behind the wall
(565A) for the service technicians. Both nonitors
simul taneously display the sage information, while one
light pen (e.g. 566) nay be enabled. To select a
particul ar screen or
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5 fufiction, the operator touches an area of the display
screen and pushes a button (not shown) on the pen. The

t ochwel, @588 confirms being selected by the Lj gﬂﬁmgﬁﬁmgy
changing 1ts color or displaying a new nenu, or ex

[0070] The conputer programcode can be witten in any

S6h wefrvictdan FigoTp utver menigthalfiSeng p &gy, andtiva dightarop. Sfeind G6IA,

%ﬁyﬁgﬁ?&@ o%@ﬁl%ﬂxmeé’mltm%mv%e |52'f rmdo &%d 1R TR, ind

Oot hers. Suitable program co ente I nto a si ngl e
fthEI veall (85 Apnffgr itheseiericp rtqct&}ycwms Baly mengom vmtmnlally disley teedsamer

MokndaBors RN Ehe Ol R oAl € f)h{aﬁge a&mwt 0 se%.% aﬁleﬁﬁﬂgcw&

such as a nenory system o onput er . ent er ed
dengeon; drropgratos taichespngrpa|ogthe Hisplantgireg end nuhl@s & buléon;(got shown)

i
GRAR pgﬁ d](‘)hg@cél%?édi%egg@%ﬁ%ﬁ% 8he f?%.m h@the fﬁgq%;aﬁy éﬂas'g? Ji iU
Podienl#Eng 2 iy reseacior @apple | i nked conpi | ed obj ect code, the

15 system user invokes the object code causing the
WTpLithecompaeravmeran fadg dan Hevrisisn & dui conyawiopal coihput@Pesdeldads

), d r
ﬁ’“’%&%@@%&%ﬁ? o %@3&2%@;%“’} GO WP mb L e
iofherss Brizablopeogrinpedde eatgreé wtef sipgle g @mﬁm las, e r ol
ShiidfitdbiBes? Edlﬁ)? HRUL §bre®bOHREED §1Qt coﬁpﬁﬁsrﬁgmﬂ@&&n asuch as 8
process set nunber and process mber nu er Into
preowBssysteE o e 6pmmNisr e onterey 82dei textisds B Bigl éevgld%mstha r»ode
$ELRRIS, gﬁ(ﬁﬁé @mqnt%mbm o6d3Ts tBiied wlwaﬂ&h&gcohbaf l'i ght

pen |nter ace. he process sets are pre etern1ned sets of
presereriked yandewe ilbrlméz rprtiness Staroyequis thalinkgd empiledretiget gadg the

Ry DGL SR volRE e 86t b&ﬁ%ﬁdsfﬂg@ﬂ: éamp&e&q@% Redad@t ccfau fpers.
Process sel ector subroutine 582 identifies (i) t

dessiopse e (B asads dsantsdfomn HeEoT AN ?xeﬂﬁff%@rw%@tpéﬁ#ﬁ’mﬁhﬂ*asks

(dentifiddn tdosd 5&@9 set of process paraneters needed to
operate the 25 process chanber for perform ng the desired

RE@E LS. sD WP LLPES S RA ANRLBFaf Jre m&&éﬂéammopsua&a@ ofi C

processS relate to conditions such as process

compEeiPEessm &Y 4 Fseupneat ocehRHBERETATE ProsFse glsaa}bér N oEI AR

Ca%&'e;s saec?m%uﬁbutﬁ;% sEﬁC’mQ&ﬁ@rIge {BN &S or sBi36hs QRBRARA on G ERT
enmperature, and are provided to the user 1n the form of

anqﬂé@ﬁ fyasing He lighfrioghiteatace. dhe propsse sptasye ?Tﬁ‘é’*tqn@lﬂe?) etspfgrocess

%Qfaﬁfeﬁﬁis ndddsdabyZtb raﬂnl Jhesﬂeblgm prQ&BJeSZBId m@ RichiHed b bf%ﬁéﬁ%@@set 30

[0072] The sign or nonitorin process
PRBPFrE eRrossys %e%etoawawaaneaﬁa iggpifies ?ep the ﬂfﬁ&ﬁﬂd H@%ﬁﬂ@a@iverg%t em

