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M CROCONTAM NATI ON ABATEMENT | N SEM CONDUCTOR

PROCESSI NG BACKGROUND OF THE | NVENTI ON [ 0001] One
w@b@sa1mBs t echni ques that is conmonly used i n PEEUS2005/014506

sem conduct or processi ng i ndustry for depositing filns

on substrates is chem cal - vapor-deposition ("CvVD")

t echni ques. Conventional thernmal CVD processes supply

reacti ve gases to the substrate surface where

heat -i nduced chem cal reactions take place to produce

the desired film Pl asma-enhanced CVD (" PECVD")

' r i tati and/ [ [ At

MIERBCON BRI SrFON, s a3 FHENG; T SRS CURBIC TOR

("RF") energy to a rePROGESSINGiear the substrate

surface, thereby creating a plasma. The high

reactivity of the species in the plasma reduces the

energy required for a chenical reaction to take place,

and thus | ower he, r ' or such CVD

processes vvheng‘é %ﬁ#@%@ﬁ%ﬁmgwﬁéﬁtherml CvD

processes. These advantages may be further exploited

by hi gh- densi t%hpl asma ("HDP") CVD techniques, in

[0001)ahi ch @ndehseoipcelumeues thaft oy contmenly lussd méhmnmpm@b@@es
eci es

.h s
- procesihel s Per e PREEhE Pufkbier i he Ria xaR G ehtrion v

technigid3! €ldn@e@iona¥Birh 8 TIVID eRSsses Sasfplly RactiVieFisbad® the substrate

characteristic properties that make them nore or |ess

surface yhereheat-fstucedsehenticnl seretions tekeaplped toarpdies thg dwoed filar
Pl A EREE VPRV 0 B0, DRFAL PR Lol delin o

reactagtagasebetiy the dpplédavior nf eadjcafreqient p( R ) shargy tod fb‘actimuz:dme near the
as occur in shallowtr nchlsolatlon

substrgjp shits heredysgeng a@?asm yLhe bigh ﬁ%ﬁ@}%ﬁﬁ%ﬁ %Reéléf 1 e plasma

reduce@'tlllcag }aféﬂhir&?fdr ARRemRAPRIcRnNE ke Exﬂﬁ%’u? [WFerdV g](s h

suc processes I's to ensure t mat eri
temperagured eq:rpsneﬁefdr such (W& gapesses oen ccfmparedlguth copvahtioldlitbermal

CVD Pgsst b A bRetEnE e Ao erIgRcd By ghdc el -plpsna (HDP)
CVD ﬂe@hlﬁ&l‘iéysmavl‘ﬁ@ﬁ hidemde ;ﬁésﬁﬁﬁs %ﬁkﬂ%ﬂ 16% vé‘buﬁﬂﬁﬁﬁsﬁf& s Htht the

such as may be provid with a sem conductor wafer,
plasmsjveicieg age ¢\ei>yénor©frearc@m uWélsle ead ofAu?sact@qlmlcrueafahlus @soaﬂbounder

the umq)?% ear ci?fal%a\% t c%nﬁ{q}ggsa’t %ﬁl Wg&liem géhé%a%geﬁlg ic grogezgws ﬁhgali Iiake them
more éeédsatially férertainrshacific agflichtiensf eat ur es 120 As the
deposition proceeds, dielectric materi al

[0002 1830;#5?%%ﬁ gﬂ%ﬂ HQ/DSHJS 1@%@%9& fa‘vBFedffSIa%%Jf?lgpn ééegiefaﬁl which

s ont strate and forms o
the depdsitetdilmas toefild a ;3@ definddlivetWweeatadjaeent k2i0ed Aructepnsudh amay
occur Pnf shtaﬂgwdtlre%lc ?storlzllt{:onngéﬁ;’g,%lremetal—dielectric (“PMD”), or intermetal-
dielectric (“IMD”) applications, among others. One challenge with such gapfill processes is
to ensure that the material is deposited in the gap without forming a void. This challenge is
illustrated schematically with the cross-sectional views shown in Figs. 1A and 1B. Fig. 1A
shows a vertical cross section of a substrate 110, such as may be provided with a
semiconductor wafer, having a layer of features 120. Adjacent features 120 define gaps 114
that are to be filled with dielectric material, with the sidewalls 116 of the gaps being defined

by the surfaces of the features 120. As the deposition proceeds, dielectric material 118
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118 conti nues, the overhangs 122 typically grow faster
than the gap 114 in a characteristic breadl oafing

wo ambitonss Event ual |y, the overhangs 122 grow tPQBRUN®NS/014506
to formthe diel ectric film126 shown in Fig. IB,

sccur RIS B RTHERS B GEe: /D A8 B AR 5 ALGape orme

overhaha?g aps Qt thB @otveh 24T $hd ﬁéamfesl 120 sxs%essdlﬁ'&l bftht Aflectric material
asma during HDP- CVD processes causes there to be

118 coglpnumthemedfangm&mypmléw grovkasteethan thesgapeli 1ﬂgn a characteristic
t.ed ta 89us, tterln sition
breadlg?efP lta I}IP% | Eae”%ilaﬁ n}’fﬁ, Ovaepo%S f’ﬁu vartg%eglsls ﬁlte dielectric film

126 shé@@dn tFhie 1%pr@eeﬂihgddﬂpbmgoﬁjan@en irit€&for VBVcEDZ&hI s effect
has been found to have limts, though, in |ight of

[000311’ ecent G':a J‘?]quiné R0 @Wh&sﬁ@nd@d% lae ggefglat%% lﬁs@%aé Righ dens1ty of

i ncrease thelrr-aspect ratios to I'ncrease &It

ionic spkcies inahié plaee m‘tanhg HDR-CN Dsprobesses causggghas $o beS}gm;afmg bf the
appl atl ons, e ef f t.hat has been found hel

flm ey TG s B g dRRosfcch iy FiTasanopp E@mena&énﬁ? de ﬁ}oy of material

durlngttH§ déﬁﬁﬁldn%o&@ﬂ%ﬁdé R)eﬁe'ég }%’%Etog@ﬁ @unﬂg‘&eﬂé%ﬁoﬁf EREh R ffect

I's especial’ly suitabl ving gapfill 1n
has beap fihundde haveslihidsithapghaindight ofirecent ttiznds ®i rz«éuce the width of gaps

and 10§35 EasE el ashedttartabta iR a0e Ple PR, el arcui e, VD gich more

aggresdive RPN BpFifcaflodd, BEOEFFERThal & bdeh EAMd NelP LK 88885a flow of
particle-contam nation |evels, nost of the particle

heliung e Buent gag & q@a\‘/uthfgre@ctz@sga@eq tovhasbstratp. Fhe usyefhelium is
espemgl?ngl?{gbg:ﬁf%% eVI g ggbﬁll En n&é)g)hggt}/o%r %?kﬁ(lg 8 ellgshottg] ertain size,

era usin I um Dase

particul@idpii the eahgad ag@pool 150meesses. There is accordingly
a need in the art for nmethods to abate of the

10004 as e gl Tk MRV Bt B MR SEVGLT RS  Adent s

si gnlﬁczmlb/ntlcresseh pugicktcnmnenatibrt leatls,innest uﬂthﬁg)aalcﬂ;&mdritaxﬁlhlam% having
hydr ogen in an HDP-CVD deposition (i)t‘ ocess. based

sizes b@ a‘%‘é‘t gy Bl Gopfaminalin maywtertare advsrsebyyith ﬂlleeQ;@raélon of
dev1ce9 orfed" gr{flé‘ﬂélpﬁlg v Cﬂed dEE@sé fi St %%F)ﬁlll?ﬁ‘@&g&gs iIffEelibiat

e | nc ion 0O rogen OW i Nncreases a
accordmhtgly amged mrthe afft Gor methadﬂmbds of ttesoataatinaivnrelkat ushig a helium-

t ere limts the presence of growmh cores in
basedhﬁﬁb'ﬁi&'&ﬂg ]si?rf’ﬁﬁsﬁl asma. [0006] In sone enbodiments, a
filmis thus deposited over a substrate by flowi ng a
process gas to a process chanber and flowi ng a fl uent

2751 1T con- corftSiTh MOVBRARY, o TP RVANTIARG o =

oxygen contai ning gassuch as Q2. The fluent gas

onprises a flow of heliumand a fl ow of nol ecul ar
[0005]hydr og&he invpetors have discovered that including a small flow of hydrogen in an

HDP-CVD deposition process based on the use of a helium fluent flow acts to reduce levels
of microcontamination. The inventors hypothesize that the inclusion of such a hydrogen flow
increases a driving force for a backwards dissociation reaction that thereby limits the

presence of growth cores in the high-density plasma.

