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BACKGROUND OF THE | NVENTI ON The present_invention relates to
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conpared to cdnvéntion al'uni num al l'oys ecause It diffrcult to etch
copper, hmwpases.,, damascene processes have been devel oped for fabricating
copper-based integrated circuits. In damascene processes, dielectric |ayers
are deposited and then etched to formgaps that are subsequently filled

wi th copper. Fluorine-dopadBGROEND @ taE RGN as fluorosilicate
glass, is an attractive solution to replace conventional silicon dioxide
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constant of FSG (3.4, Ex%rmgﬁag%tégrat%{ﬂclrfc@é Ff)a%ﬂ@%’t 'cﬁ’ﬂ.ﬁ'{el%kﬁt??% oxi des). The
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reswtance when compared to conventional aluminum alloys. Because it is difficult to

etch copper, however, damascene processes have been developed for fabricating
copper-based integrated circuits. In damascene processes, dielectric layers are
deposited and then etched to form gaps that are subsequently filled with copper.

Fluorine-doped silicon oxide, also known as fluorosilicate glass, is an
attractive solution to replace conventional silicon dioxide as an intermetal dielectric for
damascene structures. An FSG film can be deposited in conventional HDP-CVD
systems, which have been widely used for undoped silicate glass (USG) and FSG
dielectrics in aluminum interconnects. FSG has a good process scheme in terms of
reliability, stability, and throughput. Furthermore, the electrical performance of
integrated circuits can be improved because of the lower dielectric constant of FSG (3.4
compared to 4.1 for conventional silicon oxides). The lower dielectric constant reduces
the capacitance between metal lines in the same layer and reduces cross talk across
layers.

Dielectric films used in damascene processes utilize a layer known as an

etch stop to provide for selective etching of the film. Silicon nitride (SixNy) is



vias between | ayers containing netal lines.. In the past, there have been
problens in obtaining good adhesi on between the silicon nitri df al\“?%%bﬁ
underlying or overlying |ayer of FSG Specifically, the FSG tengs
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nitride is to be deposited on top of the FSG and it refers to the bottom
portion if the FSG i t be deposited on top of silicon.nitride- It is not
required that the " Eﬁ?rﬁ%‘%@ ’F’S@Jg’f‘“sﬁ% i ft@ﬁgfnelﬂhoéin()fltdﬁgoslltﬁ?ge?'}}g%iGal | ayer,
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deposited by flow ng a gaseous m xture conprising flows of silane, a gas
that contains both fluorine and silicon, and a gas that contains oxygen to
a process chanber. The ga g rine and silicon is
preferably Si F4, and the §%W%ﬂ%?r@%@?yi s preferably 02. It is
al so preferabl e thaTh¢ iBadlasrgessassadiattdinithenioraet @e bl@eomé by aert gas,
such as Ar, to pronote gas djssociation. A  plasm p_refer_?bly a,
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Thus, the interfacial part of the FSG film refers to the topmost portion if silicon nitride
is to be deposited on top of the FSG and it refers to the bottom portion if the FSG is to
be deposited on top of silicon nitride. It is not required that the "bulk FSG layer" be
thicker than the interfacial layer, although it may be in some embodiments. The
multilayer FSG film is deposited by flowing a gaseous mixture comprising flows of
silane, a gas that contains both fluorine and silicon, and a gas that contains oxygen to a
process chamber. The gas that contains both fluorine and silicon is preferably SiFs4, and
the gas that contains oxygen is preferably O,. It is also preferable that the gaseous
mixture comprise a flow of inert gas, such as Ar, to promote gas dissociation. A
plasma, preferably a high-density plasma is generated from the gaseous mixture, and
the bulk portion of an FSG layer is deposited on.the substrate using the plasma. The
silane flow is then terminated during deposition of the interfacial part of the FSG film.

By removing the SiHy from the deposition of the interfacial part of the FSG film, less



FSG fil mthat includes bottomand top interfacial |ayers sandw ched around
a bulk FSG layer is fornmed. In another enbodi nent, a pure SiF4;qnl :
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directing operation of a substrate processing system. Such a system may include a
process chamber, a plasma generation system, a substrate holder, a gas delivery system,
and a system controller. The computer-readable program includes instructions for
operating the substrate processing system to form a thin film on a substrate disposed in

the processing chamber in accordance with the embodiments described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a simplified diagram of one embodiment of a high-density
plasma chemical vapor deposition system according to the present invention.

Fig. 1B is a simplified cross section of a gas ring that may be used in
conjunction with the exemplary CVD processing chamber of Fig. 1A.

Fig. 1C is a simplified diagram of a monitor and light pen that may be
used in conjunction with the exemplary CVD processing chamber of Fig. 1A.

Fig. 1D is a flow chart of an exemplary process control computer

program product used to control the exemplary CVD processing chamber of Fig. 1A,



present invention; Fig. 4(a) is a cross-sectional view of a dielectric thin
fil mdeposited according to the first enbodi nent of the net hog? gf thg :
present invention; Fig. 4(a) is a cross-sectional view of a di A 008 hi n
filmdeposited according to the second enbodi rent of the method of the

present invention; F.g.,5 0 a simplified cross-sectional yjew of a
sem conductor  devi fé@ﬁﬁ%&&%?@&%@oﬁﬁ{ ﬂgb‘f(%mf:?{e&ﬁ}éet‘ﬂg&ogf’ypﬁe present
i nventi on;pr&det infdrbn6(h) depict a cross section of a partially forned

i nt egr at ecf circuit undergoing an integrated dual -damascene process
according to an enbdig reiptlowgdiagram ofasseand anbodinens ef thejrgethqd pisthg gr aph
showi ng n r- jon analysis data indicating that the hydrogen
content i %Qﬁﬁ-l&f%%%FUori nated silicate glass increases with bias; Fig.
8(a) shows a conf oc#&lig vi(®\is atroas sédbiBndlWid w54 SieNytrid thincfilur depoaifdder two
anneal i ng cycl es, exhj bi tiqr%\%i circul ar bubbles; Fig. ). shows a conf ocal

; .8(b
vi ew of aﬁCWﬁM@@ﬁye@i‘ @f‘l‘@éff{?r‘%eth%ﬁ plihe Q?S%ﬁ%‘gﬂmlﬁ@; cycl es,
exhi bi ting no evideng .4?%)‘1?5%1[85% c'tiBHa%la}lzévQof%&%&cﬁiéﬁ&%ﬂ%éﬁb&i@éﬂ

mass- spect roscopy graph show n e atomc rogen concentration in
unbi ased SGEEIME torthetsocdnd eapppdonéntat tleym@h@P8f the-presertGnventian;gr aph show ng

the fluorine diffusion from SOFO si |l ane- based pnl asma- enhanced CVD FSG
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i ntegrati QByidé MAn@fabiiidahcc&ltge theANEthBE balheipf@bhtORverdidd; Fi 9. 12 is a graph
conparing the dielectric constant for FSG formed with and w thout silane
as a function of fl kg ichd—ebhdemetraatrossisectDEIERI fRTatly fomMmeHEte8RED FI C

EVMBODI MENTS .1. ] NTRODUCTI ON Emhodinents of the present inventi.on deposit
Tl oort nat &tewf ndeoi s bhedry IR0 AR RS hrdsis BF SRR b EBPURERD “Baner es
to an ovekfitenGeseht M0giRiohyi ng barrier |ayer such as silicon nitride

(Si XNy). In one enbodinent, silane (SiH4), silicon tetrafluoride (SiF4),
oxygen (02), and ar §ih 7(inp praphshersiag nuslephsagtiancanglysisgatiagdicglingghaty 2 6 AUG

2005 Si F4 02 r : I‘d’(}ﬁ@ - . 1S 4.nci .onot e gas
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deposi tion. However Fid. 8(a)ahoweasénfblut viewndfdnf [DP &l VD HSG/87,N} breuadigposi ti on,
and for the entire filmin certain enbodiments, SiH4 is
after two annealing cycles, exhibiting circular bubbles;
Fig. 8(b) shows a confocal view of an HDP-CVD SOFO/Si,Ny structure
after 12 annealing cycles, exhibiting no evidence of delamination;
Fig. 9 is a secondary-ion mass-spectroscopy graph showing the atomic
hydrogen concentration in unbiased SOFO films to be approximately 0.02%;
Fig. 10 is a graph showing the fluorine diffusion from SOFO and silane-
based plasma-enhanced CVD FSG;
Fig. 11 is a schematic representation of the process flow for SOFO
integration with etching, ashing, and metallization; and

Fig. 12 is a graph comparing the dielectric constant for FSG formed with

and without silane as a function of fluorine concentration.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
L INTRODUCTION
Embodiments of the present invention deposit fluorinated silicate glass
(FSG) in such a manner that it strongly adheres to an overlying or underlying barrier
layer such as silicon nitride (SixNy). In one embodiment, silane (SiHs), silicon

tetrafluoride (SiF,), oxygen (O,), and argon (Ar) are used as the reactant gases. SiHa,



not used. Material thus deposited w thout the use of silane is referred to

herein alternatively as "SiF4-only FSG' or "SiF4-only fluori ng&% oxi de" -

("SOFO'). FSG deposited with silane is referred to herein as \WESH5 The
interfacial part of the deposition refers either to the latter or topnost

portion of the deposition, if silicon nitride is to be deposited over the

FSG Al t elSifat andeDyreattite fomt the fF&E. ahr isondlided tapyonhete gahdissogiatipal Adr
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al t er nat i depmitbddithBiinedt rdfbreedmethendn af Sither JG eThaintdrfacahparonf the FSG i s
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wi t h bot htifiiFdiaborddoSietdost portiof XENCLIRRYs GBS THRATE: PROCEIShOiGeSvSaEM Fig. | A
illustrates one enbodi ma[]t of. aq hi gh density plasma chem cal vapor

deposi t i oRAFEDBYEAEFN 85 IER HHI9en which a diel ectric |ayer according to the

present invention cqfe PRsARPGESIEturmY AefEBiddh hBSHUARS s|§m€ MeaREEn thée @

vacuum system 70, a source plasma system 80A, a bias plasnma system 80B, a
gas del i vereyrSGiibn esraB@npuaityl H iy eotwiear by adramethaaisimige prasemae1c80. The upper

portion o hanber, 13.incl udes, a done 1 i ch Ls..made of. a ceramc
G el ot r1 B fraBEYRape el SRetlSInEnt Rt es R b ol s iy FLEE Bhe 14
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pr ocessi ng region 16 is bounded on the bottom by the upper surface of a

subst r at ehydrogendnd'S§uademparatures b 360 fC peatsater 18. A heater plate 23 and a

cold plate 24 surnoyn ngd..are rmal | coupl e 0 4. Heater

pl ate 23 and cold prna%”ea@ﬁﬁ EVFSWVBQ‘g‘n o %)?Pltgf" The dcpgr%%e %rege%gﬁl K%EI%OS

t enper at UFSGtiodspositédusatpostly SHQ, €, akAr ehréeghoet e dapitionMithdut tising00 C.
"1l is allows optim zj ngesnt he done tenperature for the various processes.

For exanpPéle fpf anygpart C.Rféh‘%l OPiQBP-gA%tBOW ghodadhesien word\saanddoweigher
tenper at ugglERf c%h&@rﬂ'rﬁ'% 8 obRlifidt e way, FSG deposition using SiFs without SiHg

has a lower deposition rate than FSG deposition with both SiF4 and SiH,.

II. EXEMPLARY SUBSTRATE PROCESSING SYSTEM

Fig. 1A illustrates one embodiment of a high density plasma chemiéal
vapor deposition (HDP-CVD) system 10 in which a dielectric layer according to the
present invention can be deposited. System 10 includes a chamber 13, a vacuum
system 70, a source plasma system 80A, a bias plasma system 80B, a gas delivery
system 33, and a remote plasma cleaning system 50.

The upper portion of chamber 13 includes a dome 14, which is made of
a ceramic dielectric material, such as aluminum oxide or aluminum nitride. Dome 14
defines an upper boundary of a plasma processing region 16. Plasma processing region
16 is bounded on the bottom by the upper surface of a substrate 17 and a substrate
support member 18.

A heater plate 23 and a cold plate 24 surmount, and are thermally

coupled to, dome 14. Heater plate 23 and cold plate 24 allow control of the dome



processes than for deposition processes. Accurate control of the done
tenperature also reduces the flake or particle counts in the CZ%HRﬁézﬁgd

i nproves adhesi on between the deposited |ayer and the substrate. wer
portion of chanber 13 includes a body nenber 22, which joins the chanber

to the vacuum system A base portion 21 of bstrate support . menber 18 is
mount ed offMPEFAUESP HEthE g’@Hf?ﬁﬁoéé"’Fh%éﬁng%B %96’&16\19'?@:}0 g@%{é'n@l’fﬁer 22.
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shown) through an i1nsert 1on/renoval opening (not shown) in the side of

chanber 1Be tésirablpitosaintaiothesdmumit adrigher a¢rspadataredfot bleaningweetetingnder t he

control of a nmotor (also not shown o ve th bstrate fromthe robot
o nue nt heleBu s ERuRRoMin B ey AR kil HRSlon EmbE Al ' on i
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substrate support menber 18. Substrate receiving portion 19 includes an
el ect r ost Heidepesitgé kayenandihe sustigices t he substrate to substrate support

mber 18 duri i NG, kN f i ,
cubstrate support minaerol oREREERRIARr Jandudls EhBLY St BIRZ TREK i

ceranm ¢ nplierthathamfae wiie Sxaiuensydtem. nalbasesortibi 01 bf eubswaty s@fpormhi ch houses
twi n- bl ade %hrot_tle valve 26 and is attached to Pate_val ve 27 and
t ur bo- nol BETPSE [ismpupted qny andifosps g cRBHHGEE tnehst fach Moty PAYIBebes of fer s

m ni mum O%?it §hisstrhRp artegra?%rrfeéi Mo alt?(rgut o@hhé}g@ers’lgmt fob6t 1 .negsho%? e valve

27 can isolate punp 2 romthrottl e body can al so control chanber
pressur e tiyoughsinrinsettiongretmboealepkeaing t(ndtlsbowskipabs tige vhenambiehi dt t.ifepival ve 26

is fully open. The arrangepent of the throttle vagl ve, e val ve, .and
{ur bor ol GRLMSdr aard 4 Sk e S SRl Par! BRI essur es
from betyaga R0 Wbskatditdnt Hf%rrbbét%lﬂé%‘%m g%ﬁe‘?'iéadin'g%sﬁ%rﬁ% @'lé‘v’%&ﬁAsySt em

80A includes a top coil 29 and side coil , hounted on done 14.
symret r i cprocepsiogmpdsisbn &6 ¢h whish thdhamhsirate echiaed oslagwbstratareceiyoyggiarien bet ween

the coils., Top,coil 29 is wer.ed by t source RF (SRF), generator 3 1A
uner eas. o1 Do Phe g et e SL sl HE eV B el HWISR SuiTng
i ndependegléctrd3vie thi R\ thataRelrts @19 4athieiaStolibRRERS RphM nfedtbeedShusdt | . Thi s
dual coil systemallows <control of the radial ion density in chanber 13,

t her eby i YOBEAE REPCPISHEMEN @i ¢loired embodigenfe suhsirpte 3oppartmewperch is meagear e
typical |l yqj Y |V i .Fequire a conplinmentary
el ectrodef.r&ﬂ%g%yp%gll] ioquée %gmrxﬁ@lﬁ@?e&n?@%tn%g&%urce RF generator 31A 6 2 6
AUG 2005 provi des uyaduamy5@th Taintkided thRttl@ budr 2 atwhichmdiatd twiz-bMde and t he

e e et pal S B and 9 attached i gate vaive 27 and turbo-molecuiar pump 28 10" &
nom nal | ytheotigalverge s attac gate valve 27 and turbo-mole pump

should be noted that throttle body 25 offers minimum obstruction to gas flow, and

allows symmetric pumping. Gate valve 27 can isolate pump 28 from throttle body 25,

and can also control chamber pressure by restricting the exhaust flow capacity when

throttle valve 26 is fully open. The arrangement of the throttle valve, gate valve, and

turbo-molecular pump allow accurate and stable control of chamber pressures from

between about 1 millitorr to about 2 torr.