GRIHiChRb & kysRRD) andiifliht R&sirsd ﬁaﬂ@ﬁp?ocfe&fpaﬁﬁﬁiefﬁleédeﬂ & JpGﬁte the
process are output_ on the analog and digital out

BuesrHshanbes {ps pafArRBAhesierisd PR Thegwoes Pﬂ{agae@asefg@erfonnmg

SEYHEMGREcSUBRRYS EJABitiaBAuMUPIIcSS SasoMPsshBn GACRoW Ries,
accepting the identified prqocess chanber and_ set of

ﬁ%zeéa;@,rews%@@ﬁ@a FRBHPR TR S E TS 8y He T hETST 8UTF ne

S82piete 08 aGQRividel to tAgusen® iiatb@ioffredifde THSpdrBbSerPERERES
chanbers Mul tipl e users. can enter process set nunbers

dﬁﬂmﬁﬁﬁﬁ%§%mﬁﬁ ing (hedighte/GRI it ptertaseer can enter
nultl | e rocess set nunbers and process chanber
m@é RemeaitodgsheourierersBaviduiydin aslog pd dalabiapid

F’Jo%? §15s‘§r§e1h Eoﬂu%ﬁer%% I 26& the SBRAUERE Sontrbllis BE BRLAs a8 SHPEHEMe
subroutine 584 includes a rogran1code to performthe

s@@ﬂ%a@fdl@ia}OWP?@S%@YSFH’@OBW&% on of the process
chanbers to determne if the chanbers are bei ng used,

(ii) determ ning what processes are being carried out in
the chanbers being used, andlfiii) executing the desired
process based on availability 10 of a process chanber and
type of process to be carried out. Conventional nethods
of
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noni toring the process chanbers can be used, such as
polling VWhen schedul i ng which process is to be executed,
% §ybrout|ne 584 can be designed to E@%%&#Hﬁﬁ997
conS| era Ion the "age of each particular usér-entere
request, or the present condition of the process chanber
wmw Droews $qqu@e¢rpmrbtsmn 5§ comptitre pobgsinr@de for acesisg the
?cﬁ 885 cf?a[mb%r ﬁlﬁlsg%%ﬁlgcég? IR ES fo ﬁ{e LY, s%lg:%r subroutine
evaﬁ actor a syste pro ramer I°Fes 1o udae
ﬁ &2 and derecppir lingppeiehechd tiervgriqys process plwmber[somﬂplwsere gan enter
PRAUE A BlmBUDA BldoAS RBbeRLBEN HE 36D c&feﬂ&?amugﬁamef
process set conbination IS going e execu next
prgere S avmisrntang pracese cls@ber mymbergt sesueewe subrquiine T4 settedules the

BARSESRCaSL R cRER N0, e AL B PSR SBh s
Rreizean eedtorretieying stens lee(Lpnenteseg theonezadike of the mhenaﬁacémn&ersto
ARERRS SN b¥an@ER %fe b%iﬁ@ﬁé%@f ) 8RO pBGERE S F&n%

process set sent by s uencer subr outi ne 584.
EXdnrpie eBanghersdriagpece, 8@6 pbreriting s desired proecsypasedsanswei

BP@fn%éeQ@éhQﬂb&%?& Qb b Hfoce8o bé’cfa{-l{%ﬁ%ét QRRveRSHa( HLthods og

subrouti ne pressure control subroutine 59

ploaiering @mwm#s chter e heussd suchpp pelling Mmgcwﬂ@immh
§1‘dcés's 1sI t8bd Bé%mﬁ&f sé%én'cerrsﬁ&&gﬂb 3?4 &LB8t diha o ERamRer 25

control subroutines can be included depending on what

pPsestensthe fage eletaglepasirulapusseeniued isayreidor the rEpsapfisenditna then
BRREA bR Aber KhRNBEN in ERAAAEIH WKL TRBEBofl R fdr ¥ 8L1dtted

schedul es or calls the process conponent subroutines in
BECHFPE AP tHe e Ry Lt RiPSPRBERdssires & ingladsfgr determining
AReULe Prinfehhamber manager subroutine 586B schedul e
process conponent subroutines in the same manner that
Tﬁﬁﬁﬁ&ﬁ&@mﬁHR&QMBkﬁﬁw%gﬁdééﬂﬁQHhﬁ§hPﬁ@mpﬁﬁ&8§§m@ﬁ%&§?&x30
process set to execute. Typical hanmber nanager
serpbiptiion iesoBgeBbe W?Wé@x%%eé‘ﬁﬁélceéﬁu%ﬁmf o IRgatereqpap oifae