[0006] In some embodiments, a film is thus deposited over a substrate by flowing a
process gas to a process chamber and flowing a fluent gas to the process chamber. The

process gas comprises a silicon-containing gas such as SiH4 and an oxygen-containing gas
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fl ow of nol ecul ar hydrogen being provided at a flow

rate |l ess than 20% of a flow rate of the helium A
w@b@asmeross fornmed in the process chanber w th BCOERB0$/§14506

greater than 10 1' ions/cnB. The filmis deposited

s 45" bR BAPSLr e MUy ol ety LH0OTL L0 S0 croen

flow o@h{b\léc@ﬂg h§tiro@¥E Beih @ PRdvidddaita TRfEfatd RBEthhy 20% @ flaRw rate of the
hel i um f1 ow, "bei ng provided at |ess than 10% of the

heliunt.| Awplasatags fdrntedan Hisl proeass ehaswher sithordamsity greater Hian|185'gons/cm’,
5%.0f, the, fl ow.r e heliumin another

.The i E%n%elpﬁ%l%td vaﬁglefsfl%wa teltﬁ)ﬁ}e p??}s'mahel ium may be between

100 and 1000 seemin an enbodinent. In sone instances,

[0007kan  addn somragmbqdipenss, the ﬂpwafﬂncgwlwdwe@ nw.b&emwafied at

0
ovn b 800 ALl L ERADR0RY, SR S Gl g e v
rate ofHRPh &N deprsérhbaiiment dné anieds thaed% ﬁLthh flow rate of the helium in

charaterls may al so be nodif| i n other S, )
anotheg ggYhogun ibﬁﬁwr{@te& #@d&fw%mw §b¢ tzye?rhég%%ﬁia&%sgcm in an
embod¥heh IR rsbn% nﬁ’s"tﬁééél lafy a@«ﬁmbﬁ‘aﬁ W&@ﬁﬁn&lﬂ% H@}Srobz‘r“ded at a flow
mai ntal ned | ess than ntorr. [0008] fur her
rate lespttian $@°%4ndithgflod rathef ﬂath@hemamlébvadg aputteg ebaradtetisims during the

HDP-CYRE bR 5t s SRaTR. St Shiatioudy ma o5 & el fed Rother
ways, %@WS'@A P %Eg % §Cgbﬁg_|th}{egfbsﬂd§ %ﬁ%&@&&@&%lof the process

e schematic cross-sectional draw ngs
chamtaern@ytbpamalmglmﬁéeswrand@ur@wrrof a void during a gapfill
process; [0010] Fig. 2Ais a schematic illustration of
the formati on of a expansion of gas at a nozzle tip
wi thin a process chanber, where pyrolysis of precursor
ases
0008252 K3 LA I IO8Ha el B Bbftpenion
may bp) raaheakbycfederbma to siomehmagningpontiond aff the specifivationhrd the drawings.
hi gh residence tinme nmay pronote particul ation; [0012]
Fig. 2Cis a schematic illustration of forces on
pl asma particles that nmay contribute to contam nant
gr owt h; [ 001BRIEFPESERFTIONIOE TBXp ORAWINGIS resul t s of
tests using a 200-mm wafer to evaluate the effect of
including a flowof H2 with a He fluent gas in an
[0009]HDP- CVElgdenoahd 1B ArddcaesSs crbfi0sedlionl] dravdBe il ARS the
experinmental results of tests using a 300-mm wafer to
formatgerpeimy@d dhengf gapfill processcl uding a flow OFH with a He
fluent gas in an HDP-CVD deposition
(0010} Fig. 2A is a schematic illustration of the formation of a expansion of gas at a

nozzle tip within a process chamber, where pyrolysis of precursor gases may be initiated by a

shock front;

[0011] Fig. 2B is a schematic illustration of flows in an HDP-CVD process chamber,

showing recirculation zones where high residence time may promote particulation;

[0012] Fig. 2C is a schematic illustration of forces on plasma particles that may

contribute to contaminant growth;



10

15

20

25

30

process; [0015] Fig. 4 provides a flow di agram
sunmari zi ng enbodi nents of the invention that include
w@2dosowroes H2 with a He fluent gas in an HDP- QMDI/US2005/014506
deposition process; [0016] Fig. BAis a sinplified
di agr am of ,one .enbodi nent, of -C\VD s m
10013007 Gl AR Y preseE F e g BaIC g er 9y
evaluatSth@ esﬂe&mﬂlﬁa@@lng hORY SaE, WiA aqﬁe e %éé i H@iP WD
be used in conjunction with the exenpl HDP- CVI
depospticocpseesyy chanber of Fig. 5A. DETAI LED DESCRIPTICN OF
THE | NVENTI ON [ 0018] When confronted with the
i scovelysgf r
o0ty e ey 38 prd AL ApaEh l AR RAR R L oER VRl o
evaluatenl\he Iaffect&)fsmludmg afflowi afdihy witly a plet fuent gds imae HHDIP-€1WED deposition
t hat m ght be the source of the contam nants,
PIOCCSarti cul arly when conmpared with simlar processes that
are based on the principal use of another fluent gas
[0015]) i ke AFig. Fipedviddsrai ﬂdvatliagmnsﬂdmnaﬂz'ing]embedimdtsmf thehigvention

that m%@ﬁ“'f#olw%sﬁbwﬁ%d&%e i o R SRR NG el IR

mati on. In suchfprocesses the fl ows CfSIFM and O2
[0016lrray beFige édripaningdifisg diagranyaf ee erlodimgeinf agdtDP( Y1 system

bserved significantly greater
ammn$@£K”H¥§$£%#2?%%§%?gw?nat|on associated with a He fl ow
than with_an Ar f“g i [ 0019]. The inventors consi dered
18

[0017]5 nhunbEie- O inpeiamlifiaf cass pretPE RE2 epRiEngHlighmay ge used in
conjurRfi8Y biinge E:;Ek%;‘ﬁ mr@\?bg eCSEr Qg SRR 6 F

anlsn1t s consi d ates to t%e fact that
heatlng of the process chanber in which the deposition
t akes pl ace causes thernmal expansion of conponents.

Fl aki ng ofppr AMLEWDESCRIPTICN OF OME PV PNPRGSS Chanber
may result from such heating and the fact that there

is a msmtch between the coefficients of therm
expansy n for SI| al um

001815 P o0 Win RSt FER ARG RSt Ferki Wb BRO A SRpa R HOP-

CVD ddgaanmn bfbc@@seé\fhaf h@vvl@@sc:@ﬂﬁ@t Eh‘eﬁ tHeSiAP&t6ds W oult Fo Idagtify
anberi s generally slightly higher with the He fl ow

potentiahggchgnising that might K@me sypige ebHercopamivty pattisniarlyprhest
compa{resd \Qﬁh %Yl?aq p'(ffs)cfe? E{WL}JC 'ba, ﬁ% iﬁ’“% ?QH?S@ of laql?other ﬂl%ent gas like

enper a ture ar ence between ocesses
Ar. Tmminaa nondideeationfonised n tie/d:pbsidtn uﬂanh)doepedi elhlcaie lds§ ¥ USG™)
the dif renc has an effect on the chem stry %f
C

deposiftigipegass He 902 0% 2EPHENTSHegHEhios fam dprRatioRe In Su
processédY Bt RIws &%QHSE el 15 Ry TRaEcdnipt@led By figw Wk thel iehPEas, with the

inventors having observed significantly greater levels of microcontamination associated with

a He flow than with an Ar flow.