The source plasma system 80A includes a top coil 29 and side coil 30,
mounted on dome 14. A symmetrical ground shield (not shown) reduces electrical
coupling between the coils. Top coil 29 is powered by top source RF (SRF) generator
31A, whereas side coil 30 is powered by side SRF generator 3 1B, allowing independent
power levels and frequencies of operation for each coil. This dual coil system allows
control of the radial ion density in chamber 13, thereby improving plasma uniformity.
Side coil 30 and top coil 29 are typically inductively driven, which does not require a

complimentary electrode. In a specific embodiment, the top source RF generator 31A



operating frequencies of the top and side RF generators nmay be offset from
the nomnal operating frequency (e.g. to 1.7-1.9 WMHz and 1.9-2.1 Mz,
respectively) to inprove plasma-generation efficiency. A bias plAEN205
system 80B i ncludes a bias RF( BRF") generator 31C and a bias matching
network 32C. The bias plasma system 80B capacitively couples substrate

portion 1f:dveddd@gyo NBOD Va4 3f RRfpoGkr &Glondtal oML B t8E Yidekaat¢ REes. The
bi as plasna system 80B serves to enhance the transport of EI asma speci es

(e.g., iosgnerater &el pepvises tpéo 8800 BattppeRinpovgsataipmBemdyto Yerface of the
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di gi t al | yopantingfrét@nsyfidesi Zer 8 Mg and poratl MHy aespgeclivedg)ue nmpravange

bet ween about 1.8 to abqut 2.1 MHz. Each generator includes an RF control
circuit (R@EMaBENGHRIINICiKBSsures refl ected power fromthe chanber and
coi | back to the gepegiad Qb sf%‘fﬂ&(ﬁiﬁmh@i% E'B%WPBR@’%Q&%F@&HQW to obtain
the | owest reflected power, as understoo %y a person of “ordinary skill in
the art. R abenenathorgneawerkt326i. cEiel byasdgsingneydterro8 @ ermtieivelytcouples oad wit h

a characteristic i nce . of 50 .. ,RF power may be refl ect from

| oads t hafumietg pgntnﬂ%e]fdép g’ﬁfiy E‘r‘?gﬁﬁ{:?}; p"?@‘f}? getap ﬁf)rgalérﬂgrétaﬁyheé?f”toﬁ%s' gelfer at or .
This can pigsprREmRYYREM BOBREMEE EGhhhRtelthe rh@plrt of Pdink isPerads! (.o REHWBT
reflected fromthe | oad back to the generator may overload and damage the

gener at or cre@ed Ay she Tonecei plgsadaystemdi0 Antophe surfacawy thesnbsrate. oima weeifiehan 5

Factors, ntedtidad HER RraRreaun il bial G R GR e R ¥ 1T RRRAE) "

adj usting the gener RF@enerhiopeBieNgnd A icRidedidinally enfrelddasghedsipavend

i ncreases the power transferred fromthe RF generat or to the plasma and
protects PREatgONeTRffeuenghEngRbetwasn about b ue abewry eMilzd EashgererRt i nprove
efficiency i | all : [ r 32B mat ch
he. out pu B R R e R R Ve o I s
29 and 3O0chafitber Rid cginbacklto dHergendérator ARy adjusie tHedtdyuamiyadfiopgratiet wostksinby

changi ng the val ue, of capacitors withjin the tchi ng networ ks mat ch the
generatorthﬁio‘t’?ﬁérqf@é@dé@“@hés Haggste ‘»géwsq%gP Wldma%ﬂ?ﬁéﬂvﬁﬁiaﬂc Yt nmay tune

a mat chi ”Qen@t%ttéﬂgral% X A @&i%%éri‘n’?c% 9;5&0% %&g;?ﬂ?%f Ot & RBarh Q8GsticNAGKddnRe t e

gener at or~ exceeds ertainTi provide a constant match, and
ef f ect i vedfys5Odolsah| RF pheerRRacontefletted frogulioadsf thatrhave nidiffere itechamt teh sty

network, is to set the reflected power Iimt abgve any, e cted val ue of
refl ect ed MPsdEce tEI"_H'i @e GERFTHET g{hi‘s QQP”Gre 't‘fémt@f‘gﬁrir?(??éh%i(ogﬁasrm under some
condi ti ongddonlydph@er RAHBI FHMNBe RRH WK 0GRS §RMtoRhay overload and

damage the generator. Because the impedance of a plasma may range from less than 5

ohms to over 900 ohms, depending on the plasma ion density, among other factors, and
because reflected power may be a function of frequency, adjusting the generator
frequency according to the reflected power increases the power transferred from the RF
generator to the plasma and protects the generator. Another way to reduce reflected
power and improve efficiency is with a matching network.

Matching networks 32A and 32B match the output impedance of
generators 31A and 31B with their respective coils 29 and 30. 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 expected value of reflected power. This may help



its nost recent condition. Other nmeasures may al so help stabilize a plasma.
For exanple, the RF control circuit can be used to determ ne hgg Mﬁ@ -
delivered to the load (plasnma) and nay increase or decrease t dgﬁ ] or
out put power to keep the delivered power substantially constant during
deposition of a layer. A gas delivery system 33 provi des gases from several
sources, 3mhilZem plasmarsder some Gandtioss Phéoldh‘@ the Betchigenevarkossiae dtver y

|l i nes 38 ch are shown). As would be understood by a

per son of (@Eﬁ/ §€i%gi%t teldl\(;@ft1 the actual sources used for sources 34A- 34F
and t he actual connéﬁheromeaelﬁresieiay\asbmelgj s1gtsili3Ba plasmhaﬁdueaxam@le verRles

dependi ng on the deposition and cl.eanin cesses execu hi n chanber
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chanber 13 showi ng additional  detail gas ring 37. In one enbodinent,
first and ssletantidllyeenstantidemng depositiandf 34a3er.and fi rst and second gas f1 ow

controllers, 35A d 35 rovi 0 ri n enum 36 in ng 37
Va gas delivery || neegeliyaleiNeBiataRis dnfrd SR s R hae
pl ural ity cRAmS@UBERoBASInE BHZduBSrada® viaQak e lPRey Qﬁesvs#sl ©hlyl so met@Whidodre pur poses
of illustrati o% that provide a uniformflow of gas over the substrate.

Nozzl e | eslpwinarfts woidd pe undangiped g pprsor RbsidRén the agl thewctual 30yrgenysasf t he
uni f or m t g, ni.gf el ?4&%‘1&%@@11&&#&'1 EthrleQoehf defLERGHeL 94 tciac}ﬁﬁ{bter gyl ar _process
within an 1ndrvi dual er. I'n a precf eP r€d e odt nen as ring 37 has

12 sour ce vges d@péﬂdu&@oﬂfrﬂféeief)dimrﬁz[hdadl&mn’gl{i’fbc&xdsdﬁe@ﬁé(ﬁmmm dbasber 139 37
al so has a plurality of oxidizer gas nozzles 40 9 one of which is
shown), mﬁaé% 4rwnér06weqdémoé@a@hﬁo REMEh -80S €88 3V ARYPT MAMNFEY ‘Shor ter t han

Source 93%%%%93 nﬁrﬁeﬁ” dleﬂ c? -sERAY H/T@&tof fiifber 8 3385widg M RRAY) p' enum

nts’ esirabl’e not to mx source-gases and
OXI d| zer desgsofgkomg 37i nj ectl ng the gases | nt o chanber 13 I n ot her
enbodi nents, oxidizer as and source as be m X r. to jpjecting
the gases into cha P enbRdimgens, firgt égurcﬁsngg \%ﬁ? B’é‘iﬁ{één body

pl enum 41aﬁd‘§bc€ﬁé§£§ﬂlﬁv %rﬁfﬁl'l'g}s?’ﬁ?SA"a!ﬂd%@B E) %H%% rin Tphén[lﬁ'l #d Jagurth gas
sources, 34C and 34D, and third and fourth gas Tlow control ers,” 35C and

35D, pr omngé7gwsgatscdebmﬁy lipeseHu(onipi sompast weth erershowinneSas3dg Yhleasrai t r ogen
source 34Fl Pl es nitro 2) ta the oxjdiz nozzl ese of the gas
T Tng-to-t RePa B & R RRcbbahe Sormiv RhOwE R apRRtHt B
Al ternati Mﬁﬂsbfatldﬂ)@hdﬂ pkdveeiulRsmlow éf SasAiVer ik substrate. Nozzle length and

nozzle angle may be changed to allow tailoring of the uniformity profile and gas

utilization efficiency for a particular process within an individual chamber. Ina

preferred embodiment, gas ring 37 has 12 source gas nozzles made from an aluminum

oxide ceramic.

Gas ring 37 also has a plurality of oxidizer gas nozzles 40 (only one of

which is shown), which in a preferred embodiment are co-planar with and shorter than

source gas nozzles 39, and in one embodiment receive gas from body plenum 41. In

some embodiments it is desirable not to mix source gases and oxidizer gases before

injecting the gases into chamber 13. In other embodiments, oxidizer gas and source

gas may be mixed prior to injecting the gases into chamber 13 by providing apertures

(not shown) between body plenum 41 and gas ring plenum 36. In one embodiment,

third and fourth gas sources, 34C and 34D, and third and fourth gas flow controllers,

35C and 35D, provide gas to body plenum via gas delivery lines 38. The nitrogen

source 34F provides nitrogen gas (N2) to the oxidizer nozzles of the gas ring to the

chamber for process steps utilizing nitrogen plasma. Alternatively, the nitrogen gas



could be delivered to the chanber through other or additional inlets, such
as the top nozzle. Additional valves, such as 43B (other val ves not
shown), may shut off gas fromthe flow controllers to the chant®8 .AuGnIs
enbodi mrents where flammabl e, toxic, or corrosive gases are used, it nay be
desirable to elimnate gas remaining in the gas delivery |lines after a
deposi ti onould‘bhldsll‘rmc;/d ftoche cleromhsr thypegh etbery agd@%dynl\ml §uch ag hehoRs val ve

438, to isol 85'9 naevalvéé Ll 059&%] oYherr)Cal%pr?(z&:sgégéwmla&%h\Y_tfcg?1, elivery

i ne 38A 8% vacuum ore f or A, ot her

similar valoyete AoWcdonerslids o BRGhAASs: may be incorporated on other gas
delivery lines. Such 3-way val ves nay be placed as close to chanher 13 as
practical, to m ni mizemp Wﬁqsmr%ﬂamﬁéblﬁﬁ\‘?éﬁt VLAGERSIVE ERFEF BFueirib
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gases, WhigdindlEPASYKSwil 1n|ffrgumf&ﬁénswllafmh@£Isgwﬁaﬁmaﬁcﬁm@tfﬂ%nse of the
filmMs deposition and dop mg paranmeters. Top vent 46 is an arinul ar openi ng

ar ound toplcormzaztcbomstherl gasalebvesprbioes. nguch 3-way salvgsasaxsmupl@eem,@mgypl i es
source gas controls

e Smoaa Bngdfter 18 3y Brac G dq B0 e Fre ol e 3B SR wPdtes diiteri e or e hec

35A cont r leswédheh@BButtvable Aidshdledamber)ehddgidnaly, 48&-w. LerrAalveSi mlarly,
two MFCs 35B and 35B' "'may be used to c)ontrol the IowﬁlyggOzl cgen to both

top vent er@talmvramybgdrlac@ééeme@maesasa@owmrallg(nMF&”éemtin@ ambsfy gen,
such as sgygeq@e%(p%as'gggrcg%ﬁ?? Wl ied to top nozzle 45 and top vent 46 may
toflo

be kept Separate wng the gases into chanber 13, or the gases
may be mxed in topRefetéippafiBoliig arg chirayerfl3aidd litls aoie hawrteess dnd.tofsepar at e
sources of the same gas may be used to supply various portions ﬁf t he

chanber. Yertéfotlep ﬁ%%l%é\%ﬁ@i wervertdGerllony @ém?néwé;ﬁpﬁgl yar aid side flevhr ovi ded
to periodyegl ?Xseglﬁlﬁph gg@%éstﬁmpm{lﬁﬁhﬂy%ﬁd LGN ﬁH@H&}Sém@g e g{lﬁhﬁ The

cl eaning system’inc a renote m crowave generator Creates a
pl asma f r depoaitioh @addoyging gmmtwsr CBop3vint ¢€ istan, anfolaeopenamg drbund iope, ni trogen

Feact i ve GHEls 0 ThEBPPAG oGRS SHTGLHEN SRETE SR, 60 "Oe ity 13 |
through c{ ?%&ﬂg 4Qa§our%§?lo£’z% MP@GS/A %oﬁ‘tP&E beARYunt Hpgas%hvél;@@ to STRE& | aI S
used to contain the cleaning plasnma (e.g., cavity 53 and applicator tube
55) nust giseorzlss 39 amt topmoazle ¥HC B)§'Atchmrqdk trermmoutnhef ghssiehvered letopugen
reactor Cr%/ziz}ey%‘:._’%ir%ﬂgrl}% two MFCs 35B and 35B' may be used to control the flow of

oxygen to both top vent 46 and oxidizer gas nozzles 40 from a single source of oxygen,

such as source 34B. The gases supplied to top nozzle 45 and top vent 46 may be kept

separate prior to flowing the gases into chamber 13, or the gases may be mixed in top

plenum 48 before they flow into chamber 13. Separate sources of the same gas may be

used to supply various portions of the chamber.

A remote microwave-generated plasma cleaning system 50 is provided

to periodically clean deposition residues from chamber components. The cleaning

system includes a remote microwave generator 51 that creates a plasma from a cleaning

gas source 34E (e.g., molecular fluorine, nitrogen trifluoride, other fluorocarbons or

equivalents) in reactor cavity 53. The reactive species resulting from this plasma are

conveyed to chamber 13 through cleaning gas feed port 54 via applicator tube 55. The

materials used to contain the cleaning plasma (e.g., cavity 53 and applicator tube 55)

must be resistant to attack by the plasma. The distance between reactor cavity 53 and



2 6 AUG 2005 feed port 54 should be kept asishort as practical, since the
concentration of desirable plasm species nmay decline with di s% nce from.
reactor cavity 53. Generating the cleaning plasna in a renote vMGy?UUS
allows the use of an efficient mcrowave generator and does not subject
chanber cgnponents to . the tenperature, .rieldi ation, or b.onb?rdr_regt of the
gl ow di sciaf gertahowd ppepsas short a3 Pragticsl 4166 theoraReentagion pf gesirable
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processor 61 The <card rack may contain a single-board conputer (SBC) (not
shown), ahenssguenly, wiagivelylsengitiypgomnenpifs, ek ptielegtrstatisisbugk) 20,idatmet f ace

boards (ngt d. st e nt.rol l er. hoards (not shown). The
system coﬁr)l e?i g??%g%%%]vglrﬂ?r%%ﬁ @‘”{thggft‘?g‘?%‘étﬁ%é” P {%Ctlgg’r %prg%'ntge(w st andard,

whi ch def whkan bogitutplaged flemmgeproagsd. connector  di mensi ons and types. The
VME standard al so defines the bus structure as having a 16- bit _data bus
and 24-bit address Pyssem epuitollgr ety he ogeraiprphbivsienuHyeln & riefegsat r ol  of
a_conput egnAAeATSHRIIEI RIS Dttefhof) 8% el ¥ Rla oL @h%{ conput er
programs, such a% prograns stored on Fenovabl e di k. e conput er

pr ogr am ddisk éries(nof sirowngxadal card tahle (iat shawgn) doupledtea pfocgases]. Rie power

| evel s and ot her paraneters of a . particular process. The interface between
a user artq %E%t@maebm%lﬁb@ﬁrq @mnuaergsm%qtémw@yeﬁ%%a@ d&fflode ray
tube (" CRApdy/dipput 308 d3 (Adt SSwBEtEfice BSardS Blok SESvi)Nardd Geppbfmolfdrgd- 1C is an
illustration of a portion of an exenplary systemuser interface used in
conj unct i @mtrall¢tboahds (extehpiva). yTTewDstemomassllergooftams ¢o thefVarssgMotdmlar  Syst em
controll 2[]‘5 60 iQQ les a 5” cess}(l)r f61 %OU led,to a c(gg%aut er - readabl e nenory
62. Pref erdBPSA" (miYSr y 582 yVEN defiis fOffds RaTd £P8Fe NG ERNGERBry 62 may be
other  Kidigenfbndmimypos. TUeVME sRbArd BROMefiafikhe bhestuctus 9§ RNigLA60! | er 60
operates under the control of a conputer program 63 stored in a

conput er -bitedadabiscandainkit addressibus. nBysteny ceroligha | operpies endgsitlgyeantiol ef ct at es
the tim er re fl - RE.power | evel.s and ot her paraneters
of a partsortih tsedbetored T ene AP sk I BERCibecyh Bue SO nd el FoebRl o

cont rol | esich §s priograms@idred BR Birésvable disld Bhd dddfput@Pro@om dGadgFocted in Fig.
IC. In a preferred enbodi nent, two_nonitors, 65 and 65A, and two |i ght
pens, 66 eéﬁ@pt%]zh,e tHRIAg ggre @ﬁgas%lﬂgﬁ poWerereheand other parameters of a

particular process. The interface between a user and the system controller is via a

monitor, such as a cathode ray tube (“CRT”) 65, and a light pen 66, as depicted in Fig.
1C.