%%E@Q@étb Eﬁggﬁﬁgmcﬂﬁtﬂc@s@e@&mﬂeﬁ% £ HIRORGMnGoch A ebulife
e o era ed base t he process garaneters for the

é?@%—é?sgfh%tsonpels BRlEplsERReEe takeinCagaiehel S 39@08511)1)’ other
2R AR ERRGET A4S0 16 DB BRI%s 6% Ssbby @auesa&r Sutehaab 94,

conmponent subroutine responsive to the monitoring and

qﬁhgf ﬂaﬂffpﬁg oiscthglﬂﬁcr chQ}%@At sRELALS Q@su@gtrawoglh&%%’ubl%nﬁféb er

component subroutines wll now be describ
588, @raspt E23 Wil gubrowine A PEBITeSAREY FRIRIBROEY g miagga control

%EIQB&{H:E k62 288 1HoRP deﬁﬁl%r sRAlG8 Fh%@h %ﬂ’l@%e&gﬂz@ EhaP&ﬁEr cRIndbend

nber conponent s hat "are used | oad a substrate onto

sonEd ﬁ@t@t@wwqmﬂuﬁ% dppendipz ISMIE?éP%ﬁSiﬁS pESeleqtip by
S5l 8RR 5 1R Y %be%&hoﬁ QbSO nlah (%@ﬁﬂcuﬁfouﬁﬂe 5861 Wslivay e

into chanber 513 from e. a PECVD reactor or other

rsehsdeley oriclstthrrragerst @memn*d@(mgw Brfrcogdanesy Wiy thgparticular
RrREeRI8ivRE s BASuBE AthahBBRh L&A 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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[0077] Protess gas control subroutine 590 has program
code for controlling process gas 10 conposition and fl ow
ra utine 590 confrols the open/clos 1] f
thgﬁgg?éygaghut-off val ves and al so ranps up?FQ@%@B%%§%P
the mass flow controllers to obtain the desired gas fl ow
iexgeaion ofja chagibgntsemponeshpbreaiine rewbesigtte fre soniterog gat] degprmining
Riefcess gas control subroutine 590, are invoked by
chanber manager subroutine 586B. Subroutine 590 receives

t.i &)
BAPGOR-RAHFTEH 6L UL SUATIGS JBDS0RIy L LA, %5E
Tsfpasaltd Kigs. éf\@ué 819. Gebstrafoprsitiohing eibranting 588 cB@PricpEmgamivede
R
deybar $48.f Jubsiratanositiopipg abruiine 588 mag Waorbwiroltemefga a substrate

%H@ El‘%ﬁtole{ﬁ %L%ﬁl,Be. g?QﬁE(éVl') ire)actgldelr% ?re%]&?&' irfl {hg Yﬁu[tﬁéh%b&fs stttgﬁ,
ur Jas

gas supp yBLlnes as necessary. thernore, process
@Berothst protdstieghas heens9@platas i ncl ude steps for nonitoring
the gas flow rates for unsafe rates and for activating
{0F7Posat gt yondialubbfines8) hiespregaencan farmeafodingprodess gon i S
I _ jpert.. S as
R e
phtofivelyed andlse ragtpa mbeampb dvor the messdlomcentpliods shtgathe desined