[0019] The inventors considered a number of potential mechanisms that might be
providing the contamination. For example, one mechanism that was considered relates to the
fact that heating of the process chamber in which the deposition takes place causes thermal
expansion of components. Flaking of aluminum particles from the process chamber may
result from such heating and the fact that there is a mismatch between the coefficients of
thermal expansion for silicon oxides and aluminum oxides. The effect of this mechanism

may be greater with a He flow than with an Ar flow because the temperature in the chamber
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contami nation were related to deconposition of the

silane SiH4, in particular to silane pyrolysis,
w@amsphmse nucl eation and growt h of m crocont apETER1085/014506

and surface growm h of mcrocontam nants in

s eenf PRGN L AP 80 SERTRERL oy i ot
effect {3 begisveda@tR sl @heWever, i che ¢ et alivsrénds between the
reaction is inhibited in the presence of He. &g021]
processeyj§ nobgyeat and the mvepipehay e beqn yngblertaideatisy bt thewWifference has an
h kg, Lt] chanisnms may result in the
cffect ?icl)lg mat |eg1(r?1£§f s?%h%ofg?scsgﬁt | evel s of m crocontam nants.
ig. 2A provides a schematic illustration of gas _
l0020£xpansp rgiechaisht abte anyegiss dedpgad warmpnedikeligl result in the
contarhin@M6rPfeRAS1atd 18 dRERRSRi A TREL 1andRHAE) iGarliE3H b Silane
have established that during processing, e nozzle
pyrolysispgasphasamyualesionh aheé gpovthiof mesroodntabmants SO0 Dfatogroavth of

. 2.55" nozzl used in a chanber for 200- waf ers... Su .
microg iR e S TE GFTo G S eCT AERT I, SRTararotiEk e '
believE@HSESenhamicd Wwines Pi@!ﬂlﬁﬁ%@%%'atdrﬁ%%)fo&%r b BGQR 385 reaction is

of the resul

si | ane and propagation ant species al ong
inhibitgd sihthelprésencet ofX2¢). The di ssociated Si and Si H species

may then act as cores for gromh of other silicon or
[0021p51 | anerhased par ik GiRatiB ilieraGbR BT ow theQd4le deb8mpaftion

Illustrates flow patterns that may result for the .
mechagpsatsi reay wgiselhimthe femmtion ef sigotigatideved0ef miszgcontaminanty Fig. 2A

provid{egé s%}%gl%igﬁllés%ﬁgﬁ?ﬁé éziias%g(ggnsgo% (rtetl(l)eytiilg (Z% zis rié%zezl fi(?lvﬁattp(%ovides a

oXl na gul‘a
flow of ERS®D-a56tdse ChathbdrhMedeEnP edsuRORavieestaBl el that during processing,
illustrative; chanbers may have conplicated interior

the nogzie e 20 may reachdemperabiresexfiabp 00 oty pairoemazzle psed ina
chambgggeq'z%-ﬂ@x; fegy%uéﬂgﬁ%?ﬁgﬁngéerﬁs?éﬁﬁéﬁ)?‘%sgacv&g{mgpﬁ%%ﬁlenon that

frue for rost suc
causesdiapiddb¢ratad decopgoiseonfof dra ihdeniag ddamecnd| pespaz@domadythe resultant

. break int | tiple component flows. One flow 212 may
specics plgie aaﬂ?cﬁ%ﬁ%«‘mm_ﬂf@e divecutied Sbﬁldgﬁr EPFICSAPRY gy act as cores
for grafiflicF b@RAbMN¥olbVdifRe basRPARAIES ih B dhakibef | on eddi es

214. Another flow 208 may flow towards a wafer

edest al i n the chanber 0 and w th _eddy .action
00227055 B, 2B Miseles Tofy SOES Be sl bpaRadudy i e
proces$ BBarhB& i 206NgLtibu 18Ry &Fr nB216d 204850sitionsd B prolRIBRIdel flHwsUS fhe

recircul ation zones 212, 214, and 216, allow ng the

chambep2@Q Phrorpeeximsielsieckinsuldecosmwsiion ohthe chambey 290 dmerely

- 0 | i .on Wit L her parti S pd he

stV s B b X0l R oAb S BB Bamap o

patterrsUf Rompeixrveayls bt Alie Zamveas obskyvdlienemaanbed avd frle fde ndasadh
processes because theyare generally run for a | ong

: er .
chambersmelheHly af digspsiedirseies o thingde fegrdes 104mgay breakinto multiple
compdﬁ@ﬂpﬁé\@sbl 6nd HbW®12 may flow upstream in a recirculation pattern, and may

additionally divide to produce recirculation eddies 214. Another flow 208 may flow towards
a wafer pedestal 202 in the chamber 200 and with eddy action produce recirculation zones
216 below the pedestal. The residence time of particles is significant in such recirculation
zones 212, 214, and 216, allowing the cores produced by silane decomposition time to grow
through interaction with other particles in the chamber 200. The growth resulting from the

presence of such recirculation zones may be enhanced with He-based processes because they
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[0023] In addition to gas-phase nucleation in

recircul ation zones pronoting contam nant-particle
w@ematiirosg he fact that the deconposition speciBSI/ESB®05/014506

charged nay result in trapping such species in

tros c traps,, thereb also ,Ng _growt h
are geGRRPLRE:Tof et AR iy S odd BEREe POt PEPasiog cppgarable
films. 2C, which shows forces acting on charged particle 232
above the wafer 228. The downwards gravitati onal force
act Floly t he I
[0023f;nrg V\,hentn RS &to gg? gflagregl\l/l ltegt?&l 1?1% racglgag%n zo?és rEf%oHR%
contarhi@adpypiriole gaivethythb :’ﬂcﬁﬂmmel dccsrﬁﬁ(ﬁ‘slﬂicﬁgspwﬁs e oalﬁrged may result

opposite electrical force qE as a result of its char
in trapgingsugh gRaciss dn glegireptatic tigpsy therehy alsp peayidiag SFRthh&é%ltF’iSo ﬁf his is
iuste 4 St Il AR SR FIE o€, LhRRSHOFPRRCS stfing O chirkRFhirdte 232
above (tllrﬁiwinﬁer 22&i Dhe @vnwdrds prasit@onahiatcd mg aeting dmiht pagek: 232 as a

such traps exist. over the waf esultin n surface
result 3 SRt SR saE ek eiona BiEs IR ey e |aaerpf<ﬁgately
balanc"eﬁ‘ %%Eorﬁ@ie%[ﬂns %'y aﬁ%b@dﬂe@éch%l f&%@é‘éff‘ h$ MPeshF it éﬁa&éé

from silane deConposition, the inventors hypothesi zed
electrie figtd £ Whiileithgpfesense afid tocatien bsukivaledisostatictripsdepands @n the

dlrectl\aﬁ talrﬁc? Stlt[]eglrg& I? t?xa gﬂef: négléerl](?ﬁ 3 rog!%gna/otu:l Zlgl cgn'afnﬁgr E h’Z%WIIustrates that

in marflf in¥tafidks sQetCRapstdR et baciandter, readtingOin swEdédgd6ih b0
inhibit the gromh of m crocontam nants. A nunber of

mlcro@@ﬁé‘iﬂpﬁlﬁﬁts were carried out to test the hypothesis,
the results of which are shown in Figs. 3A and 3B,

[0024)0t h oWhshicohsiddringshese pogatial dotatniphtiinsmechahiiais that result from
variations in the ordinate, direction are conpre

sed.
silane gerompasiiionsthganyentprs Bypatgsized ié p drixeryrosder e ﬁ’?ﬂavards
reacu&ma[d B S rdiSd gcfad %Od AVAS Shal 1 3RG, $08, WRE %ég ghem gas
Fig. 3B were ¢ erate wi th experinents usi ng a
flow. \Earfresrtoru[lg)ﬂﬂzﬁ]a drivinghforéa; ttei ek wards sgaciion wddldtacot inbibit the
d|n flows of SiH and O2,. a fl ow of . was
growtl) b e Gadihyasn e A Jigthe? BherRELeRs Ere Rapier ghaiodest 5o
hypotlf8R! nﬂh@@@kun@ bf RHichakd Maoavnthq%soﬁm%dw b&ihsst »ﬂﬁéh/hréed
at a |low rate of 20 seem e partlc e levels were
Semllqgélaémne dlogiusa thet ‘fmlagerss intleordimater dirpstion altemmnm@sed The results

irel d du hases uent
of Figg T e rera b R a0 RBink oo B e Gl s resues
ofFlgojB friege gehlrat @B txpdrdsents behgra300-phewhRyel s in the
process chanber with the additional H2 flow are were
ppr oxj t 1e]l t he
0025E2P: 18} 8100805 48830 o RO R S0 AT o orre
was p1[o©ﬁ]26}o mce)r«soedec}&ﬁﬁbe:c tit aoﬂow maxle uﬁﬂ@(gscam adierioditally a flow of H;

dro W wth the fl u
was alscy prov?deeg ata ow rate of 20 sccm. e p rtlcle levels were measured during phases

when the fluent flow was entirely He and during phases when the fluent flow comprised the
additional 5% H, flow. As the histogram of Fig. 3A demonstrates, the particle levels in the
process chamber with the additional H, flow are were approximately two orders of magnitude

less than the particle levels with purely He fluent-gas flows.