Fig. 1C is an illustration of a portion of an exemplary system user
interface used in conjunction with the exemplary CVD processing chamber of Fig. 1A.
System controller 60 includes a processor 61 coupled to a computer-readable memory
62. Preferably, memory 62 may be a hard disk drive, but memory 62 may be other
kinds of memory, such as ROM, PROM, and others.

System controller 60 operates under the control of a computer program
63 stored in a computer-readable format within memory 62. The computer program
dictates the timing, temperatures, gas flows, RF power levels and other parameters of a
particular process. The interface between a user and the system controller is via a CRT
monitor 65 and a light pen 66, as depicted in Fig. 1C. In a preferred embodiment, two

monitors, 65 and 65A, and two light pens, 66 and 66A, are used, one mounted in the

10



10 2 G AUG 2005 clean roomwal |l (65) for thé_ operators and the other behind
the wall (65 A) for the service technicians. Both nonitors si %t%geously“
di splay the sane information, but only one |light pen (e.g. 66) SUSHAN ed
To select a particular screen or function, the operator touches an area of

the display screen and pushes a button (not shown) on the en. The touched
area conf F%ﬁ%r%@ﬂ wall §&1)det Ba opgratorwand the pthsebemyd %f‘ﬁé(Y?éli(ﬁaA? P‘g”(‘:‘bl or or

di spl ayi nge 3;BeNhAR M. fBB{h] REARL ﬁmuﬁgﬁeoaglmﬁgrtﬁé OhA RS AME o At Pe

witten in any conventiona conputer-rea ogramm ng | anguage such as
68000 assentylopellighgpeage.g. &) iCenabledorTPaéarah parfioulhaiireenmrdgncuionctbde i s
entered into a sin

le file, multiple fil i tignal text
edi tor andPeTaios foyets aprareafifoly AaPEY Ste gL RIS Pes REIE (RPN QUEK as a
nMenory sysée e tohfRd GARWhAfms bding Bedt B &d ligROFent 8XdhahSing s dolok gh | evel

| anguage, the code is conpiled, and the resultant conpiler code is then

| i nked wi displapingasjescmennder exempleeconpi | ed wi ndows |ibrary routines. To
execute the |inked cfgngi | e obj ect code, , t he. ts§st em userntgorrll\élokes t he

obj ect code causi ng PHEBRTETRTEBAE S 67D Be WIHEA T Y @B enory. The
CPU r eads céhputenftaddbl ©progrimhiig adtgu h@s 68000 £8sdebly lMppadd or O+the tasks
identified in the program Fig. ID shows an _illustrative bl ock diagram of

the hieraPtPasedll Susphle orograne cadqiscaterd iperptieale fif egrattirloflespsinget enters
a pfocessg&%gﬁéﬂm‘e&t gd?&&ﬁf&%%&ed SDAIRSS e M HRRm | %%s%l@ﬁ%ﬁ t éﬁ%m or

subroutin I'n response to menus or Screens |'ayed on

noni t or bys aisemgry Hi8teni ffithe pemputsi. €lif tleceterdh eodertexias i slaph lavek

predeterm ned sets of process, paraneters necessary, to carr ut  specified
pr ocesseg],ang‘éﬂg&’ 'g‘P éo‘ii‘?j'éﬁf’inpﬁ% apq therendiantcamniler C?ﬂﬁfﬁ%.h“ﬁ?‘g&’é@@sel ect or
subr out i ngy 30, hdentbbdmledlihddNEIBIES fofindd bahefice Boipiled
mul ti charrg[gr s?steﬂéﬂeédn@ﬁ(eidi )1 g(%]eéaé%gﬁ}r ggggée%t GIo%]“aéé(ﬁ)dr%ocess Sar%n‘glt%rs needed
t 0 oper at ebjetieope, doesystenhastbevokarthp ebjearavida gaushng tlesompaer gys@oe®s. The

process par ters.for perform a specific process relate to conditions
Such as pPALLECOIREn BEMBDS [Hoon AR HeRrada el mEBRpLTEL cheguiep g ot e,
plasma  cenirforange @M&NdaRifRE iPMerogemel s, and chanmber done tenperature,
and are provided to the user in the formof a recipe. The paraneters

speci fi ed by the reBigptDahevsearn dlustgativetblodkzdiaggam oé the lyerarghinal @rIrooni t or
L 2Ceuu et g g R 08, LGRS B TR L1
for cont r glahibeg nlifiBerlh@GESiScesREdecdt Mbfoulife | NBiRY D8 ANHelis®r lsedeeiut put
boards of systemcontroller 60. A process sequencer subroutine 120
conpr i sesdipilayfden the §& Tt menitor by using the light pen interface. The process sets are
predetermined sets of process parameters necessary to carry out specified processes,
and are identified by predefined set numbers. Process selector subroutine 110 identifies
(1) the desired process chamber in a multichamber system, and (ii) the desired set of
process parameters needed to operate the process chamber for performing the desired
process. The process parameters for performing a specific process relate to conditions
such as process gas composition and flow rates, temperature, pressure, plasma
conditions such as RF power levels, and chamber dome temperature, and are provided
to the user in the form of a recipe. The parameters specified by the recipe are entered
utilizing the light pen/CRT monitor interface.
The signals for monitoring the process are provided by the analog and
digital input boards of system controller 60, and the signals for controlling the process
are output on the analog and digital output boards of system controller 60.
A process sequencer subroutine 120 comprises program code for

accepting the identified process chamber and set of process parameters from the
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accepting the identified process chanber and set of process paraneters from
the 11 2 6 AUG 2005 process sel ector subroutine 110 and for consz Pb@ﬂﬁ
operation of the various process chanbers. Miltiple users can én é
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steps of (i) nonitoring the operation of the process chanbers to deternine

i f the chanbsngle ase camentngmub > PIOE¢Sy sctetuerbmsmndg)rww chambeessmBerar e bei ng
carried out and | [ ecut |S@gut hg desired
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be carri ePreiiibly Gegveéd subadutifell hoisludks Ef?ﬂjgtreﬁﬁ code tbfperfbrrﬂclees&cps@ﬁarrber S
can be used such as polling. When schedu gqv\,hlch process is to be
execut ed, (5BguiETiNne the psratian QféheiE@C@Sér?h%'@b‘éfé deteraning ifithg ghanhees are
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present conditio In conparison-wth the
desired pmsedeemsl (ﬁi)redémjitmgshefctamed pekesstbaskd qarayaeastﬁhtymf agmycest tleimbreel evant
factor S stem r anmer res to incl det ermi ni ng schedul i ng

priori t| cd typg prg &%‘bee?ar% ?‘Buﬁoﬂee“i‘?ﬂgldé?t 245 of oo ing thiy JEESE chanber

and pr Ocﬁﬁﬁlb\%f?stcaﬁ @ERLRALL@sipDIIHR Whé@sc‘ﬂ@dﬁ?ﬁ%%&p progeds is paguencer
subroutine 120 initiates execution of the process set by passing the

parti cul agxeputodcsguenetr sphroatiae eE(scetrlcbeadesxghahtnﬂakmnagmsldsmeomhe ne 130A -C,
whi ch contraols tiple processi tasks i.n chanber OSSI bly ot her
chanber o (36t Sy aabhair g et HendSh op Lisueieat Cokion e Biidhcer
subrout i Néad®@r bdiX@RIIeS cOhpHTBARAT 16 TBRRA Pro®sEdditions Soral RIcgtdast r at e
positioning subroutine 340, fgr ocess gas control subroutine 150, pressure

control sprbeesstdraay e8er fel%ﬂt FQE AraYSEON Pragramubr dasirente inglode ffose havi ng
ordi nary recogni ze that other chamnber control

subr out i n‘gierglénm%gmeﬁ%l nLﬁngaorﬁlgﬁendl ng on what processes are selected to be

performed in chanbeAfid3Ieqidhc@RRbAIULION 126 B BEhesWRIBY BfoceSUhambBE! il 130A
sel ectively schedules or calls the process conponent subroutines in

accor danc¥ogist FetcREbparen Buoe torbscaea tabrexbaediipnesasbiostine Cidmetesmanager
subrouti ng. 1304 osf(ftgbeﬂ%%;(%§ sét fgga% %Qﬂﬁﬂ ar HREQUE %ﬁm!ﬁ%rs {§§ same manner

that sequencer I he I'és the process er and process
set to exshamber mafagpr naulrémnedhaﬂt(erwmalma@&folssmbmpw proeesiid@Aasknol udes steps

of nmonitoring the vario cha C ents det ermi ni ng whi ch conponent s
need to H&eH @g}@@%@E@ qghertcﬂb@n[)ers? ots own) accord}ng to the process set sent P

by sequencer subroutine 120.

Examples of chamber component subroutines are substrate positioning
subroutine 340, process gas control subroutine 150, pressure control subroutine 160,
and plasma control subroutine 170. Those having ordinary skill in the art will
recognize that other chamber control subroutines can be included depending on what
processes are selected to be performed in chamber 13. In operation, chamber manager
subroutine 130A selectively schedules or calls the process component subroutines in
accordance with the particular process set being executed. Chamber manager
subroutine 130A schedules process component subroutines in the same manner that
sequencer subroutine 120 schedules the process chamber and process set to execute.
Typically, chamber manager subroutine 130A 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 execution of a

chamber component subroutine responsive to the monitoring and determining steps.
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process paraneters for the process set to be executed, and causing

execution of a chanber conponent subroutine responsive to the gﬁnh\t)}@r ng
and determ ning steps. 12 2 6 AUG 2005 Operation of particular a 2005
conponent subroutines will now be descri bed with reference to Figs. IA and

1D. Substrate posit bogrﬁ-p f;’é’ rrR(%{Lérnc%ar’%Qr co Ehtssﬁﬁ é)%ﬂggs;u lslf’(g»gﬁee for

control ling chanber use l"0a onto

substr at edesuﬁaarwltmwfheﬁcehs Figubatandt1®. p&&istraterpbmgomugsmrbhm MO0 may al so
control transfer of a substrate into _chanber 13 fro
pl asma- enRRIARESS exAsran eptecybegnirlling dlamber SRRANCPlS A0t 3Fe TSR {hload 2

mul ti - chaghgfa @ baleibstitd ﬁfpﬁBﬁ'ﬁﬁfannr%:e f}gte gaaﬁom@ BURAE] Rfmay T OCESS

gas control subroutine 150 has program cod cont ng process gas
conposi t i also aordrdl krensferaifasubSate mtm chambbS(DS ﬁnnt, e@.,s flismopdnrnadddseD

oSt o Bhet AR TALELF s bl BLHE IO ThRS + AR B SR

conponent hERBShREd. | ncl uding process gas control subroutine 150, are

i nvoked by chanber manager subroutine 130A. Subroutine 150 receives
process par arret ers ﬂ’rw&mmeﬁrolmh@gmelﬁhhﬁsw@grn@ cpgeforreentvlbidgt o t he
desired gas cont ﬁ subrqutlne 150 opens

t he gas SPJ ?Ss gfl? %oenéposmonc?%fleﬁeat E‘%ﬁl& % ﬁ?qusﬁ)sc%rg sary “rass flow

controlle @mo(nl dfthe ARG sRR-dfhealv@asidngs rains tyeansigsdovectht nfis Newes recei ved
from cha manager subroutine 130A, and (iil1) adjusts the flow rates of
the gas s%lﬁloi}eﬂsﬁ%é%taalsthﬁé%%@@8F§/ﬂ0‘Fl§?t?5heA hamnbgscorweBen s4brogiRfsy ol

. “S‘mcljaﬁf%gﬁ}éé{?esé‘gis%ﬁtrélts‘ﬁBFbufc it 15‘6)%% %blﬂ&ittﬁ haHfhs kg rates for

unsafe rates or-activating the sdfety s val ves en an unsafe
condi t i onsubsoutiét @30 A&d SubmusesTES Qreogiesyescesaparametets foua chambér msagegon, s
fl owed in%lg chamber, 13 to ﬁl;[q%gl lize the pressure in the chanber before

reacti ve PRRUESS 1§04 adatgd do YErdoea flowHgtest hese processes, the process
gas control subr Ou;"é}gtﬁca]rlgo?r'm?esﬁ QQEWQJ%QMH&CI'S@Q) ensSthEBSs §L$syf 2% ng the

inert gas into cha or Al anpunt t1 me necessar abilize the
pressur e aml reprateciiya@rpends thh eestsspog rmiesﬂmwbentrcaall:emgéu)rmyn;ta@rth@eeadmgs i ed

out . Add|t| | 1 when a process |sto be v rize ro i qui d

pr ecur sort? ‘FefesikdAgrianiet e HEF AprErEAUET ERREC] BRI HOALABLAEL das
control FOUB IRG rhRY of e aglgdpmeh%s%@%eééagarpuP@Amé?ﬁhoae deddeyseta¥ gas such
as heliumithrough the |iqui d precursor in a bubbler assenbly or for

i nt r oduci gegtrohsibnaiting b9 may ihdledd depsifof monitaringvthe gas flGp ratehios unsabe of
process, rtapeg aRd ?ocr%%tslva%%% t}(i:eosr;. ert}g lshuﬁuotff valfves vghe}lSa?l unsafe condition is detected.

In some processes, an inert gas, such as argon, is flowed into chamber
13 to stabilize the pressure in the chamber before reactive process gases are introduced.
For these processes, the process gas control subroutine 150 is programmed to include
steps for flowing the inert gas into chamber 13 for an amount of time necessary to
stabilize the pressure in the chamber. The steps described above may then be carried
out.