' d . )
AR AN Bk o Rh OGO BERs, AR A ER SRR SR e
1A arerievokedjorschambes npheasboibrogti® 5868 BwbrentinefRO refeived precess
FRERERAM0 Bafibd BanieEEnbliu N RES A fod O iRt MW, o
bl +0F . .S I ' from
5] AR broch Bk BpRAGESEDI0 ol s P BRIAL EfA,
(FeOS)ly (predtet tvyiseycines dowagittodsarn(8) COVBTShe radiogs to tve
R B0 088 (EQNA Bom BRI Cer 3o MY SHAIE Wt B ERP G By
priescafitheagas suppla liersis hesessery's Evrleymase, pragessight qopidel sitmgnting 90
I?x?ag'i%ﬁﬂd%gte Ombii@Hhgnb gis%Wr Qﬁ%ﬂuﬁ@fe ml%&ran&r&;ctwt&g i
r p a ol su I

cess, the process gas contr routine 590 regul ates
tspfetyfehwwiiofalvehwhepan uyefecopdison ig faecipdessure in t he
bubbl er, and the bubbler tenperature to obtain the
de®Pl edope poessesgagnd pwsichesrzonds Mivsd idsddmatrdVdio stahdize
qﬁes rgsglﬂ inV@e &ggxgérjoég e7r§§:gé éﬂ}égso%ys g.@ﬁt?o?du&rd.o ?@ﬁ'ﬁesg as,
flTowrates are transterred 1o process gas contro
uigeoer haprobes sesoprd sdsyitipalWrierregrammpd@8ndlude giepter fivies
SRaR PRER RRRACATHLAL R (LBt LR HPER PLERR 1 B
phaslsor Bhie stepslddserifisil evove mapdembanagielont. t he desired

[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 subroutine 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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5 process gas flow rate by accessing a stored table
contai ning the necessary val ues for a given process gas
fl QW Jofh 8oz Once t he necessary val ues are obt /ﬁg 0079(}3&97
del'ivery gas flow rate, bubbler pressure and °er
tenperature are nonitored, conpared to the necessary
\PAICES Sasilny Bt axstiiansfared @rmwgel gas cqnoolgRroming 5PY eare®ssgas
L@}s. subroutine 590 may al so control the flow of
heat-transfer gas, 10 such as hellunr(kb) through t he

Wi -
(OB, S pRRBS 3RSl AR HE SR nGRME S rhboBibing e
m@ssgasdehrmaslf@wm |bpbldenpsase, tarrrbbtéulbsrbmmremtedortthﬁsiesued
gyp&é‘éﬁgaéa%bﬂ E sx%r alc’s?o?iﬂ:‘tgtil% %J%ga‘ﬂ@lj getﬁ #e%es@ﬁ?(rﬁgﬁs kfryr a rghi%n
Drgessiges flaw ’@tﬁo |an¢ thenwaisay valve ardnbiringh, thhdelivhin gs, ﬂommch

I
e o B B e TR PhE PR sy
s‘a@)sfhlrsﬁldeccoffbm] Pressure control subroutine 592
i ncl udes program code for controlling the pressure in
dpesabEre 1Bd@sstaps canyoll sabrpwtiipe tHemay g coftrd] fthe fhnpmf iherdrtrarfsfer gas,
LR bl @), Be B0 dhdhnd D nc BB agO el il %mﬁ';@frbef

ere are asl C ro
Ghrigpdndent \‘vwltmn eonolt(FH@tsubreutipg (npeshowhle The gast ﬂomhmlly @Iupless

(zifdb GDALRGS %'cﬁdcﬁg Jlgpléé“gﬁgﬁ R FaFet W Hea@E b eri'at a%ﬁ tﬁeo’

anong ot er thi tdtal process
shemica freapiinas frabloas §w dvamrhvskthe Iémm&ﬁ'ee agbﬁﬁpteﬁlgompmhvgk
f
pagstytdHe I B B Kbl S DR HCLYGy R kRl dpmage
reespxislaerfeaiars 9n thesbftiate n a st eady-state pressure [0084]

Al ternatively, the chanber pressure nay be neasured, with
d0¢fghbesstusrcorionl subxuitipd B2 iwphedes hregrpro sodei forrontroliuke the pressure in

2@%&?@%@@@5%5&%% g;reruﬂ% di tﬂl%ttfeeraR'E SRS R LRAL erﬁon

assum n ontro oint 1s w

totf dhetsbarirar Theze aseat lasgt fyaBasid r@ﬁﬂy’daﬁﬁpoewhnﬁhe dapheriviip, thffTh e
tﬁfgﬁﬁ LalfEl ﬁ&%ﬁﬁ%ﬂ{oﬁ stk orl BadibEARhERITHE Em@éfu?esa% Wr8ates to,

nges, as t he neasurenents conparlsons
oaaroggr ptheri things, s sxdl ipecesd i ol 1R aiz¢ efithaprogess qlm!ab%raed et