[0026] One side effect of including an additional hydrogen flow with the fluent gas is
that it causes an increase in pressure in the chamber, which may contribute to a reduction in

microcontaminant formation. Accordingly, the subsequent tests on the 300-mm wafer were
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that it causes an increase in pressure in the chanber,
whi ch may contribute to a reduction in

wor@sacost am nant formation. Accordi ngly, the PCT/US2005/014506
subsequent tests on the 300-mm wafer werenmade both to

 made Gbio Mo TryabCmor e Re o BORIoF ot SGaEPBHRaEP R e

fluent T W @BioANBHREaridQ0 WBREMB% 1@ What Hddnt F18E HedubObh Was attributable
attributable chemcally to the presence of the

chemlhglkYrtegmwpreme bathelhydeogenr Thebasebing for ghrectesth avarshavnivith the
solid c&%gar? sI alng ust ?Enhum oa/rolfsaggutallolasls!: um f ¥\§ 8{1(;r§§$nuhow A result

seem W ogen f resu

from ﬁdﬁidnhll’ﬁpidv}ﬁlﬂg 2¥lodli d’fQﬁOEScéﬂi@\M-Qﬁs Sdvseeith te soBid is§uare, and
shown with the solid square, and shows a significant

showsastiguificat redychier i mr%clfs lavel  Thersbadadfraneles shomgr Bythenesguction
in parfld vkh%éumﬁg 46k Phhftly etaéeclhfhz' i1 %%%Sfddéc% g&fﬁ‘géhaded

urther 1 ncrease In owrate to seem an
circle shivewhedstidl fucther &hnmﬁ)nan phirticle 1Bwel Irdfsﬁl'tmgefd]m titrflowrate of 200

e g e R BB St s i
3A theﬁ Qlﬁ?llneﬁkl%ﬁ o?h g&@ Botmeanak %rrec‘hféﬁ% isp&iclEil&el 3A that

the i1 nclusion of hydr ogen f1 OMIC&USES a reduction in

10027050, s PP ep dad e JOF AR AKET B antarutafp be 62

mtorr.€Yé kviah e tHrecohBHulioR WonP A pfes Qe &c%a@@feﬁﬁlﬁng fiohethe e, flow,
resulting fromthe H2 flow, particle |evels were also

particlgdeysif wercfalso racasuied fetea puradte lyenbilowivith thpshasnbertsessure

toggle h‘g §S.‘>Li‘h§)ntp?g gsjé ggtl}t7 ng?xﬁrsthg;i% Sr,%gglrlnr%lylﬁﬁ‘i‘ ;%1 %B-L%chngis—lg t?l%(v These
resulty &6 ghdven @itk tisdepun tidhrnidled, bR intémodidteBetwebin tHe Hagdline pure-

i nternmedi ate bet ween the baseline pure- He results and
He respig aq@@lﬁé@@ﬁpm -HaggeHltss Thmogﬁe*eﬁmar th§ parigle xeguction resulting

from 1ﬂﬂﬁ§1 ﬁu EHp ﬁ? Ht fiGw Hhd éd&utﬁdﬁ%ﬂé B&ﬁlﬂ‘b?ﬁ B & séd%eﬁtr})ressure

Ras contri lons both fromt
increasmsieftere mherprceb@ffﬁrcs I Therredistion ticht i drito kedh c:lﬂtmcal effects is

g G TGS S APl oSO B S s

that ef?é&@ ﬁpa%d?{{cfﬁ% tl*'I’er Mﬁl 3&?6&@@5%&9&191&615%% rbdulidSF FRL 8B
at effect. In addition to the overall decrease in

addltupaily illdustrateghiat] the prebence of bl nkso ditlas the d®Betad @itticolagibh yn time.
illustrate that the presence of H2 al so delays the

[0028pnset  Afsupifidrl ©BhRtods thad nialy iBus HeQReBlo AepSHPHEIM oRbr a
met hods_that may thus be used to deposit a filmover a

substrafg g thy aakle- ﬂ_metﬂhbaéeci-ﬁﬂﬂ Gl piosese ds mmded/wm@rtb@: &y diagram of
Fig. 42%2}510?& golﬁm;'at&g F&Ialﬁg 1£ é e&% ﬁl@}ﬂ{)}% B%B&% 1%@[[%8911aﬂ:8§ for

{9'onéd 1n
deposipioa pa it filan Amlodem& Iatﬂo&noﬁ;froéd?.ﬁ gl ik providedab elekprdO&:s

fl f ded to th
chamb(afle’cT dﬁnﬁ\é\ghgg Iﬂﬁ[\ﬂgc gls%g]? ?@%\gxngreg \éﬁl)lpr(peiso r{g éﬂlag Gg{bégl%?ents the silicon
sourcé&%%s a Llﬁhﬂ%‘%ﬁ@n ghoeding ﬂ*]?e%xg&&?so%‘rée‘ Lofthrz@imbfecular oxygen

Ises a silane such as Si xygen sour ce
O, althowglr sibem-cmitatng gasesrand erygen-containing gases may be used in other

embodiments. A flow of fluent gas is provided to the process chamber at block 412, the
fluent gas including a flow of He and a flow of H, in which the flow rate of the H, is less than
20% of the flow rate of the He. In some embodiments, the relative flow rate of H, to He may
be less than 10% or may be less than 5%. The fluent flow may consist of the He and H,

flows in some instances, but in other instances may include a small additional flow of another
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@2, although silicon-containing gases and

oxygen-cont ai ni ng gases may be used in other
wendedients. A flow of fluent gas is provi dedpreDUSI¥85/014506

process chanber at block 412, the fluent gas including

. a .o of n flow of H2 i.n.whi.ch the f.low rat )

inert g Lk Ao Pifes e opftsGhatsbretifictirdly deabuting Prdsislg specific

applichtfors0 MRh& TN (RE Fér tail dithgl sphédr chBratletiWidsah & BE1UE apSlication of
He may be less than 10% or may be |l ess than 5% The

a negaivg énaﬁ te thewwafertocadirst e charged eoripspeaigs Hpthepbasna rh Bighedensity
e
plasend B AREE S nd Bloch BBl L BRHIE S0 TN ol MGG R AR ey e
deposited et tHehwabstpaté htelockwtacA eused hmm af“highedeseip@Splhsmahas a
.process to specifig applications. Ot her techni ques for
dens"‘?&ﬁ‘ §¥5eRes Kputangicithar act eri stics may i ncl ude
application of a negative bias to the wafer to attract
[0029} he ch&hgedler ofﬂbloclsrshoi’vaén Fig ﬂh&enqjlimsn(kd tA be restrictive and may

densi t i n th cess, chanber
be modiei§ St 8B HRAG: ToRuERFr BN ABVTIER hap opaied
mmultﬂﬁ&ﬁ&'ytv@iﬂl @N@a’ihérhﬁanstlﬂl@ﬁercﬁltsﬁr-gﬁs Mv@ CRorddliondF tﬂéslﬁ -density
herein, a "high-density" plasma has a densit

plasmg at:leleds4 omay eemsit canlisr m[tb@pre$hbarmmd@atedfoybl¥@@ndsrlng of the
sho n.Fg. 4.55S no ed t restrictiv

block, 8hs i Bradht i Jne DS Bkt BR b b GuBig ater

plasmé rdtﬁfahoiﬁ | BvadditgdH, tHeebleuke she\esl iSFigL4 hRe Uftnteditd Be 8Xhaustive
earlier than the precursor- gas flow Formation of the

since the gRneigles iof {hepnyahtian Maydiegisrd msvmy elcapplicetignsiin hich
r f the
s o AR AN oAb B o B ST BR ARR] Lent gas
with the precursor gases supplied after pl asma
formation. In addition, the blocks shown in Fig. 4 are
not |ntended to be exhaustive since the princi pl es of
D3trd prepnne Bestersed in a variety of applications
|n mhlch additional or alternative operations are
perfornmed as part of the process. Exenplary Substrate
Processi ng Systen1[0030] The nmet hods descri bed above