Additionally, when a process gas is to be vaporized from a liquid
precursor, for example, tetraethylorthosilane (TEOS), the process gas control
subroutine 150 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 150
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
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regul ates the flow of the delivery gas, the:-pressure in the bubbler, and
the bubbler tenperature to obtain the desired process gas flow 2?3& As -
di scussed above, the 13 .2 6 AUG 20 desired process gas flow rat G 2005
transferred to process gas control subroutine 150 as process paraneters.
Furt hernore, the process gas controte sHbrouti ne 150 i(gcl udes ,stgps for -
obt ai ni ng9egHEd RERGEESEASFloMETaf a5 @Fs rafistered dQ PFOLESs 25 GAMTQ SUIPUL |0 8San
bubbl er ﬁ;@ggﬁ}mge&or the desired process gas flow rate by accessing a
stored table containing the necessary values for a given process gas flow
rate. Once the nece¥sahermoad, thespracess gaostoatmabahbrautiee d &0 inchrdgs giaps forow r at e,
bubbl er prgssure.and bubbl.er te ature.a noni t or e npared to the
necessar y PRI NEsS AECESHET Q%é"&%g%?{od’f Wé?’)p.u{frlﬁ’éprﬁﬁs&eeggéjBlétgoq?{ont r ol

subr out i nendRPatimYorihe defiRaipréesd g8 flowoMitOby adteding 4 abetieibl@asaibiagh as
helium (He), through the inner and outer passages In the wafer chuck with

an i ndepethganeeshry ivalwet Bntergdven(arersss sasftomratneOperothe SRemary vathes argas f1 ow
thermal |y, tgﬁeé,gﬁ%?lgfvﬁép%sstf{o% Erd %u@tp'gr @E Gk ar{drbu%bfefli’égﬁ’gebtt@{e%?esS’ the

wafer is at asna an em cal Teac at form t he

| ayer, anghohltéretiiecongatel tottiencsudatyralies tahd adighted hecoeditgly, whi ch may be
wat er - cool ed. This keeps the substrate below a tenperature fhat_ may damage
preexi sting feat ur edh@process gas erntioh subropinesksfraaycalst satrobths ot ohe 160

| ol udes RERGHATLEAH SRl AR AL Bloudslif BRSPS Sirbi}ublRBPRId3 DY

regul ating the siz e openrn rottle t he exhaust
porti on ofvafehehwdkanitesn indgndemheliath coe@slt(IHED subasitmer(estishdenpf Tleont r ol |1 ng

the chanber with the throttle valve. The first. nethod relies on i
char act erE%fm@”E Emallyeanp tfgﬁ%@gt{p}%toa@eicguql%ﬂgtaégplg Progesm geoHer St hi ngs,

the total hdMt&QG55the %?a%mfa|a9&"theté?1@m§c':aizf9eact@(;nst he f@x{n?%sli?ye?,%m?ﬁ‘é He@bdlst he

t
punpi ng capacity. The first nethod sets throttle val've 26 to a fixed
posi ti on. thesubstrate thhough ttheechugk, wehidt6mayp ba waterexboled s iThisdieepsetjie evtestrateal | y

result in st eady- st at ressure. Alternatively, the chanber pressure nmay
b measur B10% v EAPS e MBHERE Aamee RISSHITHMG eatiie® PRUCUENEn of throttl e
val ve 26 may be adjpgiffe cAfOPEbrodintq 6DNRISIH: Prégithicolie fdkbAWIiAe 360,
assum ng the control point is within the boundaries set by gas flows and

exhaust ctpacissyre imphanthsr i by negulasiag iee/sizeelihe opening)of thkatle vHugd@m pressure
changes, t he measur nt 0 risons,,..and cal cul ati on a i at ed
B e AR OERE R Bl e B B b s BB RS e e

wth the r 4%%are ‘Aot ¥ nvo
wher e pr egic $Rarfipdttwiel thefthrbhr vaRaniIbe fipstesahiéEreliss MOEhar fMdtiZiRdthe Wwher eas t he

| atter nethod may be desirable where an accurate, repeatable, and stable
pressure §hampegpregyre as it relates to, among other things, the total process gas flow, the size
of the process chamber, and the pumping capacity. The first method sets throttle valve
26 to a fixed position. Setting throttle valve 26 to a fixed position may eventually
result in a steady-state pressure.
Alternatively, the chamber pressure may be measured, with a
manometer for example, and the position of throttle valve 26 may be adjusted
according to pressure control subroutine 360, assuming the control point is within the
boundaries set by gas flows and exhaust capacity. The former method may result in
quicker chamber pressure changes, as the measurements, comparisons, and calculations
associated with the latter method are not invoked. The former method may be desirable
where precise control of the chamber pressure is not required, whereas the latter
method may be desirable where an accurate, repeatable, and stable pressure is desired,
such as during the deposition of a layer.
When pressure control subroutine 160 is invoked, the desired, or target,

pressure level is received as a parameter from chamber manager subroutine 130A.
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such as during the deposition of a |layer. Wen pressure control subroutine
160 is invoked, the desired, or target, pressure level is recejyed as a
par anmet er from chanber manager subroutine 130A. 14 2 $ AUG 200 r Al 0%
control subroutine 160 neasures the pressure in chanber 13 by readi ng one

or nore conventional pressure manoneters connected to _the chanber,
conpar es PRSSUTREARIN SHOTEUIRF Q) measutes &he Riessute 19,c8aBbsrel3 Ryfeaqing one or

proporti O%'rT, coeREs Al %rr?géﬁge AhhdméeRtdoahectddibifle MBhiBES brPMHR it Or ed

pressure table corresp ing to the target pressure, and "adjusts throttle
val ve 26 awesured vajud(s) tblke Ridot pressues; abbrins preportipualy integrabradsiifterentiddl e.
Al ternati . pressure control subroutine 160 en or close throttle
val ve 26 (a0 vales FREA w8 pismrrg M Eort 3ot ke PRER pisneridi n chanber
13 to a degustsehrbfiieSalEe26QAtcorBing$s tePTDAMRs obtadfedErdie el RbssGrelaIEt | ne 170
conpri ses program code for controllin t he frequency and power out put

setting ofltRmageelerpespss cgmolamr@&ieegﬁ@mfaamp@mm elgse theatdnyalye Aetasr ks 32A
and 32B. trol out.i ne [ h revi ly. descri bed
chanber c %gL%%?Seg h%rs(l)ztftst ?Eééuﬁladf gh G p:r%gsgﬂréedn gﬁa%?]egr%getg\érgg%geg rrehgﬂ%ro(rguti ne
330A. An pieadipt fangé. a systemthat may incorporate sone or all of the

subsystens and routines described above woul d be the ULTI MATM system
manuf act ured by APPPlagma gpoteaspbrauting\{y0 comprisgnpraganysede fensqntetiga,

confi gurege Jlfeggf’%cggagh%w%ﬂgutl?ﬁt%%ﬁﬂ _Jfﬁk\ﬁe%é%r%{brf EPAEH&@lﬂ%E%if%r%u% such a

system are int copendi ng, tommonly assi gne Pat ent

Appl i cat i onatdNmg @BV/&kS 392 And B2Be®ladmlaycoitsol sub®@bne &1, ilike etk Jr8viondy ri c
Tunabl e I nducti vel y- Coupl ed HDP- CVD) Reactor," hayin Fred C.  Redeker,

Far had wbg?faa ?ﬂgﬂrvr\bsb? ARSI DTRMISES, 5 TPYpdRNLPABRFT MAVARSNSUOTBHIN an Li
Brian Luczzdipbert Steger, Yaxin Wang, Manus Wng and Ashok Sinha listed as
co-inventors, the disclosure of which is incorporated herein by reference.
The described systAmexamplerofexpstpmahat nrayripogpomatel spmelar all@iltlt be a matter

of routine.skill for a perso f.oskill in th Q,Sel ect an appropriate
convent i S RAST s Bf"ﬂ)’gcﬁjr‘c’égg’leﬁGbo‘éey%?‘é%bﬁﬁ}&f*egﬁmbe?{ S¥HPr ol systemto
i mpl enent mfaﬁﬁfaﬁﬁﬁéﬂqgrtAPmm MATERIAILS, BEXEME AR a Efea REESHI Mo rdiBired esent
i nvention unexpectedly inproves adhesion of HDP-FSG to overlying or
under | yi ntp Breetice dlite present meegiginnurthaihetarstdicuch & systam angridsstased outhei t h
reference_t | gS D), .. Ft.0S; i gt il and
second e?ﬁa"%‘dif‘r‘%g’n‘i"ér? n’é?nﬁ( ﬁslels{%%r?éa'g ﬁgg ]f)laf((e'it ﬁxeo pIBr%‘soéﬁ}g&irb%\//églr?%? ghﬁlegihélé' Sli?( a) and
4(b) repres@Nentitled "Symmetric Tunable Inductively-Coupled HDP-CVD Reactor," having
Fred C. Redeker, Farhad Moghadam, Hirogi Hanawa, Tetsuya Ishikawa, Dan Maydan,
Shijian Li, Brian Lue, Robert Steger, Yaxin Wang, Manus Wong and Ashok Sinha
listed as co-inventors, the disclosure of which is incorporated herein by reference. The
described system is for exemplary purpose only. It would be a matter of routine skill
for a person of skill in the art to select an appropriate conventional substrate processing

system and computer control system to implement the present invention.

III.  EXEMPLARY FSG DEPOSTION

The present invention unexpectedly improves adhesion of HDP-FSG to
overlying or underlying silicon nitride (SixNy). The method is best understood with
reference to Figs. 2, 3, 4(a) and 4(b). Figs. 2 and 3 depict first and second
embodiments of the method of the present invention. Figs 4(a) and 4(b) represent
dielectric films deposited using the first and second embodiments respectively.

The first embodiment of the method is best understood by

simultaneously referring to Figs. 2 and 4(a). Fig. 2 depicts a flow diagram for
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dielectric filns deposited using the first and second enbodi nents
respectively. The first enbodi ment of the method is best understood b
sinmultaneously referring to Figs. 2 and 4(a). Fig. 2 depicts ad %@Jram
for 15 2 6 AUG 2005 depositing an FSG fil m 400 having i nproved adheS| on to
a subsequently deposited overlying Si XNy |ayer 408. The net hod 200 begins
at 202. Ateststipg 204 S fijlas ¢@ubaving innoeedadhesadmiogsubsewsntdif depiokited Si F4, 02,

For the QBHBLITA S oeBER e B 20 883! Vhnbs th 2RLbEE et | net or o

per m nut gifisR&Bhtalfhg Bbwé of STRNEZY O add AS 6CiMrb@iceditd 4 prdceRrnZ@Bert 0 400
sccmfor 02, and from 100 to 400 sccmfor Ar. The chamber pressure is

t ypi cal | ysuqhms ﬁb%ﬁlbféd3at1: loye rajesclior meaiﬁaos;mpmases 1bg¢ fromd telPinpedarda) |
tenmperat ug gl S f%Ql ' LY ltn”&' (“{)cg&) i%h ES& &0 4%%?&1?&33 £/ QG T gaseous

m xture iS energl ze orm asma Bsit1hg SG on a

subst r at e4@m§ccﬁmhoa,5analﬂdrmm P08l secraliby Ar. t’the maa&ﬁapnessuae Ritgdicalgensi ty
plasma (BDP), .i. | asma _having an _jon den5|t¥ of ap Prom mately 10
i ons/ cnB mam@aﬂ@eaitaérbetvaeaé Pevermillgor ol hn sharaar VAl erPETILT A tHEPAYI ti on

process H%ihﬂ&ﬁéﬁ at B Wees QUH%Cd3T AROWer s used for plasma generation and

deposi tion an substrate tenperature control. For exanple, in an HDP
chanber such as cha’ﬂh&egas&@;s mizatrevesemergifdd aasidp 28060 fuamtaspladmaRer power ar e

applied tg to, 29 and bet ween 250 800 are a ied to side
o 50, ' GonsSBnB Eistdien SbRsTEADE Sibtiad SHipph o Brato bty T 219508 tnk BBt veen 380
and 450 @en‘é'h'%bﬁgmgﬁ%@?%% bla@rﬂa hhvin Qﬁl&rﬂ%ﬂﬁtm pr&ﬂ%at%kybﬁi'rate i's

heated with t pl asma”'usi ng source F power I n anot'her enbodi nent,
a | ow bi aisn®Emponeneater.i Bigs powpr is 0oS@Omaly tised io ire d!m)osnsenl pfagessdeposi ti on

t t 1 with ks 1 f
et ot uDEgrong poltp RF pdwtr RISS ror Ghfmh g rerd B P FuS TR Wt or 500 rm

waf ers orsubitrile Whifetatin® oRIEL IFGR Sxdhs6 ihQn MK chdinbe BiidhaasicAhmbéd i3con (epi )
wafers to the desired tenperature during the process. Because of their |ow

resi sti vibapweapl S0Rene A80Q wativof BB phwer ard applied totvpcaloift and tREveas2580bi as RF
i's necesgardohQ a@gapedié)phgga}é@g 3P d he wafer to the desired tenperature.

I n addition, Hack i hg may optionally be used for process

t enperat ure contr ol TiRwhbbtedte edmpreaturdfis §bicallPulakntpiaed hidserdeeh 330 ah$G fi 1l m 400
has been deposited, the flow of SiHA is stopped at step 208. An
interfaci ¥l &)‘?‘{TIDBWS@I' denpsitipgcly Pfif‘fﬁml?‘)démemathﬁébth%@fe is b@%t?(? wHhals in Fig.

4(a) is theq,dep c]tu%%: I@B@&eﬁdrﬁ 7 Inoa%og%perﬁ‘ Odlk%}lpglf% {hac‘ A erl €SS

hydrogen 1s aval I ncor por at e’in portlon of
t he FSG f(ilknup to 500 watts) can be used for deposition temperature control using a closed

loop with backside emissivity wafer temperature control. For example, a low bias
power (up to 300 W for 200 mm wafers or ~1.0 W/cm?) is sometimes used to heat-up
epitaxial silicon (epi) wafers to the desired temperature during the process. Because of
their low resistivity, epi wafers cannot be heated with only source RF and a bias RF is
necessary to help in heating up the wafer to the desired temperature. In addition, back
side He cooling may optionally be used for process temperature control and targeting.
After a bulk portion 404 of FSG film 400 has been deposited, the flow
of SiHy is stopped at step 208. An interfacial portion of the FSG film, i.e., a topmost
portion 406 in Fig. 4(a) is then deposited using SiF4, O and Ar. Without the SiHs,, less
hydrogen is available to be incorporated into the interfacial portion of the FSG film.
The flow rates of the other gases are not normally changed when the flow of SiHj is
stopped, although it may be desirable to adjust some or all of these flow rates to

maintain a constant flow-rate concentration.
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The flow rates of the other gases are not normally changed when the fl ow of
SiH4 is stopped, although it may be desirable to adjust sone g Q‘?E @65 -
these flowrates to nmintain a constant flowrate concentration. 6
AUG 2D95 The interfacial portion 406 need not be very thick conpared to t
lie overall filmthickness. In one exenplary enbodiment interfacial

portion 406 way anddRtntedacilpertiopsti§ needaet by vesy thigkagompgesd §01ths 400
appr oxi na hj j -acla L ; 5ybeen
dopos t od S EmAR Ak G Re)L BB BthainPRE! RSP A0RBR Ve 400,
i .e. on tamooft tbhaboutritsed A atiofh tater ES @ fil @G0 appskamtdy 10,008i4 Myck. | ayer 408

can be deposited_ by any.copventjonal neans |ncl udi. CVvDh and | DP- CVD.
onever TR e AT s PEaeotT flon e St AT AR e ent ent -
sone enboghBMhe FEG 1@5@93@@}1& B top of e infertalR poriBn 308 aDGEp 2F0. tHIENFSG

deposition. Thus, if, for exanple, the FSG layer is deposited in an
HDP- CVD c laieb@98 cantbej deposited \byraing senventigeg) sedans tnghidgigNJEC ¥ Dend {DHDP- CVD i n

t he sane . The.Si, can be deposited.on.t.op of the FSG to any

dosi req- ¢ kit Eowe i io b AN AP SRR MR L IRt rMER R b chness

i ncr eases sommt gmbodinAth t4 dBposdeRd SLNAiInSBE eitde et BB He FSIG ddppsiehhod of the
present invention wherein an FSG | ayer 401, having an inter-facial portion

405 and bdhrs, iy &riexamplegtheiFSGlaperss derpsied @ apdBPrGYR chambefvérs a | ayer of
Si ~Ny 403 . i ] RS e a i & deposited
on the su grél;{%g{eg? ﬁ?r}%gggp@f: ég‘?‘%é@%rgi@\feeﬁgg}*%%‘%%%ﬁ%eﬁﬁ 5 SEIFIYNY | ayer
403 may beardepdepobied dytop ofitherRS®Mradnyrdesingl thickaésgdbingdiiishn@éncatid PECVD.
Furthernore, substrate 413 may, include a previously deposited FSG | ayer
410 havi n§OBeBURKINE thigkneshigcrgAssSnt er f aci al 1 ayer 409. After depositing

Si.Ny layer 403, a FASCOUSY MoY bifia acs%e(ﬁﬁghntggiri&w@twméhgéof&%, and Ar,

but not S", is intro a process contal ning substrate 413 at
st ep 306. pfsawimangsn heretrhan k% teyiet #0h) hgeisg an isedgecidlporidiaSand bulcem f or

SiF4, from 200 .to 400 sccmfor 02, d frogm 10Q_t cmfor, Ar. As
di scusseaPagIa” Py DaNE: Ersshrpehe L over A8/ aaL SHabAC. TRoRog Bhess
i ntegrati geyisd ARERPOI0NL i,ﬂ?4@ﬁﬁ9§ﬂ it dBRshed Sh tHdsub@yes 4 1503 sge?@oES@sliﬁyer 401

'S
in the sane chanbér. The gaseous m Xture is energized at ep 308 to forma
pl asma f othe ffstroshadiment; Sithdy faperi 4B meor bd daposies yf coRgetioaglenea] .

por t 1 on_aBs i eBRBREPR e PEC Y PTGl BUARER 45 igHlAFE { hen”
deposi t edpresiongly depdsited ZS GAlAFer A1 0 h&qu%%uffﬁap@mn,anbiaasntal?admwwer chanber

pressure, chanber tenperature, and substrate tenperature are g_ener ally
409. After depositing SixNy layer 403, a gaseous mixture containing flows of SiF4, O,

and Ar, but not SiH4, is introduced to a process chamber containing substrate 413 at
step 306. Flow rates for the deposition gases range from 20 to 40 sccm for SiF,, from
200 to 400 sccm for O,, and from 100 to 400 sccm for Ar. As discussed above, in some
embodiments, it is desirable, from a process integration standpoint, to deposit both
Si,Ny layer 403 and FSG layer 401 in the same chamber.