Cpg}r@ghlg@apame THe i rneﬁrs& RAdnARY vRGe $523) & BRIV ScRmECT Se

nber pressure is not required, whereas
tthrettle aﬂlveﬁ%ffep rﬁes@ri mby%@ard@smﬁﬁbl resulied Beagyrsiale Plrraice,
repeat abl e, 30and stable pressure is desired, such as
d0084h 4lterhativdlypibs thainber pefssige inay/karmeapigeB Bjth V\nenorpﬁeﬁwmnple,
Ca?rﬁ E}{egla sn?&pd'f %Bﬂtl@ €31€e2'1%6 !nﬁiy 'bQ cggl& Jop:ﬁnéjtg i'ersﬁge cofifrg

ar ge pressure IS rec as a p raneter rom
mbm‘gtewe Shansgyeingsinopielippiat 5 %Bn fhbﬁ@sedarles seidntzepflowsaml

2004424 gﬂgpﬁg P&Z&Q@@%ﬁ? lguzer Elﬁm%%ﬁ,oér’égéé&{aﬁ&s, e

pressur er 513 one or
CIOFRYE EINENd eMIIFIEns(#Né cai@rﬁ@ﬁ@taeqosxa@@ With dhedaiter pethofieare not

QH@J@@ MFhe ?Q‘gﬁﬁﬁl@tﬁo& Bgy ERRsiHbE %h\éfél Hefss ):(fntrgl It chahge f)ressure

pressure; talns praoportional tegra

olirS fgtaraired, ghhere) i) latm m&ed meph %@msqb&rvé@rqﬁneselrﬁ&e rqpagiable,

C dj usts
RSP gy B L AR B SR 1

[0085] When pressure control subrountine 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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5 val ues obtained fromthe pressure table. Alternatively,
pressure control subroutine 5921nay open or close
th ve 526 to a particular opening s
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e[msm o &hekd aviangeiof valtes isreidad, it ngderstond ghag each entg veninggalue, to
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onpri se, onprisin I ncl ude, I ncl udi ng
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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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when used in this Specification and in the foll ow ng
clains are intended to specify the presence of stated
fegﬁﬁhgﬁm:%ptegers, components, or steps, bu%c%%ﬁ%'ﬂﬁmﬁ?t
preclude ?he presence or addition of one or nore oL Aer
features, integers, conponents, steps, acts, or 5groups.
VO4R0] | SlsClLiig WaEDs ‘|cSmprise,” "comprising,” "indudeA "melubing," efd 'mkidey a
. q ' . .
e S8 O SRt R0 ol RS o W B sy e
oresence off statddifeafurese atstrarrowhensiaror bypsy b dtely Agnetpregtuderine
?&X&%@oﬂd&ﬁw St ¥ ke BinsH ée%t&@é? il gﬁ%}ﬁ@&wﬁ{g teg&%é,' &' ng
eactlon products on the su stratg, efeint atom c
&oppen precursor is generated outside the reaction
chanber; heating the silicon oxide |layer at a tenperature
of about 600C or |ess; and exposing the silicon oxide
| ayer to an induced coupl ed pl asma. 2. The
method of claim11, wherein the silicon oxide |ayer is
heated to a tenperature from about 300C to about 600C.
3. The nethod of claim1l1, wherein the silicon oxide |ayer

is heated to about 380C. 4. The met hod of
claim1, wherein the silicon oxide |layer is heated for
about 1 mnute to about 30 m nutes. 5. The
met hod of claim 1, wherein the silicon oxide layer is
heated for about 1 m nute. 6. The net hod of
claim1, wherein the plasnma conprises a heliumor argon
precursor. 7. The method of claim1, wherein

the silicon oxide |layer is heated for about 1 mnute to
about 30 m nutes before being exposed to the induced
coupl ed pl asna. 8. The nethod of claiml
wherein the silicon oxide |ayer is heated in the reaction
chanber in a nitrogen atnosphere at a pressure of about
15 nfforr to about 760 Ton:
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9. The nethod of claim8 wherein the pressure is about 50
Ton. 10. The method of claim1, wherein the
silicon oxide |ayer has a tenperature of about 300C to
about 600C during the exposure to the plasna.