1003002y orhe e BRETH & Bt e e e et R AT 0P

CVD #yistefsFi@te oowhich afe d&b@edﬁﬂd&ﬁh@ﬂ&éﬂr@aﬂldd/with IFiggst 5ALESC. Fig.
the structure of such DP- CVD %ysten1510 in one

SA SC@WPMsttra’fﬁ%th@;ﬁgtl@mewfouﬂhm HBECYDegysiene? 1 G5inpne,
emboaéﬁggtuﬁgmg@%tgﬁ @gg%?la%ésga;&hagqbgl g gg vﬁmﬁgg g%gé\vo 3 déahpc%

syste

plasma eystdne SPOAsnBiacplasma sgptay SBEB) HEHI de[1®eﬁ3 $Ystdth & 3@ ppera remote
orti.on of csgﬁPer 513 includes a done 514, which is

plasmgglganipg systempalli ¢ diel ectric material, such as

al um num oxide or alum numnitride. Donme 514 defines
[0031] The upper portion of chamber 513 includes a dome 514, which is made of a

ceramic dielectric material, such as aluminum oxide or aluminum nitride. Dome 514 defines
an upper boundary of a plasma processing region 516. Plasma processing region 516 is
bounded on the bottom by the upper surface of a substrate 517 and a substrate support

member 518.

[0032] A heater plate 523 and a cold plate 524 surmount, and are thermally coupled
to, dome 514. Heater plate 523 and cold plate 524 allow control of the dome temperature to
within about £+ 10 °C over a range of about 100 °C to 200 °C. This allows optimizing the
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an upper boundary of a plasnma processing region 516.

Pl asma processing region 516 is bounded on the bottom
whyoosherospper surface of a substrate 517 and apPCT/US2005/014506

substrate support menber 518. [0032] A heater plate

ate 524 syrnpunt d e the

dome & hsPAlrerts B alo BfoRiiies? EPPBY e 205G RE kAR maintain the
dome &%mghémmgaatuf@ for@feahing o efthideqiFp@is s Whigh fop dapdshion processes.

about C over a range of about 100 O0C to 200 OC.
Accurgtgicgntzel| of e dpmeriemperaturhdsporedueasihreflalta greartisle ¢qyats in the

C [ leto

chamb\éﬁﬁﬁc?ﬂr?pr[;{/% %g%ﬁén b t%erﬁfﬁ% 'E@*g&"ltehtlaggp¥ ucf@e @f&n@ Sani ng

or etchjng processes than for dep05|t|on processes.

[0033]accur afBe pertiogrof chambrsrid 3 il achory mgnaber 52 ygh joins
the chifiBer(th ﬂlﬁievagﬁlélg ggtlexglle & GRS A1 6 ug?&q member 518 is

| Mproves a tween 't he deposite
mountsd b} andtfermg ﬂeﬁﬁjnuﬁmemhcl\mrfap@mth,dmd@rhn@hbﬂrﬁéﬁ Sm&trates are

i ncl.udes .a bo wh ns t chapber to
wansfierfid g Lo EehaooRs 864 kel blile bt v O pGvpleg
insertiSH/PRAGal BBEHRE (ol Shdven) TR Uit fdt bhaBer §13! r[ﬁft%\)ms (not shown) are

conti nuous inner surface with, body nenbe

raised 8néhgtendewered nadenthaednirol efia meter (aksel noighowm) thmapethesabstrate

t bl ade QL. sha u an . .\ )
fom (ol PR} pCE0Ret BRRnRAG P o LRTR AP pracmasing g 556 n
whlcth'@ﬂb@ﬁa@ i3platddidn PéubStr4td @éceﬁ»hﬁg/\p‘t)malﬁ 619 af sibetra duppoen
| ower ed under the control of notor (al so. not shown)

membeinS iy ibsthge :§‘EP8§M&P‘§“PF &hy trwéld.e@ %@leﬁqr%épéwﬁnuéﬁ%ﬁa@é? secures
the su%sg%gé 8%y mﬁ&&hé u%g %stb%é?éé gﬁﬁxgﬁ g@g@&%ﬁk&% {I&n'aﬁﬂeferred

embodiment, subsgaecuppatmsiBens 1 &is nside dioen snplporitumerideror alithinum
Substrate receiving portion 519 includes an
ﬂmn@ﬂ%@??%static chuck 520 that secures the substrate to
substrate support menber 518 during substrate
[0034]or oces&’iauglm bysteam ﬁ?@fraiudedtlmotﬁe todehl3, vdubtishemtetwin-blade
oxi de

f |
thwott3 BT b6 PRL Pttedied b 2Rl B0 i B TP R PUpesg. It should
be notbc[‘tﬂaﬂﬂ’ﬁ@ttl% Bo&¥E 2 L0786 YniRidRum WHIUERHBRPUSES flow, AndhAskes

hrottle valve 526 and is attached to gate val ve 527
symmatﬂ@ pumpe- rfete valvad2 poapissiae punp SHolipw thietthechasky 52haand can

also c#rpfé)\?vfcﬁ%rﬁ%&%? sgld\ré%gggtg&%gghg mlﬁ]stof%s\%a patc u/hteg ggsﬁle valve

Ive

526 isifslty apedr. PhERradGerhém Mtﬁ%rtﬂﬁottﬂ@vdbﬁnj}gat%%lveam tQEdb-MbROular
control chanber gressure by restricting the exhaust

pump pllexy,aeaysate iapg sigblsrsontiplnfichambern nyessures fiog befyvesn gowh 1 millitorr
toabolhf(g{rangenent of the throttle valve, gate valve, and

Lo nDIecuIar punp all ow accurate and stable contro
[0035] f ChaIIIHe SO rce gsunrlae ssys¥erngg%(?A nc ue es g?c?puct:oﬂlSig and sm?e coil 530,
mounted on dome 514. A symmetrical ground shield (not shown) reduces electrical coupling
between the coils. Top coil 529 is powered by top source RF (SRF) generator 531A, whereas
side coil 530 is powered by side SRF generator 531B, allowing independent power levels and
frequencies of operation for each coil. This dual coil system allows control of the radial ion
density in chamber 513, thereby improving plasma uniformity. Side coil 530 and top coil
529 are typically inductively driven, which does not require a complimentary electrode. In a

specific embodiment, the top source RF generator 531A provides up to 2,500 watts of RF
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to about 2 torr. [0035] The source plasma system 580A

includes a top coil 529 and side coil 530, nounted on
waoloos/15d8 A symmetrical ground shield (not sheems2005/014506

reduces el ectri cal coupling between the coils. Top

powoE 8L S8 Bl R T SRS g8 000w

of RF ?@%f atrmibdly BMI.| Divd di@ritigerRueniiés dfakelopl 4 8lde rand
equenC|es of operation for each coil. This dual coi

generajgrsiTany b ¢i5ws freprihe spmatal pprsatingiirequenes (e i i /y 1 OMHz and
ty. Sid
1L9-20 MRSty b ipto B B8 P«%ﬁ?iéﬁ‘léﬂ Nauctively