The gaseous mixture is energized at step 308 to form a plasma for
depositing interfacial portion 405 of FSG layer 401. Preferably, the plasma is a high-
density plasma (HDP). Interfacial portion 405 of FSG film 401, i.e., the lowermost
portion, is then deposited using SiF4, O,, and Ar. Source RF power, bias RF power,
chamber pressure, chamber temperature, and substrate temperature are generally
maintained within the ranges set forth above with respect to the first embodiment.
Without the SiHa, essentially no hydrogen is available to be incorporated into the
interfacial portion 405 of FSG film 401. Interfacial portion 405 need not be very thick

compared to the overall desired thickness of FSG film 401. In one exemplary
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mai ntai ned within the ranges set forth above with respect to the first
enbodi nent. Wthout the Si R4, essentially no hydrogen is avail aefb]l e to be .
incorporated into the interfacial portion 405 of FSG film 401. AhPERT S al
portion 405 need not be very thick conpared to the overall desired

t hi ckness of ESG film401.. I n one exenplary 17 AUG 100 di rent the
i nt er f aci &Mbpéimenphedntstintial RoglofAspRUM! t@(?bﬂ“tol?p%of ol q attaﬁaFF-ig%?% m

t hi ckness tﬂ@krﬁ@ﬁéﬁﬁ%%{%@&%yj—@,@@OA.nglfmihg%ﬁ&imht%if@?fllq;ori.icm £, aci al
W

pore ion 405, i'HA 1s added to the other gas ows at a rate of

10 - 60 sedlomt of SiBpdsidded trethe lothek gaf flawreatPS@el odyl 8- &t scemdp d8p@itake descri bed
above wth re C Fig. . 2.,.Fhe flo rates of the other,gases are not
normal |y Bﬂlgrf’g@(&aﬂ é@é:ﬂaytehgt sltepr%-BOars dgfclﬁ)/efi gg?vﬁt‘?“gb[%%?ft g‘i {}Iﬁo%gﬁﬁ? ﬁOWay be
desi r abl erites @dheélsthet fR6Lark n6VdrahRS chihglBiWHed ke fove BNSTRNS indiR@esddt | on

rate. Step 310 is optional if it is desired to deposit the entire FSG | ayer
401 wi t halthoughiihgashberesirable to adjugidhrssifiovwaragnste meayan pgpastant dgpostiicinpl e, i f
a suffici ly thin FSG layer is to be di sposed between two Si XNY barri er

| ayers, it would be desirable to have an interfacial |ayer at both the
bottom and the top 8fept3e iFStidnali€it.is Residee to tépit tikemoise FSG heeritddl e of the

FSG | ayer using SiF4 with Sil-14, it may be sinpler to deposit the whole
| ayer usi W(}?‘@‘W”\ﬁ ' Hedte &5 qgposif g/pure et FTPNRETORES! Pisﬁﬁl“ﬁeqﬂi}’l ustrates

o il fi ' L . = oy i ch e
sinplifhgdr §quy;err]2£§> He%'ogég t%%égn o $ing e&rrﬁérqu&é, iCWbitld beQsiranhy y

be made in accor W th'u fhe preSent invention. As shown,

i nt egr at eth lave aniitteFaHalilayer adesh NdbSttamda St dprafnlsd B$Glayeb OBatherckhd6,

whi ch are, separated and e rically._isolated fromeach other by.a field
oxi de. 1 eglenr~Bats migtia tng b6 st g SRR Shloh FRGR S(MREBISPOSOr ot her
t echni queheAVKdRE P@@ﬂﬂ/sﬁ{fgysmg wansitiggs 503 and 506 nmay be separated and

electrically isolated fromeach other by a groove trench isolation (not

shown) when transistors 503 and 506 are both NMOS or both PMOS. Each
transi stor,,5 i a source region 512, a drain region 515
and a_gatg“rﬁ%ﬁ%ﬁﬂ§§g§1§ﬁgﬁéhgﬁiﬁ dielectric (PMD) layer 521 separates
transi stors 503 andrR08 illfsfras Hﬁinﬂiliﬂed)é%ss@é&idﬁhltﬂe@%ﬁﬁﬁté%gt%dl@ﬁ‘I:M/Ben
netal |ayer 540 and the transistors nade by contacts 524. tal |ayer 540

i s one of 53Gurhichemay be mpde i acsaands4pith Bsepf thepresey g1ventingl. utieghomw,
I ntegrat eﬂ}te%'re{t&'l" keut®o iﬁeaﬁgqsriﬁ{él?s e{n%WOé%pdnsi e 5(%4{}16 ﬁ@dwﬁégiaéﬁsec tric

separated from adj acent &r's by respective interneta
(I MD) | ayssparatédand ebetfrically isoBfed fow edch adhbr ©f a AbINxidRyregion 527 formed, or 529

can be deposited. in, . X ) .
Dy local oxidation of silicon (“LOCOS”), or other technique. Alternatively, transistors
503 and 506 may be separated and electrically isolated from each other by a groove
trench isolation (not shown) when transistors 503 and 506 are both NMOS or both
PMOS. Each transistor 503 and 506 comprises a source region 512, a drain region 515
and a gate region 518.

A premetal dielectric (PMD) layer 521 separates transistors 503 and 506
from metal layer 540 with connections between metal layer 540 and the transistors
made by contacts 524. Metal layer 540 is one of four metal layers, 540, 542, 544, and
546, included in integrated circuit 500. Each metal layer 540, 542, 544, and 546 is
separated from adjacent metal layers by respective intermetal dielectric (IMD) layers
527, 528, or 529. Any or all of IMD layers 527, 528, or 529 can be deposited in
accordance with embodiments of the present invention. Adjacent metal layers are
connected at selected openings by vias 526. Deposited over metal layer 546 are

planarized passivation layers 530.
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accordance W|th enbodi nents of the present lnventl on. Adj acent netal |ayers
are connected at sel ected openings by vias 526. Deposited ov £§met al | ayer

546 are planarized passivation layers 530. 18 2 6 AUG 2005 It e
understood that sinplified integrated circuit 500 is For illustrative
pur poses only. One of ordinary skill in the art could inplenent use of the

present invention i itshelldtheandérstobalirat siatplified dftegrated circuit 8¢ atfed circuits

such as Croprocessors, a I| .on s cific integrated circuj s (ASI Cs),
menor y dem%ggtwmposeﬁenm o ipagy ski ﬁwéﬂ}fraég%fogm)@ﬁ% dfic

appl i ed t g EMG,  MYEBin r@M@@n to ﬁbﬂeitﬁfn,of%EheBar@g]PQe@%Mb&%%uch/as EXENPLARY
DAMASCENE- PROCESS An exanpl e of a dual -damascene process integration schene

t hat usesmitroproSE&E®s) appéicattheppsdific oriegrited kizcptseASHEs)i meaoty devides, dndr i ng an

pegi na. wi 11f o PHBRGS e B RIS T e aghe 608T0Se R 0% FiBh subst rat e

600 as shewdlarorBiGM®GS advicd. barrier |ayer 604 is deposited over oxide
| ayer 602, e.g., by HDP-CVD using SiH4 and N2 or PECVD using SiH4 +
NH3/ N2. In sorre applications | ayer 604 acts as a hardmask or etch-stop

| ayer. ﬁﬁgég py%%%%ﬁ$lg§§g§bt ed, e.g., using the HDP-CVD net hod

descrlbed ove may be deposited in the sanme chanber

as barrier I ayer 684 ekmplmhﬁﬁ@aam@ms&elﬁﬂb@gf ﬁh’tdg@z{hon:%chﬂﬁsthapaﬁe‘s erned
photoresist |a er 608 covers SOFO | ayer 606 during a firs
phot ol i t h&§r layer dgpasiEon At ﬁe@reserctﬂ)wenﬂseom fqrminecan H\ffBrlmer & 4epided set  of

gaps 610 lnnFA% ?&) q%ﬂz Gileayal a@ﬁagc%ﬁ‘(’jﬂt?oée‘as Qg ﬁjsmg@lll(tﬂe leggng%ﬁﬁqegg&f”‘gy' n

Fig. 6(c) first or esli IS s
ashi ng i nlager 60xaver zsmgoremhstramrmmas sHeapsin@lg) ciamd A barsier BB U4ayer 606 are

th d h | al ym . In th

case of  cupaled eveEeue T i 12 oRIOR ey Bys neS TaeBLNt 8P BusP s 610
d first ted t

?inl | ![ LZ gmg Ilggcgnv\% fe;{}]fclﬁz?&nsb (ek 6@99&@55 a hAYRhsIBd etbB sdgPRRE ted to

. I'n sone applications, a barrier
| ayer (noA fgbtoMAhO |1@edé(|?ﬂ35|dtep«zis1t©d,e’rgfwrgthsm G2 megdEl @ndlbgdps 610 prior

to dep05| i on_of 612 a ri ayer prevents interdiffusion
of copper28¥& F§ﬁ§§% g&Sq mgype ‘i % lﬁltg?‘l %@H”H’ rgsbarger a¥dni cal and
mechani caéomldnﬁénce@rode%begrdabanwﬁr%ﬁpmmequh@aﬁm 1dy3y 608 Echrd orns, e.g.,
a first set of netal lines 615 in an I1nterconnect structure. After

pl anar i za®PBA laxsr 606 dpeng & fysé ph@ethograpby emshoparin Feg. oty &k fipt eicha
forms a first set of gaps 610 in first SOFO layer 606 down to hardmask layer 604 as
shown in Fig. 6(c).

After the first etch, photoresist 608 is stripped, e.g., by ashing in an
oxidizing environment. Gaps 610 and first SOFO layer 606 are then covered with a
layer of metal, such as aluminum or copper. In the case of copper, a seed layer 612
(Fig. 6(c)) is deposited over gaps 610 and first SOFO layer 606. A first bulk copper
layer 614 is deposited to fill the gaps 610 as shown in Fig. 6(d). In some applications, a
barrier layer (not shown) is deposited over first SOFO layer 606 and gaps 610 prior to
deposition of seed layer 612. The barrier layer prevents interdiffusion of copper and
SOFO. Copper layer 614 is planarized, e.g., by chemical and mechanical polishing
(CMP). Planarization of copper layer 614 forms, e.g., a first set of metal lines 615 in an
interconnect structure.

After planarization, of copper layer 614, a second barrier layer 616, a
second SOFO layer 618, a third barrier layer 620 and third SOFO layer 622 are
deposited to form an IMD layer 621 as shown in Fig. 6(e). Second SOFO layer 618
and third SOFO layer 622 may be deposited by HDP-CVD as described above. Layers

19



second SOFO |l ayer 618, a third barrier |ayer 620 and third SOFO | ayer 622
are deposited to forman IMD |ayer 621 as shown in Fig. 6(e). %econd SOFO
| ayer 618 and third SOFO | ayer 622 may be deposited by HDP- CVDZ&sAUG 2005
descri bed above. Layers 19 2 6 AUG 2005 618, 620, and 622 may be deposited

in the sane chanber DP- CVD, wi t hout rermwl_ﬂg substrate 600 to
enhance pPd8.cd, arrdt@&rraw %defp@ﬁltqddpﬁ%ﬁlmq\ﬂbama%ﬁ g6 Py HER-CY)p e\Y ihqut

oxi dat i Ongéeﬁl%ea straf@8 t@ﬁ&é@ﬁ&)ﬁ@&g m%‘:a‘ﬁﬁ)rpfbr%m{l% et Sypstrate

600 may In a ty argo asma W thout oxygen prior to

deposi ti ngrevsmamiﬁhtlléﬁzef begper la@éraﬁzomnd@oonmmattoh@grtwmm seltsohtefa®Ons vi as

624 t hrough Ia ers 1g., d18 620 and 622.down to c&p Ia%qer 614 as shown
iBgyde o

in Fig 601y elsaeddna nsity 4rEen plapme REGPULRYESH PSS a second
set of ga@@coﬁa@fscqﬁpe? 6285 AdgtdnEitBosapRNshd &e{fo@ﬁlsmgem kiirbesh 1@fasvi as 624

define a set of interconnects between the second set of netal nes and
the first 64@&t618f 62&9@@%%@@@@tdeﬁpmd:hyby%dawhem il é(ﬁ)pb’rFlga@(& a614.

Vias 624 an ) 6 yer and
Uha’r oog RitR AREE R RIS L B & iooBe sttt ol S Stbs b SREREP fcobd Yo" oS!

Gaps 626 dafdfietd lisnecaidviaseid finBRisal oflihteRonhetSs Buddledn ths séddd dafdfne a set
of interconnects 625 between the second set of netal |lines 628 and the

first set nmalﬁfewaandnhﬁésst satof motaliigesdrdingd Gy @a3red! Gand coBRRy la¥er §édi ces t hat
use Coppefvlds%t gggscéz% arQﬂ&g‘f@lng»gﬁfaesekén&wlﬁ%Blﬁede}l 198 é}fdct‘ﬁm&mtl% way to
t rfuc y sses P

etch copper. forme anascene proc do not requfre a
gap-fill stnﬁitmetlsrarmealldiagdaplanalzle& apstowe Higveh) GEpsdrbalgfing hagroad mi | ar

structures f rrre using nmetal |ines alum num tungsten, titanium ot her
met al s. Fﬁg#lees w%gwérweé&ésqe? NBA S?té{%é@erﬁaynqse Q3baEn THRIRRREne
processes I 14l h k f barrier layers 606, 616
and 620 ?:egr? Er{gtag?’lﬁ?%%riz ar?:d?r?gltst af/)e?ns%&?imwllso further be understood by

t hose of skill in tPemasoehe peaetsesdre 8&#d0n|dayeesthaOtke 6B 1ramztoﬁr2€2tmay
| aced with SiH4- FSG | ayers that incI %S|F4 only

alternatiyel b% r aﬁ/

ot or et Heabsafe it pa ey Toaleaptabiman i Lo Sobet 1 Srse: Brpedhy i so b

al ter nat i yghyscelRsirbalted cfocho@l?é?{gﬁé h g@ﬁ‘fﬁllq{lel@&h@ afd ga?euuygfmwhay&/&e% 606, 616
and 620 as silicon-carbon lowk barrier |ayers such as BLOKTM (Barrier Low

K). BLOKTRCidslays tthaacﬁernﬂarl@tr@f:tunqufmrw uskigemetal lenes ahmingh, Sagsten,d ar a,
Cal i forni SULT ntal, resu ave denonstrated
that it i f:ta%lss? 38h?3@§Em856 ﬁg?éﬁg?% IOBé?tﬁ%lelﬁy E‘é&se{a M"ns and barri er
| ayers sugdmagersd ﬂrb@eggbs Ririck g filSs AEt dnttkshe. MRl PGarrled 123661 06061 6 gndt hi s
unexpected result, the dielectric constant of SOFOfilns is

620 can be silicon nitride layers. As will further be understood by those of skill in the

art, each of SOFO layers 606, 618, and 622 may alternatively be replaced with SiHa-

FSG layers that include a SiF4-only interfacial FSG portion as described above.

Furthermore, it may also be alternatively desirable to deposit one or more of barrier

layers 606, 616 and 620 as silicon-carbon low-k barrier layers such as BLOK™

(Barrier Low K). BLOK™ is a trademark of Applied Materials, Inc. of Santa Clara,

California.