11. The method of claim 10 wherein the tenperature is

about 380C. 12. The method of claiml1,

wherei n an RF power source operating at a power |evel of

E&ﬁgﬂ 0 Ists to about 9600 Watts is used to generate
: 13. The nethod of claim 12,

wherein the power |evel is about 1800 Watts.

14. The iet hotl mefhod b&makidg a siltiven ekide tahe ohaackisiramn, thdasheat
COP% . A, Ppressure of about 2 nmlfon- to about 50 nifon- during
e e%‘posure of the silicon oxide layer to the plasna.
15. The fretmhgdhesilicoh atite lhykerbe reisnbstrive irchandien clphdsstir ieadtisg
out 20 nifon- . . . 16. T nethod of claim1
M o e R E R i e arrad o ek poS (e EHEBPA L
subgratega bertin theratomit exteon prvautior IsQendrired @ssidelifid frectior thaatben f
R N I TR R M

of form exposingihk kiticm oxdedeyet @yeindotedaoguidistlasaiae, t he
met hod conpri si ng: formng the silicon oxide

| ayer onpt he "ﬁ'fé%‘il{oﬁto?cl%liﬂl ﬁ“rhgl%ﬁltthéjﬁhc%n%mgg[ Q’ s]ge%%ﬁttd a9
atom c oxygen with a silicdn precursor an (%posml ng
teppgatiedrPIprodi A0S onbeié0&Ghbst rat e, wherein the atom c
oxygen is generated outside the reaction chanber;

exposi ng3t he Fiehic@RR oPYhidel, k¥R thosilitoh bRy 1a94red hdaled R about
and exposing the silicon oxide layer to an induced

38(90(&pl ed pl asma.

4, The method of claim 1, wherein the silicon oxide layer is heated for about

1 minute to about 30 minutes.

5. The method of claim 1, wherein the silicon oxide layer is heated for about
1 minute,

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

7. The method of claim 1, wherein the silicon oxide layer is heated for about

1 minute to about 30 minutes before being exposed to the induced coupled plasma.

8. 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.
9. The method of claim 8 wherein the pressure is about 50 Torr.

10.  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.
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19. The nmethod of tlaim 18, wherein the silicon oxide

| ayer has a tenperature of about 25C to about 900C duri ng
the exposure to the ultra-violet |ight. 20.
The method of claim 18, wherein the silicon oxide |ayer
has a tenperature of about 300C to about 600C during the
exposure to the ultra-violet |ight. 21. The
met hod of claim 18, wherein the ultra-violet |light has a
peak wavél-engthf ni“‘ﬁ}toér‘i%f’lﬁ”;‘}n Kt whesdn the soppepgfre is about 380°C.

22. The nethod of claim 18, wherein the silicon oxide is

exposed tD t MEhehdiiod\vk Glhigd 1, lwh@hin sn®F Iﬂiwéuiouﬂda op@EH3Gt & fower
d of claim18,

eS8 thoR 1ol VHE it o éﬁé@%@eew Pt r avi ol et
l'ight for about 30 m nutes. 24. The net hod of
cl ai m 18]3.wheTteinmetiodef elain 2owhexindie Hosreekpd satlodtd 89th@atts.
ultraviolet light in an atnosphere conprising helium
ar gon, N2f},e 3R
The net rl\l%d of gl alm %Eaa\ﬂﬁgggl?ﬁlﬁqﬁeé%%gggﬁn é’ "0 asaﬁressu?éOf
abRuivDR pere foeabpi SOmel oriecieing B cxtivarrb ef the silietdyeeride Jaygign theglasma.