10036F] ot r ol *;ggg e pROS RS Uden At At BRUD) thsreier HHC and a
bias n&%@ﬁ&%oﬁgiﬁ@rﬂi’é ¥lESp1dnd Qsten? 9@)@@5&2@1&9@1 oH M@Eubstrate

at nom nal and the si‘de source RF gene
portiohB1p rt@bodj)emempelt 5{5225w(h0m aphis @nyflinkAtgpwiectradesn d"ﬂme Mslg&asma

t f ' f th
systerios RIS Serv it 5 Gy DEBPOL ! PG SRS R FEn Ao pianist Pighe
sourcd pIBSHE BEYenk SRGA td 91e15u17faé'e- o? théuanste 1 10a 3pel:1ﬁ‘@'&nbodlment bias

respectively) to inprove plasma-generation efficiency.
RF gep@t@%]prm@ﬁsaw tp 150V atipof & Be@Bat hofedBEz.a bi as RF
("BRF") generator 53 1C and a bias matchi ng network

[0037p32C. Rmegdﬁ'bn’aﬁor@Bﬁﬁ"&f&n(ﬁy}ﬂt}}?i’ﬂcﬁﬂ@Blgi&[l?Qbﬁﬂerﬁd)/syﬁ@ﬂdﬁleS and
substrate portion 517 to body nenber 522, which act as
operate OYpY 3 FEAHCAEY range @FW@%ébO“FHGS toi akeutod. h Mz shathegpnsgt includes

an RF%%B%Q?CJC%H?E&%‘HS%H} %ﬁ%@é%ﬂ?&qgﬁecﬁd ﬂrﬁvxae? e Hl%%'hgrﬁ]g%roa&d coil

g., 1ons create e source asnma system
back tbohd gemesatorf mdedpiststthefrequeaty af eperdtionao dpeain fhledowest reflected

oo BBk A PSP B Pt Bs gt
desigrRd tb '8‘pélﬁfj: iR aaohd‘%tﬁqechgfagfehﬁllé i)fnp?e‘agﬁd'ecaf Is8dhms. RF power may

synt hesi zers and operate over a frequency range
be reflseteddrom ktadsithatt h® etagliffbrsut charattdvistic irfpesdancgethen dteqgenerator.

des an RF ontro shomn
This e SetiPe B0 P € Fans B o srofd GBI aREER el ti fpm the load
back tB wgetn@ra&mn@emmb@ End@ 84 AR tHS Eénck 416r. FBRAURNEY iBpedance of a
operation to obtain the |owest reflected power, as

plasmg srperrengsolgom yess thyarsefmpio ayeypehelyms Kiﬁmndmg th@e @iasma ion
dens AR R rd MG DA SEAE SR bty

adjustimpnié geryatbefréeqicher icdrdinm thé) addkeclel @bwlaﬁiﬂereases the power
different characteristic inpedance than the generator.

transferpidsirem ihe BH gererpiones the plisse apd gptedts thegengalr. Another way to
reducfﬁgﬂet‘;ﬂeﬁ’ élnleyand%ﬂﬁﬁgvveg eﬁff&%ﬁéﬁg gf@%ta{%ﬁl Relygrek to

generator nma amage the generator
oosa oSV end RSAANSET, 2 SASIRITY A0 (LRI E5 o
531ALRN531B with thelr respective coils 529 and 530. The RF control circuit may tune
both matching networks by changing the value of capacitors within the matching networks to
match the generator to the load as the load changes. The RF control circuit may tune a
matching network when the power reflected from the load back to the generator exceeds a
certain limit. One way to provide a constant match, and effectively disable the RF control

circuit from tuning the matching network, is to set the reflected power limit above any

10
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density, anong other factors, and because reflected

power may be a function of frequency, adjusting the
w@eosnatoss frequency according to the refl ect ePCpPUSENNS/014506

i ncreases the power transferred fromthe RF generator

expectef VoG R et RERATEP S BRSEI AP TP BR SPdtiagme Sonditions
h ' knt dt &9 bAditibgt Wor ks 532A

oSS AR e 4 030 Mesynauog o 2702

[0039 Edcgﬁ }%[rvr\ﬁeta? %ﬁh A fsgt‘?lgﬁcsﬁ%)\ﬁ%gcag%%s a5 ﬁlgorﬁeggwgl?’ tsheg{;[?control

circuitcdaa bgiuse toftfététﬂim@theiaowalp@alﬂvbﬁﬁ?eo Vbletlbadl(pil;fsﬁaal)'ah@ hiaRdncrease or
networks to match the %gnerator to the load as the
decreasg the seReldtpE QutPPhROWET te&ReR Bie delivered powensubsiariialy constant during

d q@h ] petwork when the power reflected fromthe
epos g gg%& to the generator exceeds a certain limt.

Cne wa vide a stant matc and effectlv
10040(51'S % 828 SBgery SFatm A pr s TR pann p e pigces, SHdA - 534B
chambEREHpro@sa8g W%bstfa‘ie bia g%?ﬁeﬂv@?y Tigds| ﬁ@?@ﬂy@@fﬁ% lof WhidH are

above anyexpected val ue of I'ect ed power. This may
showne A veruddb¢ inderstopd la:saraenamdef sl@kb imethe @rtdthtelagmgl gpyrces used for
g n net stan
source$gad it B 96 R of SRR A} S fBRPar 3 varies

dependinghlthe €epdsitlon 2AR clebfihg 9mmle§exécb@d RFtHe Bﬁefn%er 513. Gases are
circuit can be used to determ ne the power delivered

introdyegdtipte qhé@ber(%mhm)gh argas Ay 53 hendesetopmogeleSdas Hig AB is a
mmph%iﬁ@?{aa q%F”chHfon tfghzh‘r?r?e? 3t1 51 @hcg? .lng\éﬁ(ﬁ ?gnzﬁ%é@a Is of gas ring

y const ant durlng eposi ala
537. [ 0040] A gas delivery system 533 provi des gases from
several sources, 534A - 534E chanber for processing

[0041 he sufsgd, hrﬁe&aﬁ‘rs{j d €6ﬁ’d d%@érc@? 348N 5§@ﬁ‘9a1f21fﬁrst
ot fild eE0H ody

ich are erstodd by a person
and seofndsgas|flow corttivdless; 535A hlﬁd éaﬁBl'abrosni@rgaem usgplehwmn 536 in gas ring
our s 534A and t tual connecti on )
537 viggps § +V>9r>r fngss 33 3%51*/50% gﬁw& £1%shogyn)e Ay Lige 935 hgs pRlurality
of soutddgsad ﬁ@@z&éstmgaﬁ%n%@wms BRAGE ot %ﬁr&é@scd{tlﬁﬁlsd%tlbﬂj fRat
chamb sés are introduced into chanber 51

prOVIdLeIﬁtrlmJ@hnélog\a@f gasmgelstbv Sdmrﬁt@r Nozelgdengih anéneuie a@lfgmay be

changés(ﬁtoI low t%&g;‘i) I f e un %{lﬁlt Y19 a{e and tggfe ﬁﬁﬁ%a{ﬁ%a gﬁﬁcﬁ%’yﬁgffor a
partlclﬁ&7pro{:é3@4\&ﬂhlﬂ fin ﬁhﬂﬁnm OHniBRIRL In 4 preSdrrelnhisioRied, 8aSing 537 has
sources, 534A and 534B, and first and second gas flow

12 sougemgas dopdes madafiam arlugagp oXig @RFABIE- gas to ring
pl enum 536 in gas ring 537 via gas delivery lines 538
[0042) onl y Gasreing B3 Whisc hasa plusdiioywol oxiGasr gasmgzA8y 5406@ndy one of

whichf g ik 1P pGE SRO P erasa By Hisk and Shorter ihan source
gas nozzles 539, and in one embodiment receive gas from body plenum 541. In some
embodiments it is desirable not to mix source gases and oxidizer gases before injecting the
gases into chamber 513. In other embodiments, oxidizer gas and source gas may be mixed
prior to injecting the gases into chamber 513 by providing apertures (not shown) between
body plenum 541 and gas ring plenum 536. In one embodiment, third, fourth, and fifth gas
sources, 534C, 534D, and 534D', and third and fourth gas flow controllers, 535C and 535D",
provide gas to body plenum via gas delivery lines 538. Additional valves, such as 543B

(other valves not shown), may shut off gas from the flow controllers to the chamber. In