VI. EXPERIMENTAL RESULTS

Experimental results have demonstrated that it is possible to achieve
good adhesion between FSG films and barrier layers such as silicon nitride using this
method. In addition to this unexpected result, the dielectric constant of SOFO films is
found to be reduced when compared with FSG films, making them preferable over

SiH4-FSG films in some applications. Various experimental results are tabulated in
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found to be reduced when conpared with FSG fil ns, nmaking them preferable
over SIiH4-FSG filnms in sone applications. Various experinental results are
tabulated in 20 .2 6 AUG 2005 Tables | through IV. Each table shEWAUG 2008
adhesion results for silicon wafers having capping layers including SixNy

and FSG d sited un ifferent conditions. ter. the .capping | ayer was
deposi ted A0S AP Sndrish it S Eadneribrats o SheornifefE IS | ang
tested fog,BARERLER indMIESSION, WRFFS$@deFosRBd nds Alifferdiit chndiflodd) Mhdriné ower
nunbers representing better adhesi on and hi gher nunbers representing

poor er adheppinglaYe¢revasgicppstedathe avaikis waesshegreddo tempesashres e5up to 1M Sugh vi sual
exam nati on, pf. the fers. hose resul t.s _assi,gn a.scale val ue ,of "1"
Shomed suftd Beh 25 SRLEOD ARRSRS LD ISRABRPD 181 3 SR oY B Ml

cor r espongeprésentidpStiedfat hdtebiyn ahé hightsd Mienbepd tepFesORingPodts Wph&tbn bihebubbl es.
At a scale value of "5," approximately 50% of the vol une was occupied by
bubbl es. FéR®YHRRIVAS Bssigaed o sagh reylt Shaushivisyal exarpianbeEolibE WREs r act i ons

occupi ed Ff)ﬂose%g}?tls%%d%r}éﬁ%f‘s{cijﬁwwe%g " F%(ﬁoue%i @@hs‘ﬁ'ﬁﬁgﬂ E? gubﬁgéﬂ'g«hﬂ@ a5 F4-based

process, i.e., wtho or at leas € interface portion of the
FSG deposkdalovalupas'dotiwohi doestpdndno antisesitialhy the ebiiveNwlahé¢ beinpecaupiddeat ed t o

t enperature f up,to 500 C. These results e. i ndependent of .t
t hi cknessPgPuthies s%&%\gﬁaﬁeaga&e OEP 57 GRRTOX| Pty % ?ﬁthﬁﬁ%lgglea*rasmwe&gy

Fur t her nopgyb1dNaaRrMERME kSaNBLIBed SRHGRE NHERTedte VAIEMBEactibtR oo dld WRS
deposited by HDP or PECVD. In Tables I - 1V, the followng notation is

used: a " &msm\&akgdi'avhgfmﬁlms)ddploEiRdCMDlgthSiEi-basad podceRSGe usiithgutSi F4

wi t hout SLH4. ."SRO' refers.to an un ilicon-ric xide. "UFO 6%

et ors t oS liudn e oI eaodel de g MGG PBapHulF o™ Low o wat er”
(see Tabl gdHebibh t& ST, aftérbethgl RIQS kénhipeYdthiés WREiSTo 56D C1 Fhebdfesdd)S TABLE I :
ADHESI ON RESULTS FOR DAMASCENE SO O AND Si H4- FSG PROCESSES Gas Fl ows

sccnPower Borednesnsndana pSihgthiclnpenp sl the Sid¥ Taisspidlesit aptaa drickness of 5000
290+382002444200480005CE C1L 290 3540024042004 8A0RORRE AA75AA4R04200
HDP or PECVD.
In Tables I - IV, the following notation is used: a “SOFO process” refers
to HDP CVD deposition of FSG using SiF4 without SiHs. “SRO” refers to an undoped
silicon-rich oxide. “UFO 6% refers to unbiased fluorinated oxide containing 6%

fluorine. “Low p wafer” (see Table IIT) refers to a low-resistivity wafer.
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290+38200240420048000800- A SRO + 21 SOFO 290+3820024042004800300SCFO

W bi asl 290+3820024042004800300SOFO w bi as21 290+38200240420048g%g@ﬁ8¢§
SRO + _ 1 SOFO w bi asl 290+38 200240 42004800300800- A SRO + 21
110+161563844+9. 518004800400UFO 6% W bi as15 110+161563844+9. 518004800400UFO
6% W bi as25 110+161563844+9 518004800400800- A SRO + 12 UFQO 6% w hi_as
110+161563844+9. 5180048Hdu % g‘zﬂa« @E@%%Mé%ggl\’% 8818/ ANB
110+161564340+9. 5180048000UFO @ﬁ/q;gG%éﬁg%gmmg 5180048000800- A SRO +
14 UFO 6. 5% 110+161564340+9. 518004800500UF0 6. 5% W bi as18

110+161564340+9. 518004800500800- A SRO + 16 UFO 6. 5% w/ bi as

A24AN0L0O :1anAanm||:r\ A B0MO7 1101161 E6 424010 £10
%éoﬂil:glg.ﬁé%*lﬂ slowR (ssom) o §1§3604§ﬁ¥!§bv‘,.EWEUEB}%"&“ALWW Chp | S&e O "
110+161564340+9 | 5980 EQn=8itk0 (- ide »Bias layer

200+38 200 [24 [0 4200 | 4800 | 0 SOFO 1 1

200438 | 200 |24 |0 4200 | 4800 | 0 SOFO 2 1

290+38 200 [24 |0 4200 | 4800 | 0 800-A SRO + 1 1

SOFO
200+38 | 200 |24 |0 4200 | 4800 | 0 800-A SRO + 2 1
SOFO

290+38 [200 [24 |0 4200 | 4800 | 300 | SOFO wibias 1 1

290+38 [200 [24 |0 4200 | 4800 | 300 | SOFO wibias 2 1

200+38 | 200 |24 |0 4200 | 4800 | 300 | 800-A SRO + 1 1

SOFO w/bias
200+38 | 200 24 |0 4200 | 4800 | 300 | 800-A SRO + 2 1
SOFO wi/bias
110+16 | 156 |38 |44+9.5 | 1800 | 4800 | 400 | UFO 6% w/bias | 1 5
110+16 | 156 |38 |44+9.5] 1800 | 4800 | 400 | UFO 6% w/bias | 2 5
110+16 | 156 |38 | 44+9.5 | 1800 | 4800 | 400 | 800-A SRO + 1 2
UFO 6% w/bias

110+16 | 156 |38 |44+9.5| 1800 | 4800 | 400 | 800-A SRO + 2 3
UFO 6% wi/bias

110+16 | 156 [43 | 40+9.5 | 1800 | 4800 |0 UFO 6.5% 1 4

110+16 | 156 |43 | 40+9.5 | 1800 | 4800 | 0 800-A SRO + 1 4
UFO 6.5%

110+16 | 156 |43 | 40+9.5 | 1800 | 4800 | 500 | UFO 6.5% w/bias | 1 8

110+16 | 156 |43 | 40+9.5 | 1800 | 4800 | 500 | 800-A SRO + 1 6
UFO 6.5% w/bias

110+16 | 156 [43 | 40+9.5 | 1800 | 4800 |0 UFO 6.5% 2 7

110+16 | 156 |43 | 40+9.5 | 1800 | 4800 | 0 800-A SRO + 2 5
UFO 6.5%

110+16 | 156 |43 [ 40+9.5 | 1800 | 4800 | 500 | UFO 6.5% w/bias | 2 8

110+16 | 156 |43 | 40+9.5] 1800 | 4800 | 500 | 800-A SRO + 2 8
UFO 6.5%

“l”

In Table I, two types of capping layers were used. Cap layer
included a 10,000-A FSG layer deposited by HDP-CVD followed by a 500-A HDP-
CVD SixN, barrier layer covered by a 7500-A HDP FSG layer. Cap layer “2” included
a 10,000-A HDP FSG layer covered by a 5000-A HDP SixNy layer. Note also that two
numbers appear for the Ar and SiHy4 gas flow rates. The first number represents the
flow rate of gas through the inlets in the side of the chamber. The second number
represents the flow rate of gas through inlets in the top of the chamber. As seen from

the table, the best adhesion performance was obtained for FSG deposition using SiF4
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UFO 6.5%1In Table I, tw types of capping | ayers were used. Cap |ayer "I"

i ncl uded a 10, 000- A FSG | ayer deposited by HDP-CVD fol | owed by ? 5&)& MDP
CVD Si xNy barrier |ayer covered by a 7500-A HDP FSG | ayer. gy

i ncluded a 10,000-A HDP FSG | ayer covered by a 5000- A HDP S| xNy | ayer.

Note also that two nunbers appear for the Ar and SiH4 gas flow rates. The
first numvéﬂlone‘ﬁiHe,S\elmtBertdneotzibi@wsraapéedafngia\sortShpQIﬂJgfmanWiwlmiBed n the

side of the.c The se ond unb represents the fl ate of gas

Chr ough | AEEE PROL e appe i Dt pu ARG SR pladfint b3t P« P’ pest
adhesi on pgjid MaMEaghesrp i9dméviad béwedr ifBeNdenAs tddiemn 1§Jﬁ:kiﬁ‘@3d$b5%.22 2 6 AUG
2005 wi thout SiH4, whether or not a bias |s applied. The worst perfornmance

was obtained wth the UFO 6.5% recipe (i.e., unbi ased fluorinated oxide

;:(r)]nt ?: ning 6.5% fluorine); %}5 é{%ﬁ somswhatU better if
e fluori
(10, 000- A ﬂ%@@s&%ﬂﬁp j(:éﬁ 1&%@ e %&rgﬁ;/ b%&?@ E%LEJRES Gas
Fl ows scenPower WConditionsScal e ArOzSi FAS H4TopS| deBi as
éol/603+i?35 3384f§s ::WQ edH UFO %.i. I’ig‘gé- ?bd&j\;l;Q Sg%ggﬂﬁ)QQOBUU- Seatd T+ UFO
+] 3814 06 Y i as
110+1615 St’e’ggg% ’C.’“C 808600560 ‘1‘1}'50“3‘18; j%yu” L—w4-00—Wbtas
200+3820 )EZ%&@[ Xﬁségngvﬁf}i-ia}@+ L2800 Q1 | OFQ 880 W bias. 1
290+3820024&H194D b1 é@oa‘o@ﬁ?ﬁs 00 54%30 | & Hap800-ASRO+UFO6% |6
110+1615638%469| 53803880040 I Ol &M ( AROAL N6@K, | BHO §% W/40GW piapaf ¢i© 800+ A
SRO + UFOI1 6946161 (103616 BB638444-5% 518048406 0| 80AKSRO aolUFQ dow- p 53
w/400-W bias
290+38 | 200 | 24 8+3 4200 | 4800 | O 800-A SRO + small SiH, | 2
w/300-W bias
290+38 | 200 | 24 8+3 4200 | 4800 | O 800-A SRO + small SiH,4
110+16 | 156 |38 | 44+9.5 | 1800 | 4800 | 400 | UFO 6% (no chuck, cool); | 4
low-p wafer
110+16 | 156 | 38 | 44+9.5| 1800 | 4800 | 400 | 800-A SRO + UFO 6% 3
(no chuck, cool); low-p
wafer

[\®]

Table II shows tabulated adhesion results for a capping layer having a
10,000-A HDP FSG layer followed by a 500-A PECVD SiN, barrier layer and a 7500-
A HDP FSG layer. The barrier layer was deposited ex situ, i.e., the wafer was removed
from the chamber and exposed to ambient atmosphere following the deposition of the
10,000-A HDP FSG layer. In these experiments, the SiF4-weighted processes that used
only a small amount of silane generally obtained better results than SiHs-based FSG

deposition processes.
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waf er Table Il shows tabul ated adhesion results for a capping |ayer having
a 10,000-A HDP FSG | ayer followed by a 500-A PECVD Si xNy barrier |ayer and
a 7500- A HDP FSG | ayer. The barrier |ayer was deposited ex si t & B iAUB. 2005 he
waf er was renoved fromthe chanber and exposed to ambi ent atnosphere

foll owi ng the deposition of the 10,000-A HDP FSG | ayer. In these '
experiments, the SiF4-welgldullpr ADEESHON RESULIEFOBnly a snmal | anmount of
silane general |y ¢bi,e00nAdDRFSE) /(EFAPEGVIRISI,SI,) STRUCAIRESFSG deposi tion
processes. 23 2 6 AUG 2005 Ar TABLE I11: ADHESI ON RESULTS FOR (10, 000-A
HDP FSG L (500- A PECVD SixNY) STRUCTURES Gas Flows (seem Power (W 02 38
44+9.5 1800 4%k Kows(scomp 1156 38Pawen(W) 1800 4800Conditioms16 11565¢ak0+16
1156 38 44+8r5 1809 4880 Ribla110%p6| Bides| Iasq4+9. 5 1800 4800 600 |24 8+3
4200 4800100+1390+58 | BROO| 44493R0180s magdo SoHA 1 UFRRE438 200 24 8+3 34200] 4800
0 800 110118+1%06 138 [4%+9 m+BBD0 148004460 | BFO 68bd-Aosreduckroap! ) ;| 33 Tow
waf er 11071 bIP§s6T| 384 Si4# 5| 8005] 800 | 600 | UFO 6% w/400-W bias | 3
110+16 | 156 | 38 44+9.5 | 1800 | 4800 | 600 | 800-A SRO + UFO 6% 3
w/400-W bias 7
290+38 | 200 | 24 8+3 4200 | 4800 | O 800-A SRO + small Sill, |2
w/300-W bias
290+38 | 200 | 24 8+3 4200 | 4800 | O 800-A SRO + small SiH,4 1
110+16 | 156 | 38 44+9.5 | 1800 | 4800 | 400 | UFO 6% (no chuck, cool); | 3
low-p wafer
110+16 | 156 | 38 44+9.5 | 1800 | 4800 | 400 | 800-A SRO + UFO 6% 3
(no chuck, cool); low-p
wafer

Table III shows tabulated adhesion results for a capping layer having a
10,000-A HDP FSG layer followed by a 5000-A PECVD Si,Ny barrier layer. Once
again, the barrier layer was deposited ex situ. In these experiments, the SiF4-weighted
processes that used only a small amount of silane again generally obtained better results
than SiH, based FSG deposition processes. Furthermore, the adhesion performance
was generally worse with the 5000-A PECVD-deposited Si,Ny layer than with the
capping layer used in Table II.

TABLE IV: ANNEALING DATA FOR TOPMOST SOFO LAYERS

Deposition Condition Cap Scale
layer

800-A SRO + UFO 6% at 8-kA + SOFO at 2-kA
800-A SRO + UFO 6% at 8-kA + SOFO at 2-kA
800-A SRO + UFO 6% at 7-kA + SOFO at 3-kA
800-A SRO + UFO 6% at 7-kA + SOFO at 3-kA
800-A SRO + UFO 6% at 6-kA + SOFO at 4-kA
800-A SRO + UFO 6% at 6-kA + SOFO at 4-kA
UFO 6% at 10-kA

UFO 6% at 10-kA

800-A SRO + UFO 6% at 10-kA

800-A SRO + UFO 6% at 10-kA

800-A SRO + UFO 6% at 8.5-kA + SOFO at 1.5-kA
800-A SRO + UFO 6% at 8.5-kA + SOFO at 1.5-kA

N[ = N—= =N = N =N =
— = N A [ OV | et | i [ = | |t |
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Condi tions Scal e UFO 6%3 800-A SRO + UFO 60/, 3 UFO 6% w 400- W bi as3 800- A

SRO + UFO 6/, 3 w 400-Wbias 800-A SRO + small SiH4 2 w 300-W bi as 800- A
SRO + UFO 6% 38 44+9.518004800400(no chuck, cool); lowp 3 waf ?r §gglzg\u5l I
shows tabul ated adhesion results for a capping | ayer having a c? - A HDP
FSG | ayer followed by a 5000-A PECVD Si xNY barrier |layer. Once again, the

barrier layer was deposited ex situ. In these experinents, the

Si F4-wei ghted proc Bt - Lhal ain
general |y obtai ned Gb%?@grvt resu ?@Hat?ﬁgér:su% W%@é%ﬁg%dgé%%ﬁ?%%%

pr ocesses SifHrdsbeproes, i.d heitlaolin 8.0 forpiss fopmusnmetiomaa HE0H@I-Al |y worse with
t he 5000- A PECVD-deposited S.xNY |layer than with the c i ayer used in
Table |1. fom v IEARKEISEH RETBAPASOROHOP RIS @ﬁdm@&g“@%s?‘?ﬁ on

Condi ti onap,R¢aherdufYifhs SO Rp¥ied vitdo @s%%&n @F%ﬁro’teé%parﬁl ot 800- A
SRO + UFO 6% at 8-kA + SOFO at " 2-kA21 800- A"SRO + UFO 6% at 7AKA + SOFO at
3- kA1l 8006herdegRgitian. FhD,BHpahavingvordiSerea tickdesstOveR0pAsiSROY-HRIFO 6% at

6-KA + SORB! s %2 S A TR "o 238008 K thidk STaRr@biert dinédted
for three hours at 400°C in a nitrogen ambient. In each case, the bias applied was 350
W. It is noteworthy that the best adhesion results were obtained for the FSG deposited
using an SiF4-based process for the topmost part of the deposition. It is also of note
that the adhesion results do not depend on the thickness of the topmost portion of the
FSG film.