about 600 Torr. 26. A nethod of depositing
and anneai.i ngria n%tﬂo'd%@ﬂalﬁi(lﬂ%rél@ﬂﬁ@Ehaﬁ‘ﬂ)e?r\é@ﬁl@‘is SBHRSD Ak
t he net hod corrprl si ng providing the substrate

vvaferto }—_RPC}%) £es r .where the de SItIO
of the sificon°sEede gﬁ‘ esﬂlconomderaye ?%\Vﬁﬂjﬁ‘bt
plﬁﬁtﬁd‘bleabphtasmu@emﬂfoattlloomnmest outS| de the HDP- CVD process
chanber, wherein the renote plasm generati on unit is

used to ner hat led.to th
HDP- VD gfoc e'@ltse?nelﬁgog%aal%yé %elgln{i‘he s1hcon P 19& layeé 1sselx DSE(? to the

plpmedorabort trointlae HDP- CVD pr ocess chanber vvher ein the
silicon precursor and the atom c oxygen react to formthe

silicon exides LRyed opﬂamtnhga m&romde layer ona sub t(ﬁ%{ﬁl@fﬂ@h@@ a
first anneal on the deposited silicon oxide ?ayer,

cOpyEFBgn the first anneal conprises heating the layer to a
t enper at g8in@haRHt oﬁ@@l%etr 911 %Qhﬂstrﬁg% xfeﬁ’crtloﬁlplﬁﬁ{bellby reacting

m nute to about 30 m nutes; performng a
aterpic ORYECA MilE lsiligpn rlﬁelr&s»ép@sdep@umwaeeoq rmydiets opfesebsiaehe

wBEGR DM aRhes! geplmgsdee% o%fmesmr}gach&ecﬂaﬁxer to a
hi gh-density "argon plasma for about 1 mnlute to about 10

m nut es. exposing the silicon oxide laygpto plitadeleidfsht Pl m 26, wherein

the firstx 306 SEGANG @me;a)elsto% ehdR&aleBrgiR1dshaabout 4
m nutes to about 10 m nut és.

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,
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28. The nethod of cldim26, wherein the first anneal is
perfornmed for about 1 mnute and the second anneal is

performed for about 3 m nutes. 29. The
nmet hod of claim 26, wherein the first and second anneal s
are performed at about 380C. 30. The net hod of

claim 26, wherein the silicon precursor is selected from

the grou conS| sti f oct anet hyl cycl otetrasi| oxane
(OVCTS) , *Fet r“éh?é’t%‘tf%fgf’ lpiy 8, whijei)the silican gxifg itetpagedgp the ultra-

vielIght fR aboliMBsecond to about 60 middies. The met hod of cl ai m 26,
wher ei n the atom c oxygen precursor IS generated by

plasrrad at e r oxygen in the re

pl asma g er a }} %%ﬁ alm i:8uw erein t 1c0;}-ﬂ;é1 ?Tlétemi)aedgtf) the ultra-
viclegligh £56 abosh&F @inntek.he substrate wafer is held at a
tenperature of about 30C to about 75C during the

formati 094.0f ’hﬁ-qnéﬂoldio? ngimofg, QI%GIJCI%)ﬁ?BrS'ﬂiCOH oxide is exposed to the ultra-

violet light in an atmosphere comprising helium, argon, N2, N20, ammonia, ozone, or H20.

25. The method of claim 24, wherein the pressure of the atmosphere in the

reaction chamber is about 1 Torr to about 600 Torr.

26. A method of depositing and annealing a silicon oxide layer on a wafer
substrate, the method comprising:

providing the substrate wafer to an HDP-CVD process chamber where the
deposition of the silicon oxide layer occurs;

providing a remote plasma generation unit outside the HDP-CVD process
chamber, wherein the remote plasma generation unit is used to generate atomic oxygen that is
supplied to the HDP-CVD process chamber;

supplying a silicon precursor to the HDP-CVD process chamber, wherein the
silicon precursor and the atomic oxygen react to form the silicon oxide layer on the wafer;

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.

27. 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.

27



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

performed at about 380°C.

30.  The method of claim 26, wherein the silicon precursor is selected from the

group consisting of octamethylcyclotetrasiloxane (OMCTS), tetramethoxysilane (TMOS), and a
mixture of OMCTS and TMOS.

31.  The method of claim 26, wherein the atomic oxygen precursor is

generated by plasma dissociated of molecular oxygen in the remote plasma generation unit.

32.  The method of claim 26, wherein the substrate wafer is held at a

temperature of about 30°C to about 75°C during the formation of the silicon oxide layer.
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