11
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provide a uniformflow of gas over the substrate.
Nozzl e |l ength and nozzle angle may be changed to all ow
wo adosariosyy of the uniformity profile and gas PCT/US2005/014506
utilization efficiency for a particular process within
L ndi vi dual nber ...1ln_a pr nbodi nent as .
implefPpiEl el G GRBERS br g T Rafo S, But<s g AR BaiA R 4 AR s
source2 kUt & BBAR ¥brelBrisee laafdl6cul 4434 2dn GaSourtd)godd SMS BoMpSsed a
plurality of oxidizer gas nozzles 540 (only one of
sﬂane\ﬁhﬁcwqr%e, spigom § 34\eorapnses adewafily sonecee ArbefuRgnY348Y eomprises
shorter than source gas nozzles
anuﬂ%%&ﬁ%gﬁg> M%%E%ag%bodlnent receive gas from body

| enum 541 In sone epbodinents. it is desirable not
00430 o x I SpRdimgHs Qe AR be £ 9K iCy A e¥TasBE @REes are used, it may

be des'uﬁbl%% %H&lﬁéﬂ@%ﬁ% SinidH i e flv%Qmeé D&t rH%Eosmon ’é‘hls may

nmbodi nent s i zer gas a e gas may be m xe
be accpmpd)shddwsmg e wayyatveesugh se salve 6438 Hantrdate 6iB8nlwer 513 from

. provi dj apertures. (not shown) between pod l.enum
detiveBy e S0 P B Vel Sy bl ine DA, B S e B4 o gl As
showrd @UTiE 5 A ek sichlid vgﬁz%s SHEH 5595?1;3445531‘&1(:543@3% @Qﬂc&ﬁ&ged on other

and Third and fourth %as flow controlléers, 535C and
w

gas de@sw linepr Sughdreganas mdyaweepiamd\nsalc@aio @ledmhﬁe 6;8 as
es .538, Addi tiona valve h,.as
practu%/aé,lqe é1181n1r1]’1‘(1)1 e @ﬁovv(\)m me of the uﬂvq gas ggV?ryilﬁ;]e Elheg e three-way

valve giihthe @hhgbé&) .t Adﬂﬂm@nﬂty’;\ﬂ@@-ﬁvay'(m-ﬁﬁb eaRBd (n@lslﬁﬁ\ﬁi) ﬁhhal’j/ be placed
embodi ments of the invention, source 534A conprises a
between p gires Bpweonigelie & MEG() ad tesa@m}zﬂmr befagen a gas snnigesand an

MEC.0xygen Q2 source, source 534C conprises a silane SiH4
source, source 534D conprlses a helium He source, and

o LS EAD ot s A\ e oger 12 i ce
546. Wﬁ&%levﬁﬁgﬁﬁqg’p &t 546 Sow '1ﬁdeg@1ig/ eﬁ?co%%%'l 6A83b&nll Qide flows of the

el'imnate gas renmalning In as elveryllnes
gases, aﬂu@r ingprdegsdglint mmformitmaad nﬁqwinﬁnambmtpﬂen@fetﬂe fibn'sdepsition
I 5 t I
and AN (TR Pl e S B RE MGG HdDP PB4 14l one

embocﬁ&%ﬁt fiest \sas soumed 3340l dupBlidddurdeQas BIAIR B39 A tSHRW I 345,
Fig. 5A other simlar valves, such as 543A and 543C,

SourcmgmbeeMFﬁ?c%}Séo conteds e aptonat of@is ddlevqrecbto)/soum@@s n@urdds 539
rea- € (o} Q. _chanbe 3
o o BEBRE A YP4X B I RSBl E SR LTSF o HETBAR B

Simila@gystvele MRGSr 33 5Bi ahd SGEBt meeBbe tided tb bmmmwﬂwlo\fexﬁgbﬂ té B6th top
chanber) Addltlonall% two-way (on-off) val ves (not
vent 5gf awh?mf%&;?r 5 Toiale 3 EOTSCINEIS FRITGE ] QXHEEIFIFIbR urce S34B.

The ga(seévflﬁ;[p)le@ toéﬁﬁ?zﬁ@gﬁpﬂdﬁ J%ﬁ[t : géﬁ%%?&)éﬁ%er pgggto%wmg

0044 erring aga
the gasdssutolthsmbers I3parthe gbeks n&lydaetm;xedr @ntop plenum 548 before they flow

into chamber 513. Separate sources of the same gas may be used to supply various portions

of the chamber.

[0045] 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

12
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546. Top nozzle 545 and top vent 546 all ow i ndependent
control of top and side flows of the gases, which

wo ppsayess fil muniformty and all ows fine adj uBtTrES1009614506
the filn1s deposition and dopi ng paraneters. Top vent

an..ann r n r d.to ozzl e
513 il g R e PO 1R B 0L k3 R3 0 T P b
contalgah?e cflé)alﬂrhgéﬁlaﬁﬁg (g dcdvixp 538 2Ad epfiftator hberse) Mugeberebiant to
A" controls the anbunt of gas delivered to source
attack@aéh%lﬁnésTBeélsaﬁee badpepiveaster aavety 538 And deedrertsS 5t4rﬁ1§0‘ﬂd be

ot IR R BB BT 08ev cctn

with déstarice Glont Feactbl cavigf550x Yipaerating Hrtdieanary plasitia iﬁﬂeﬁreﬁmté cavity

i dize hozz|les 540 from a single saource
allowsg gisiot anfieisel isd essaesaor Aad gasawt Sylppt Sbimbes cepjponents
4 t
o e 0568 o 5 N B
plasmarfyrmisd imbite dComseqagntly] elhalive y48ndevacanpdmentsf fuotvas nleotrostatic

er 513 r u es of the s S nma
chuck 3R ot B PRSI o SHOMY o1 R Ao e g s may be
requiré W&HBh en sﬁk&mmysregﬁﬁgbaiceﬁ pl asma cl eani ng system
550 is provided to perrodically clean deposi tion

esi du fro nber ¢ onents. e cleanl em
[0046] %1 4R Bl H e SRR Bk St s SAMNE By Rl Bems

and ro&tlﬂésa&ﬁﬁltfeﬂ(hbbae wbeldibcne UAS eI M&?st&ﬁ4ﬁaﬁ@fa&ured by APPLIED
nmol ecul ar fluorine, nitrogen trifluoride,  other

MATHRUHS, dHE i §aaﬁa Cela@p Gahlf@ﬁtle)wpﬁguré%& Riaciigh/the presey invention.
Furthef REaNEBELINS g%@ﬁ#&h%ﬁ:@@% ! ga’éﬁ?'ee é.%g§r6f17o,428,

conveyed to ¢ roug
filed Joky4l 5y ll 206 lﬁpiltllﬁh'tS}nnmere Thbéhle Tdactied] pCoabked HHRE- QWD Reactor,"

. caontain the clean] |l asma . (e.g., cayjty 553 and
having e Regiercbenab iRl butozs Batpting dvalPiR appan
Mayd&rh ghﬁiaﬁsﬂfaBnJrhEuéj IRbaA Bee e VRGN WaB RO AhuCRbhE Und@ A3hok Sinha

eed port 554 shoul d bé kept as short as

listed psrcaxamlvc,labrs thenlisslashee afovtdenisriatdrperaiel haeesi batdferepteasite

th dist t Vi t.
desr QRSB AT SRS Pl 5, BTSSP A RER Bl bR oo
persorPdfl SRUBintthe atd $@sédéct an a ng@fﬁ)pﬁét@ BbnVEnE6NBYISHARRDEdsSihig 3fem and
does not subject chanber conponents to the

compytergeatrat LysEm todeiplamen thediressahipsentiaant of the gl ow
di scharge that may be present in a plasma fornmed in

[0047i t u. Thessedvedihdry skilEinakéd Melwyll falisd thaverocERIM@PAREnSeters can
such as electrostatic chuck 520, do not need to be
vary ferghpieat RCEFFSREIARpeane F‘lff?Fe%Pﬁé?FW%c%\dHtoé’é’t*’é’é thayglifferent

precurSt¥ cBEbE BRI V[’l%f)u%&;}lr% r&n%?é %119 &ﬁﬂ@lrﬁflemmr@ther variations

process. [ 0046 system t hat
will als;mbe ammrmt ¢o pap@nsar shilll indlie drheTlsasb sqstv damts andl altcmau\n:e are

intend%;if‘ﬂJ regigl(?@pgg tgln\l\@g,lﬁ?cg%% hreeprgsLeI! 1nvgnt{9n Sﬁ'xere%ore the scope of this

invention should not be limited to the embodiments described, but should instead be defined

by the following claims.
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MATERI ALS, INC., of Santa Clara, California,
configured to practice the present invention. Further
walaioaiimsnf such a system are di scl osed i n conr@nig2005/014506

assigned U.S. Pat. No. 6,170,428, filed July 15, 1996,

WHA [ If - tric Tunabl e Inductivel y- Coupl ed
= or," havi ng Fred C. Redeker, Farhad