In general, the best results were obtained for HDP-FSG films deposited
using SiF4 without SiHj for the entire deposition. The second best results were
obtained using HDP-FSG films deposited using SiF,4 without SiHy for the interface
portion of the deposition. The third best results were obtained using SiF4 with only a
small amount of SiH, for the entire deposition. It is thus hypothesized that the
hydrogen provided by silane acts as an impurity in the FSG film, causing a degradation
in stability. This hypothesis is supported by further experimental results establishing a
correlation between the hydrogen content of the film and its stability. Measurements of
the film thickness, non-uniformity, and refractive index were carried out on a Tencor
UV 1250 SE for damascene FSG films prepared using the HDP-CVD process at wafer
temperatures in the range of 380 — 450 °C and at pressures lower than 10 mtorr. The
fluorine concentration was measured using Fourier-transform infrared (“FTIR™)
transmission spectroscopy, which measures fluorine bonded to silicon rather than all of
the fluorine in the film. To determine the fluorine concentration, the height of the Si-O
stretching peak at 1090 cm™ was divided by the height of the Si-F peak at 937 cm™.
This ratio, termed the peak-height ratio (“PHR”), was used to quantify the fluorine
concentration. The dielectric constant was measured using a mercury probe. Thermal
oxide film with a dielectric constant of 3.9 was used as the reference. Stress
measurements were carried out using a Tencor FLX 5200 unit. Integration tests with a
silicon nitride liner were carried out by annealing Si/FSG/Si N, multistructured stacks

in a tube furnace at different temperatures and times using a nitrogen ambient.
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UFO 6% at 10- kA16 LI FO 6% at 10- kA23 800-A SRO + LIFO 6% at 10- kAl15 800- A
SRO + UFO 6% at 10- kA22 800-A SRO + UFO 6% at 8.5-kA + SOFO at 1.5-kA 1 .
800-A SRO + UFO 6% at 8.5-kA + SOFO at 1.5-kA 2 To 24 2 6 AUG 200% At&HHGS | v
shows tabul ated results for capping | ayers deposited using an SiF4-based
process, i.e., without Sifl4, for the topnost portion aof 10, 000- A -
deposi tion. The thi EkgYEe4 sbaws pclqappeastion pralySiviats Hidiating Faf@mufﬂs%fe I\ to 4000
A. For ¢ i . g4l i i I i 0 Sk E4 process
for any porBatisebifon s bjid, B e gRn RS HEE L e e AP ey

t hi ckness éswvwaergy tedrogen od iimpladiiPwhevbias Gagpplied, remdtifddtydrdgenck. Cap " 2"

was 2000-A thick, Wafers Yver aHn aled for t.hreeg\g LiJ’S %t 400C in a
i trogen dgriaEgtiontodhe filrk o dhC hyigae seacapipHipRd FAG Tee Diaggd 1174 o
not ewort hSW/*cH@,twlﬁiBE SRR bo@r@'f%ﬂit?ﬂs 'éﬁﬁr'ékﬁr&té’l?ﬁ% ﬁb/%,%dﬂ?sdoxflﬁo. lta][ﬂ?% ﬁlSG

deposited wusing an Si F4-based Erocess for the topnost part of t
deposi t i ounbipsed;fymg) whichshew much bptger adhesierawigh SadNyr ¥éhdntan inigrmestiatdepend on

t he thickness .9fc ({he t.opmost ion.of the ESG.film.,]l eneral, the best
resul ts wars CSBCAVRGH if SrPErb Rt v e TR o g MBS hout s 114
for the egbadeatratepdsithd Ol arb®oSaeanedihiest results were obtai ned using

HDP- FSG fil nms deposited using SiF4 without SiHA for the interface portion

of the deposition. THesration sudiese! F¥s films witk sdicopniiide WeigiapicdIUERY wi t h
only a suggll f + Gi Lre. it i s

ypot hes: RIS HSC 0 Db AYSENELOCR) i SR SRR and forlcliddMEm,
t he FSG f al 400 Cafos B0gniAutdeperagialie] fon a total sft1akykies.y FigTB(a3 shywmodibgelsithe i S

supported by further experinental. results establishing a _correlation
bet ween tﬁ’@?‘l‘ﬁ}%ﬁ@ﬁ’g[{n&gﬁf éﬁﬁPlt%ﬁt"fLﬁée¢F$%ﬁélﬁd8@Q'_§V Biaghi Thit {plluigasur ement s of
the film bhkGkaESShe H%d%bgégirﬂr%e'ﬁ} f¥the B0 \K/P%Hi Fé‘shlté’ ﬁoinﬁﬂ%?ci‘éﬁ&?oﬁﬁm,' ed out

on a Tencor UV 1250 damascene FSG ne prepar usi ng the HDP- CVD
process athewdbfyereating appariahydregen andt dtberrhydgmentpR8B that4bOsubsayuedntdt pressur es

Lover e L0 Mot e LI 1o, Soncenty oL on g, ApULES Vogn,
Fim To e or e ] o Ry ErobiARe Bl ol s b iGNy " e
st r et chi ntp foemitiaat té0pawmes-greatershati 30068 $ipce HE iheéryleprrosive, hecaBi - F peak at
937 cmr. weaken the bonds at S/FSG or FSG/Si,Ny interfaces, thereby causing delamination and
other adhesion issues. While FSG films deposited without bias have lower fluorine
concentrations, only a slight improvement in adhesion with silicon nitride was obtained
with unbiased processes; significantly better results are obtained by eliminating silane
during the deposition process.

Fig. 8(b) shows for comparison integration results with silicon nitride
for SOFO film with a bias of 300 W. As seen from the figure, no bubbling or
delamination was observed even after 12 annealing cycles. The fluorine concentration
for these films was approximately 10 at.%. While the SOFO film should theoretically
contain no hydrogen, the secondary-ion mass-spectroscopy (“SIMS”) profile displayed
in Fig. 9 indicates that it has a hydrogen content of about 0.02 at.%. This small amount
of hydrogen, which is notably much less than that observed for silane-based damascene
FSG (around 0.1 — 0.8 at.%), may be due to hydrogen coming from the dissociation of
the season layer, which was sputtered from the chamber dome and side walls. To test
the stability of fluorine bonded with silicon in the SiO, network, a Si/PE TEOS USG
(8000 A)/FSG (6000 A)/PE TEOS USG (8000 A) type sandwich structure was

fabricated and subjected to furnace annealing at 400°C for 30 minutes per cycle for a
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This ratio, termed the peak-height ratio ("PHR"), was used to quantify the

fluorine concentration. The dielectric constant was neasured u

mercury probe. Thernmal oxide filmwith a dielectric constant o SW\%QQQ

used as the reference. Stress rreasurerrents were carried out usi ng a Tencor
I nte atlo tests i con iner Le carried

gt? gsognﬁ(gﬁl 5 Qi st §l o ﬁﬁ‘P{enéPPﬁb(f; rﬁnt&ﬁoeg g@ﬁgﬁlm ol T ubéwgur nace at

di ff erent SieISpRERSIYMRS sabvdqlidnilpDetfBim@ éh thielstrogefes adTbétermiine &le cAteit UG 2005
Figure 7 shows nucl ear-reaction analysis data indicating the incl case in
H concent Fatiffesiomi t h bias. It can be readil y seen that the HDP-CVD reactor

acts as a | ow energy sQé’rf’fr&%qﬂ?% 1‘%)ntHer§%19€5‘hfrh g‘é@?il&}ﬁ]ﬁicﬁg ﬁw%?@'diﬁ?sdon
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ext ensi ve siguihht@cilialbof fiRahirked esbubindssafatmdemhily fesm%moxwub ngb)as. Thi s
failure is attributed to the hydrogen present in the film ich results
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They can %sfsf1U1$jEeﬁlaﬁufél'|syhdahrd§y@.ﬁb tbhﬁigff'ivhﬂé'r alectricglawhdidtivity findtewses)e  to form
HF at tenperatures greater than 300 C._Since HF is very corrosive, it can

weaken th eﬁ‘@ﬁd@crﬁm@ thesafertemperatyronT e deatrlpad Gam the biag 53n keased i)
del am nat E(ﬁ'ﬂe\egf&]@ f(?llthﬁrhegtqggss LR 1ﬂc§(?a§ﬁ%spr8&'s% ﬁ)bﬁ§ Js' lT'm;s rﬂ%pﬁ)s' ted w thout

bi as have l'uorine  concentr only a st I ght ovenent in
adhesi on wighifficsitlin s@ne ainbodidenwamce biicfluvethe cohddntratibn dgreddporocetkses;
significantly better results are obtained by elimnating silane during the
deposi ti of"BEHEEEs. Fig. 8(b) shows for conparison integration results with

silicon nitride fom%ﬁ%mhm%& BucReddhiy 1Hﬂ(e§1?a9é21 Wth 8m3RERe poedst he

figure, no bubbling or delamnation was observed even after 12 annealing
cycl es. THewf thedilimmeust enthetand etich and ashong proesssesf arhdnslsmlaescmppmrbia webely 10

Stecondar y- ?85?%%5;?%%%&0@38%%9?& %ﬁ%&ﬁé iﬁg’%lﬁ)lf"%‘lﬁhg 31 %rﬁg%ses G the
Ta and TaN barriers were also carried out. The SOFO film was etched and
subsequently ashed using three different chemistries: O,, NH3/O,, and NHj.
Subsequently, Ta or TaN was deposited on the films, which were then annealed in
order to simulate the thermal budget for these structures during subsequent processing,
and their stability was determined using confocal microscopic techniques. Fig. 11
shows schematically the entire process flow and the adhesion results. No bubbling or
delamination was observed on the Ta or TaN surface after annealing. In general,
adhesion of SOFO was better to TaN than to Ta.

Measurements of the dielectric constant for SiHs-FSG and SOFOQ are
compared in Fig. 12. When SiH, is removed from the precursor gas mixture, it is
evident that even for the same fluorine concentration, the dielectric constant is reduced
in SOFO as compared with SiH, FSG. For example, for the 10 at.% F deposited with
SiHa, SiF4, O, and Ar precursors, the value of k is 3.65. Once SiHjy is removed from

the precursor mixture, the value of k is instead measured to be 3.45. Generally, there is
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in Fig. 9 indicates that it has a hydrogen content of about 0.02 at.% This
smal | amount of hydrogen, which is notably nuch | ess than that,qbserved
for silane-based damascene FSG (around 0.1 - 0.8 at.%, may bezgugﬂ%émﬁ
hydrogen comi ng fromthe dissociation of the season |ayer, which was
sputtered fromthe chanber dome and side walls. To test the stability of
fluorine BopdpsHOMPY R 29D theightive diggstre qpstaat Worde it i kgpppithatpmeuii®es (8000
A)/ FSG (6 LR ( Y, | - }

fabri cat e?fpglﬁ@}lglﬁ Elja g%%él H‘??yftg?r%g%de& gﬁﬁnﬁgfﬁﬁggéﬁ&%&g&é ?lgﬁédgeglnvﬁ?ﬁﬁt es per
cycl e for F&G26lafvEtoAFQQOEeatliby atkritaftabde to thy ptesance of Aydropgernggnuriaiebinent .
Different types of FSG filns were used and SIM anal ysis was subsequently
performadt X structures to determ ne the extent of F diffusion. As
seen fromFig. 10, Haging@ns déstAbdipdverhOdhbddiRBhts bf tHR-WREseht i ddiiai on  than
an FSG fil m deposited using the sil ane-based PECVD technique. In this case,
the f | uomiang othene@nvalentiopplt¢rnatSER@thads df@lepositiognhe lew diekectiid @meta®ECVD FSG

concentratign.was 7 at.% spite.the.hi r F concentrati SOFO fil ns
chowed | miHe R asboflnelfo B PRetg it SHPEs fraletp S ulhy i

Conpar abl grtf Thése aRe@REVdsi B8 WGk EleMRtand IRRAdY tobednclutéd Witkih thé aspéef the
SOFO process, which is significant because of the enhanced robustness that
normal |y fheduesest ifygtionsi ng bias. In  an HDP- CVD chanber, the heat |oad on
the wafer conmes fromtwo different sources: radiation heating fromthe

pl asma and heat | oad when bias is applied. For low resistivity epi wafers,
heat | oss due to high wafer electrical conductivity increases, thereby
decreasing the wafer tenperature. The heat |oad fromthe bias can be used
to conpensate for this heat |oss, thus increasing process robustness. This
may be significant in sonme enbodi nents since the fluorine concentration
depends on wafer tenperature. For an FSG filmto be successfully
integrated with danascene process flow, the filmmust wthstand etch and
ashi ng processes, and also be conpatible with a Ta or TaN netal barrier.
Integration of SOFO films with etch, ash processes and with Ta and TaN
barriers were also carried out. The SOFO fil mwas etched and subsequently
ashed using three different chem stries: 02, NH3/02, and NH3 .
Subsequently, Ta or TaN was deposited on the filns, which were then
annealed in order to sinulate the thermal budget for these structures

duri ng subsequent processing, and their stability was determ ned using
confocal mcroscopic techniques. Fig. 11 shows schematically the entire
process flow and the adhesion results. No bubbling or
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del am nati on was observed on the Ta or TaN surface after annealing. In
genera], adhesion of SOFO was better to TaN than to Ta. Measurenents of
the dielectric constant for SiH4-FSG and SOFO are conpared in giBQAU@%BOS
When SiH4 is renoved fromthe precursor gas mxture, it is evident that
even for the sane fluorine concentration, the dielectric constant is
reduced in SOFO as conpared wwth SiH4 FSG For exanple, for the 10 at. % F
deposited with SiH4, SiF4, 02, and Ar precursors, the value of k is 3.65.
Once Si WHAT IS coOBNKED fI3:om the precursor mxture, the value of k is instead
measured to be 3.45. Cenerally, there is 27 2 6 AUG 2005 a reduction by 0.2
inthe relative dielectric constant. Since it is known that inpurities in
materi al s have a tlendeAcyethad fondepasitingtahibindilaloact substrateris bamdcess bleambresy ease
in SiH4 FSG relative to SOFOis readily attributable to the presence of
hydroge#“?ﬁ%ﬁ??f?%énﬁhg' the oxide. Having fully described several

enbodi nents of théa)pr eprewitingnaegaseons mirtarey tottherchambew athe ngasepusanigtureat | ve
nmet hods i td BQqt he | i i 0x(.d ing to
the pr oanpaRe Rl dhiAd o' G i EEE bBRRANE R, i frd AYELmaCaRRATE
al t er naokyg®®; and equi val ents are intended to be included within the scope
of the present ipyent] : v e MERE (hi AIMED |'S: 1. A nethod
for depositing a pﬁi n ?%ﬁ?@ﬁ aaipl%ubs_t rﬁ?%s?an_ a prj?g_té]g%s chanber, the nethod
conprising: (a) pfdvi diergsiingadulbsipertionef a feoringted siicatn alase (FSG)Hayey arte ties

m Xt ur e susR hsid e blaga; of silane, a gas that contains both fluorine and
silicon, and a gas that contains _oxygen; (b) generating a plasma fromthe
gaseous m xture: (B) dEpBEptingGesiang fovpdrindhieresition of adeRmest #arien of & e

gl ass (FS@layetysid onto the substrate using the plasma; (d) term nating the
silane flow during depositjon of a topnps ortion of the | ayer; and
(e) depositing a &Arri@%WP'HQ%?%BW%f?égft%‘pthﬁgqpmaﬂeqrw Ftthe ﬁgé%@r.' ayer .

plasma. 2. silicon nitride. 3.

2. The method according to claim 1 wherein the plasma is a high-density
plasma.

3. The method according to claim 1 wherein the barrier layer comprises
silicon nitride.

4. The method according to claim 1 wherein the gas that contains both

fluorine and silicon is silicon tetrafluoride (SiF,).

5. The method according to claim 1 wherein the gaseous mixture further

comprises a flow of an inert gas.

6. The method according to claim 5 wherein the inert gas is argon.

7. A method for depositing a thin film on a substrate in a process chamber,
the method comprising:

(a) providing a gaseous mixture to the chamber, the gaseous mixture
comprising flows of a gas that contains both fluorine and silicon and a gas that contains oxygen,
but not containing a silane;

(b) generating a plasma from the gaseous mixture;
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4. The method according to claim1 wherein the plasma is a high-density
The nmet hod according to claim1 wherein the barrier |ayer conprises The
met hod according to claim 1l wherein the gas that contains bothszl %g(;i%mg and
siliconis silicon tetrafluoride (SiF4). 5. The nethod according to claim1l
wherein the gaseous m xture further conprises a flow of an inert gas. 6.
The met hod according to claim5 wherein the inert gas is argon. 7. A nethod
for depositing a thin filmon a substrate in a process chanber, the nethod
conprising: (a) preVvi ddegpsitingasfetUsortiondfy fRudkifated gilichantaes (F3G)daga DaUS

m xture, conprising flows of as, that cqontains both fluorine and silicon
Bnd & gbenehveththas et snasfled S the Shet g e Merislas pidne. (b) -
generating a pl asi@) fr onotilingyasleaus sitand tor the gaSeduistmituee RDBEpOSit Ja second

deposi ting. I ijon of a fluorinated silicate glass (FSG |ayer onto
a barripgg'o é’&/@?ﬁ%@pﬁas been deposited on the substrate using the plasng;

and (d) introducing a flow of silane to the gaseous m xture to deposit a

second portion ofy the IE . The t C i t | ai m.
wherein the barri & I a}-ggﬁc%rrprc{lcscg%ma? Qs?'%‘ﬁcg%ﬁ?eﬁf %?E{?ge;el%e?g.g}n%geesn%t hod
accor di isficeronitridgilayer. wherein the plasma is a high-density plasma. 10. The
nmet hod according to claim7 wherein the gas that contains both fluorine

and silicon is silicon_tetrafluoride (SiF4). 11. The method according to
clai m 7 wherein t e gadbemetiadaceerding ior ¢laim 7 odersin desplasma dna dvghadensiver ¢
gas. 12u58h@. method according to claim1l wherein the inert gas is argon.
13. The nmethod according to claim8 wherein the FSG | ayer and the silicon
nitride |layer are deposited as part of a copper damascene process. 14. The

net hod accordi ng 40. cl @héNmethdd hEddkdifd a0 Iciafh M iwhefe®) tHeegistHat REntaink ayoet of
copper @n the sugstrat i a&gr é‘?f? hzgkl ng the substrate in an in situ plasna
that dod4OHAHSEGRR I SifoR 8YgRYr B ir'Ee:

11.  The method according to claim 7 wherein the gaseous mixture further

comprises a flow of an inert gas.
12. The method according to claim 11 wherein the inert gas is argon.

13. The method according to claim 8 wherein the FSG layer and the silicon

nitride layer are deposited as part of a copper damascene process.

14.  The method according to claim 7 further comprising:

(a) depositing a layer of copper on the substrate; and

(b) heating the substrate in an in situ plasma that does not require an oxygen
source,

wherein both the steps of depositing a layer of copper and heating the substrate

are performed prior to the step of depositing the FSG layer.

15. The method according to claim 7 further comprising:
(a) etching the FSG layer;

(b) ashing the etched FSG layer; and

(c) depositing a layer of metal on the ashed FSG layer.
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wherein both the steps of depositing a | ayer of copper and heating the
substrate are perfornmed prior to the step of depositing the FSG | ayer. 15.
The net hod according to claim7 further conprising: (a) etchig ?\&g b:SG
| ayer; (b) ashing the etched FSG | ayer; and (c) depositing a | $e f0et al
on the ashed FSG | ayer. 30 2 6 AUG 2905 Ta. 16. The net hod according to claim
15 wherein the layer of netal is a layer of TaN 17. The nmethod according to
claim15 wherein the layer of netal is a |layer of 18. The method according

to claim15 whereig theheSheMo@bcaidih§® HSmPR WRerBRdneMalér GHnmeNY98 Myer of
chem strg. 19. The met hod according to claim15 wherein the step of ashing
me

i's perfa- d with an amonia chem stry. 20. The nethod according to claim
15 wherein the step of ashing is performed wth a m xed oxygen-ammoni a

chem stry. 21. A neth for, depositin thin filmon a sybstrate in
process chanber, ﬁiheaﬂlﬁrﬂ‘a@o Bﬁ‘ﬁf’fé@? ﬁ’g&a'@a{}é]‘ﬁ?%@f‘dﬁ‘%ﬁ'yﬁ’ %é’é%ﬂd%a Jﬁy%%re to
the chambr, the gaseous m xture consisting essentially of a silane,
silicon tetrafluoride, oxygen, and argon; (b) generating a high-density

pl asma fromthe gaseous m xture; (c) depositing a bulk portion of a
fluorinated silictie dgltessethéb@cordiyeto clairh d5 twihereis thiesstepadf ashisg isgetftrened

pl asng,; ] iag, the silane flow during deposition of a topnost
porti Onw&l?%rgh%’g@b%@ér’pg&ér; and (e) depositing a silicon nitride |layer on

the topnost portion of the FSG |ayer. 22. A nethod for depositing a thin
filmon a substrajg inpg rPétR&c?&&oFJﬂ?gﬂ'B% him 15 WheP&ih U%%t&P&B)&(t‘t\iﬁé ig%érf&ﬂ?ed

provi di n(% a gaseous m xture to the chanpber, the gaseous m consi sting
essent i With $n ammenjajchemistys r af | uori de, oxygen, and argon; (b) generating a

hi gh-density plasma fromthe gaseous m xture; and (c) depositing a first
portion of a fluorinated silicate glass (FSG layer onto a silicaon nitride
| ayer that has be#h delhednetaed ?ﬁ?ofﬁlg te Glatp {1 A wherrin thg stapeof gehiRgig pedarmeds  AUG

2005  with a mixed oxygen-ammonia chemistry.

21. A method for depositing a thin film on a substrate in a process chamber,
the method comprising:

(a) providing a gaseous mixture to the chamber, the gaseous mixture
consisting essentially of a silane, silicon tetrafluoride, oxygen, and argon;

(b) generating a high-density plasma from the gaseous mixture;

(c) depositing a bulk portion of a fluorinated silicate glass (FSG) layer onto the
substrate using the plasma;

(d) terminating the silane flow during deposition of a topmost portion of the
FSG layer; and

(e) depositing a silicon nitride layer on the topmost portion of the FSG layer.

22. A method for depositing a thin film on a substrate in a process chamber,
the method comprising:

(a) providing a gaseous mixture to the chamber, the gaseous mixture
consisting essentially of silicon tetrafluoride, oxygen, and argon;

(b) generating a high-density plasma from the gaseous mixture; and

(c) depositing a first portion of a fluorinated silicate glass (FSG) layer onto a
silicon nitride layer that has been deposited on the substrate using the plasma.
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23. The nmethod according to claim22 further conprising introducing a flow
of silane to the gaseous m xture during deposition of a second portion of
the FSG film 24. A nmethod of depositing a multilayer fluorine-gd@pses 205
silicon glass (FSG film over a substrate, the nmethod conprising: (a)
flowng a first deposition gas consisting essentially of SiF4, 02, and an
inert gas into a deposition chanber and formng a plasnma fromthe first
deposition gas to deposit a first layer of the FSGfilm and (b) flowing a
second deposition2gas Twethbd Agcardifg tt dlaiinl 22 fQfthebicbvhpri$hdribtro@iting safialv &

inert gas intg the deposjtion chanber and form ng.a pl.a Jomthe second
tonosi ¢ Flane e BeaBinRI SMobXBRGTorlR ssPord il e B )
depositing a silicon nitride | ayer over the substrate. 25. The nethod

according to clai ﬁlzg X\F’:%Ehegd%fhggqshéng%tmlljlagﬁalrr ﬂLcJ)c]:rinteh opgﬁgli%g%s:sﬁﬁ?gﬁr?ﬁi ted

on the silicon ni e layer an evsecon ayer o
deposi t ederasubbieaté,ithe methodyemprigldg: The net hod according to claim 24 wherein

the first layer of,th > 3 1S it i . ; a ad .t he
silicon nitride | a3)/er efllog e%ot')%ﬁéé%&gn @ﬁ&hggté@%s%%?aﬁfW%bzﬁ% aftifr
conput egas inteckadaresiierpehagwenead iorminaaiptagma froonibafiest deposiiiabDes toslepegitafirst
embodi eghybN&HR P& @fm;dhEect i ng operation of a substrate processing system
including a process chanber, a plasnma generation system a substrate

hol der, and a gas®del i lpsing 3 peeiidh depgsitieygaseernsisting esssatily Qf dids Sifist B2t he

pr ocess afdanieft.gak ifto GRAUPoSIior SRMAEr An@FREIRMA plhéha HoNHe b8t Wepbditivh f or

operatingsthe substrate process systemto forma thin filmon a

subst r afes Widepadiis§Rned Wéeb?fé%lgggﬁbn;(ﬂ’iﬁnber in accordance with the

following: (a) preyididepositifps eneth nifrivé 1ayer dver thesubstater, the gaseous
m xture consisting essentially of a silane, silicon tetrafluoride, oxygen,
and argon; (b) generating a high-density plasma fromthe gaseous m xture;

(c) deﬁosi ti Bg a 28| k prereéthod @nlfco&dirid tu&?imeﬂMeséih :trmeftrstllleg/ea_sflsthé F§$%|)°llnh Byer
to t trate.. . L : t t .
dur  ng SersRUrt LRSI Tk bRer BRI sscib HRLO LS BRp PRebhaiRREy e

deposi tiaper.a barrier |layer on the topnost portion of the FSG |layer. 32 2 6
AUG 2005 28. A conputer-readabl e storage nedi um havi ng a conputer-readabl e
program enbodi ed therein for directing operation of a substrate processing
system i ncl udi ng 26. pridedssthethagebating ta clgina Afevhpegie thetfirg tayeyeftteand SG film is

substr a&@po@ﬁ’éod&{ the @ngn% I%?éﬁ(ﬂﬂevsﬂﬁ:}fn ﬁi}'rﬁiteeféper is deposited on the first layer.

27. A computer-readable storage medium having a cornputer-readable
program embodied therein for directing operation of a substrate processing system including a
process chamber, a plasma generation system, a substrate holder, and a gas-delivery system
configured to introduce gases into the process chamber, the computer-readable program
including instructions for operating the substrate processing system to form a thin film on a
substrate disposed in the processing chamber in accordance with the following:

(a) providing a gaseous mixture to the chamber, the gaseous mixture
consisting essentially of a silane, silicon tetrafluoride, oxygen, and argon;

(b) generating a high-density plasma from the gaseous mixture;

(c) depositing a bulk portion of a fluorinated silicate glass (FSG) layer onto the
substrate using the plasma;

(d) terminating the silane flow during deposition of a topmost portion of the
FSG layer; and

(e) depositing a barrier layer on the topmost portion of the FSG layer.
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configured to introduce gases into the process chanber, the
conput er -readabl e program including instructions for operating the
substrate processing systemto forma thin filmon a substrate di sposed in
the processing chanber in accordance with the following: (a) pé&vidi d¥ba
gaseous m xture to the chanber, the gaseous m xture consisting essentially
of silicon tetrafluoride, oxygen, and argon; (b) generating a high-density
pl asma fromthe gaseous m xture; and (c) depositing a first portion of a
fluorinated silicate gl ass (FSG) | ayer onto a barrier | ayer that has been

deposited on the bstate us uter-reada
st orage nedi um ac%gr di )rirg ?’Bp% ﬁ?%ge V\ﬂ%rlag? nme?qH'é' QSWB% C?’%péléez{HF%dbﬁgfogr am
f urt her proycdro@ebodiad thenein |f<m'rrhret:m~rg operatiod wf araybstrdté pwcessirg $ystem nolutling a

L f fd 30.
g0 kbl 5B SEh 0 Sy SPERU Rl BIEAFE bl 20,
chanber cortfigpred toi gitrodeges gasespinis tiwe @mssatchargb@ysﬂnaarrzpmpene&tdadebly rrogrpined t o

the pr Ogﬁ&g@tnﬁhm{rons( fol o ﬁer%ﬂly% ‘ir{eaé&sHQﬂgd;f‘che%Qi% S%Qtreﬁldtot l%rrﬁq ﬁnr@glﬁru Brtrate

during ate processi Irvery stem con ure
|ntrodué@&j@éﬁé@sﬁoﬁﬁ@mtth‘épmcwha ghip@ccorfiancedinibe f;qtiwcg»s for silicon

tetrafluoride, oxygen, r@ﬂgunana'é’é%éuél%ﬁxtukelo Fhd I RaMYEES- tﬁ@néa{s%usslﬁﬁi‘ctﬁm for
mai nt ai ni ng a sel ected pressure within the (gqrocess chanb (1)

cont r ol FsHtipg egsentially| of stieprt tasaflicrde. @syasnt $n4Ara’Pa gener atr ng syst em the
gas-del i very systgy %eﬁﬂrﬁﬂaﬂﬁg&ﬁd&r@nﬁﬂ%rﬁ@fmrﬁyg @ageoam.mé ghdnenory
coupled to the co&} I e rrem)rP/ grrglrl S a] rrgut e&: ? dabl e medi um
havi ng a conput er ead%ﬁﬂoé't'i}? adrsi RPERBoHR HOT'WE‘?%e? licateglagh (FEQ) laygr onto a

oper at i earrief laydrehat s beér depobitas s tHedsudyisdte 0ing the aymput er - r eadabl e program
including: (i) instructions to control the gas-delivery systemto provide a

gaseous mxture to the process chanber, the gaseous m xture consisting
essenti al I y of si 29.conTHeetanaguteraeadbble §8raae6ndwﬁr Zﬂ:&ﬁ&ngmglem 2dhérbia

et Ol R0 e S A 0 AL AR

(iii) i gaserousmrmrs leDng:(bEﬂtOlSﬂan pheseanobd podibe ofthe €86sfilmg system t o deposr t a

30. A substrate processing system comprising:

(a) a housing defining a process chamber;

(b) a high-density plasma generating system operatively coupled to
the process chamber;

(c) a substrate holder configured to hold a substrate during substrate
processing;

(d) a gas-delivery system configured to introduce gases into the process
chamber, including sources for silicon tetrafluoride, oxygen, and an inert gas;

(e) a pressure-control system for maintaining a selected pressure within the
process chamber;

(f) a controller for controlling the high-density plasma generating system, the
gas-delivery system, and the pressure-control system; and

(9) a memory coupled to the controller, the memory comprising a
computer-readable medium having a computer-readable program embodied therein for directing
operation of the substrate processing system, the computer-readable program including:

(i) instructions to control the gas-delivery system to provide a gaseous

mixture to the process chamber, the gaseous mixture consisting essentially of silicon tetrafluoride,
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fluorinated silicate glass |layer onto a barrier |ayer that has been
deposited on the substrate using the high-density plasma. 34
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oxygen, and the inert gas;
(i) instructions to control the high-density plasma generating system to

generate a high-density plasma from the gaseous mixture; and
(iii)  instructions to control the substrate processing system to deposit a

fluorinated silicate glass layer onto a barrier layer that has been deposited on the substrate using

the high-density plasma.
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