Moghadam Hirogi Hanawa, Tetsuya | shi kavva, Dan Maydan,

Shijiam Li, ABhethod ferelep&ilves & filsh @gera subatkits, téngthod

Manus Wong and Ashok Sinha listed as co-inventors, the
COMPRRILE| osure of which is incorporated herein by

refere I

pur pos oS iE B3} oL, Eber B pRERR A chmprising
silicotf—wntanpgr@mand)ﬁn ekydeh- ciontatrhmg gast to select an

appropri ate cgnventional subst roc ssj n
ane ORI BBHE B8 OdJS PRSI e e e spbpaatne a flow
of heliufﬁ/ﬁﬂf d A6w JrMULulat n98R o8, 1R AbRJT Ynociéﬂulldr h'yﬁrotggﬁbéﬁé provided

w Il realize that processing parameters can vary f
ataﬂwréteﬂ@ﬂthapr%)&’es%a Agw ehta b dreshelin; di f f er ent pr OCGSSI ng

condi ti.ons, and that .different pre rs can

o ¢ houloTRRNaS Py feror S ierfer PG Brok o £4F af® Aillent gas
the pldsfa&iavitidf 4 @nks@y Sreatek thanl 190 ibes/anhangnt to persons of

skill in the art. These equivalents and alternatives

are i nfenpssimetthe flm prentheiabsate it thpelasmepe of t he

present invention. Therefore, the scope of this

i nventhon s t [ |

descri %ed ggyhgﬁ%%lrgalﬁrqsl{lgadﬁ bt VB %ﬁﬁ}éegﬂ‘g\g%fﬁ%%cﬁlar hydrogen
is profidéd atvd figw edtailess tHAKATY & tﬁkﬂbNEEleloSthdhe@nurret hod for

depositing a filmover a substrate, the nethod

conprigin | owi.n acess gas, to oce
C hgpnbe g gL %sreﬂ%Q 11 Sﬁﬂpl Svlvlhedelgahg 6% St olecular hydrogen

is proﬁtllad M&O%té“ld&h E}ﬁngi%oﬁﬂﬂ@' fRW @& he BRI Ni Ng gas;
lowing a fluent gas to the process chanber, the

fI uent gas conprising a flow of heliumand a flow of
mol ecuttar hyéie sigthed recitedsin slimfl widrels thaflueny gapfether comprises

a ﬂovxpo?aﬂ%#}[ g?\{lsl aq %q]o% rafe ],reLs t\ﬁlarl; %‘{236 of?l? ﬂ&\b ?;ﬂe %gf@eq{ehﬂ flow

chanber fromthe process gas and fI uent gas, the
pI asmasShavi Mye mettexdsttitedgn erirarl wikaeinlle flowems/of ti2; helium is
g de og&tln the filmover the substrate with the
bdweﬁ‘l‘ Qgrid nethod recited in claim1 wherein the
flow of nol ecul ar hydrogen is provided at a flow rate

less than 1G¥e afetdageéitcavin iR 1M urth&&oRfPrisiiE applying a negative

bias to the substrate.

7. The method recited in claim 1 wherein an interior pressure of the

process chamber is maintained less than 10 mtorr.

8. The method recited in claim 1 wherein the silicon-containing gas

comprises SiHy.

9. The method recited in claim 1 wherein the oxygen-containing gas

comprises O;.

14
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3. The nethod recited in claim1l wherein the flow of
nol ecul ar hydrogen is provided at a flow rate | ess

wo bas1888o0f the flow rate of the helium 4. ThecTesivoslo14506
recited in claim1l wherein the fluent gas further
conprises a flow of an inert gas at a flowrate | ess

th 10% of ,t he, fl te.of hel | .. Th t h .
rect t ol n eirREhpd WdsPhiTaRs 6% o35 4 sPirals nevBe fprireised
featurésSto TR ctBertie ad{abéht SR felturet e BB HBHANE 8 &ilibetween 90

claim 1 further conprising applying a negative bias to
and 150qem dhywethad eomprisifgie net hod recited in claim1

i nt aaaig DBk sl bGTRILS: Chyt b, B RERRS, SR2RRPaht o

silicori-torthiaing ghs whe e bxydehe offaldig®gasgont ai ni ng gas
conprises. SiH4. 9. The nethod recited in claiml1
wher ei HOVHE o5t Baciortbapioresy chaaberoths flusakasons)sting
I £ .
essont RS 1% oE IR Al Gl b LB DS SR R G AR hutar
hydro ge tcegprovaied etla flewtratedsss thanel 0§apf hAvwrgtea fthelhdiium,;
bet weep 90 and1 150.nm t he rrec&)ggg C{Jgglr' sing: fl OVViélg a
pr oces PTHE 3 BlagMR 08 PLOCER it tb? BOLESS £§5 4nd Tluent gas,
the pl&AE-ak g Rs®y bleaRPHaANbEIPhdAdnYas and an
oxygen-contai ning gas; flowing a fluent gas to the
pr ocesmagtiziningran maaorf pragsnte afdbe poneisshamberdsssahan H) myorr;
of a flow of heliumand a flow of nol ecul ar hydrogen,
the flow of nol ecul ar hydrogen being provided at a
flow raépsit@gshd fimninl@itoed withithomlagrad.e of the helium

formng a plasma in the process chanber fromthe

process, gas_and fl uent, %as, t he pl asnma having a
densi t y1-gr edhemethodifecitsd 1n glaun d Aavhersan theflaw phmaipcular

Lt-ert OF  or han 10
o SPHALIN AS T ol LR ORSE RIS o S
plasma. 11. The nethod recited in claim10 wherein the

f1 ow of2.nol Ebemathodyedeitedem clagm pp oxtiedsul theet flaw fdtoof thathelium is

0 :
betweéne§§0 gnlaalrbog)(éc/&g.f the flowrate of the helium

and

13. The method recited in claim 10 wherein the flow rate of the helium is

between 300 and 500 sccm.

14.  The method recited in claim 10 wherein the silicon-containing gas

comprises SiH,4 and the oxygen-containing gas comprises O,.

15. A method for depositing an undoped silicate glass film over a substrate
having adjacent raised features to fill a gap between the adjacent raised features, the method
comprising;

flowing SiHs, O,, He, and H; to the process chamber, the He being provided at
a flow rate between 100 and 1000 sccm, and the H, being provided at a flow rate less than
20% of the flow rate of the He;

forming a plasma from gas flowed into the process chamber, the plasma

having a density greater than 10'' ions/cm?;

15



12. The nmethod recited in claim10 wherein the flow
rate of the heliumis between 100 and 1000 seem 13.
wabesmetokod recited in claim10 wherein the flper/Ust0es5/014506

of the heliumis between 300 and 500 seem 14. The

nmet hod reci.ted in cl.aim 10 ein the

ST § ComeEiip A g g Rk e 91 JE PReH ligbegss than 10 mior;
and OXygen-containing gas conprises O. 15. A nethod for

depositing an undoped silicate glass filmover a

subst r denosiiagithguenppad sificate alagseglm amthgrgep with the plasma.

gap between the adjacent raised features, the nethod

conprising: flowing SiH4, 2, He, and H2 to the

process chanber, the He being provided at a flow rate

bet ween 100 and 1000 seem and the H2 being provided

at aflowrate less than 20% of the flow rate of the

He; formng a plasma fromgas flowed into the process

chanber, the plasma having a density greater than 101

I ons/ cnB; mai ntai ning an interior pressure of the

process chanber |less than 10 ntorr; and depositing the

undoped silicate glass filmin the gap with the

pl asma.
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