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CONSTANT FI LMS BACKGROUND OF THE DI SCROSWRE 5 Field of the Invention The
present invention relates to the fabrication of integrated ci rckli tﬁ,m%ye
particularly) the invention relates to a process and appar at us ér
depositing dielectric layers on a substrate. 10 One of the primary steps in
the fabrication of nodern sem conductor devices is the formation of netal
and di el ectri c CMDrINANOROROUSSILACKAYLOW DIELECTRICI CONSTANE FILMS/Ch
deposition processes are referred to as chem cal vapor deposition or CVD
Conventional thermal CVD processes supply reactive gases Lo the substrate
surface where heat-induced chem cal reactions take place to produce a
desired fil BACKGROYND OFFHE DISGLOSURE ch 15 some thernal CVD processes

oper at e gan vi ce structures having |ayers previously fornmed on the
substrate. ﬂaﬁa&&mw of depositing netal and dielectric filns at
relatively lowt IntioR! AMIES ; (&E&}%ﬁ L aue ch
as described in Sﬁ?t?ﬁergédgg gtﬁ‘éésrﬁllggtent No%lhgagg%lc%@] ent i \}5@%@3{1{%‘ Mot

" Pl asma- EnhaatiguladythPinveatien telatagto b6 céss andeppzsatus foy dSpdsitingndiededteie 1dyers
which is incorporated by reference 20 herein. Plasma-enhanced CVD

t echni ques ﬁP PEA%ci t ati on and/ or di sassoci ation of the reactant gases

by the appl iwwEﬂlﬂ#EHuency (RFC energy to a reaction zone near
the substrate surface, thereby creating a plasma of highly reactive

speci esl0The hi gnes{dhs priimgrycstenstin theefabrcasivnayf enddsm semicomsiucton dedcesrig the
required for, a chem.cal ,reacti.on.t@, take pl.ace) ,and thus | owers_.the
required te r%@aglpﬁ ok “?°_6”r‘ ag@@hcl% gt 8&%%?2"2@ %ém’%% ﬁ%ﬁ?@?’b Pf gasgs- cBuch
geometri es [gayssibropratéssdd ré réfRere@ as A8l chémizh¥ @apdr defositit ordEVIE ConV&itRinal
first introduced several decades ago. Since then) integrated circuits have

general |y f dhermabViDhprocesses sunphhrsaetivg gases (gl the substrate sindare whetsdicat-indueed) |

whi ch means th nu f devices f - W ld, fi n_a.chip doubles.
every two ye‘%?@cail%gﬁmngﬁ%&la F\a éfﬁsﬁ‘fcaﬁgémgb éh?(mhc(n)'g?@ LR f“ﬁé‘t &'Z’\lﬁhc es
havi ng @535(seine) theatfitl EVES ploddstad bpértte3Carl cRaiage dovices stniitbkes HERInEO Meyers
(err)s plants soon will be produci ng devi ces havi ngi. even smal | er

geonet ri es. Previously formed gn bstyats. Arprefiered method alidepesitingimetal ancbdiglegtriss
devi ces on i ' ' | CETS™AD @‘,Pa @BF@ e
materi al s haf\f}%xﬁ%‘i ?‘g%egsfﬁkﬁcﬁéﬁgqléﬁggﬁgﬁgﬁﬁgw ng)q,%w ?el e gf%‘lkc‘é‘
const ant < 4sOdestribedentutaited Statep Raient Nb. 362,526 chtitled: £Plasdp-HnbaicedeC¥D

i nes. Liner/barriget | s, have heen_used bet.ween.t,he conductive materials
and the | nedirsiess Ustng B8 oE Reponting Siin 005 o guch s cuiepreted Sofedergne
ont o t heoCondngd i PRsialeRhirted TV tthhigiefiprothotE:xRitaAdr Kdr dfsHddciafibh OF the
Number WO 94/01885. For exanple) noisture that can be generated during

formati on ofresctang\gasesi hysthe sapplicationdif| rpdigi fraquersy @RF) tenergy e farcactioh zone near

duct i M : H oty ' . .
surface. A DA AR MEFeroEretborsai B ol o Hahih rFREry ShesIR, CThE g
silicon nitriesigivimicfrth@rcleasod spétics reioeds thérendpy frequired fof a tchemiybreaction w.
However, the barrier/liner layers .typically ha%e [

di eéﬁé;%i c constants that
are sigaifi cake plpceyandthus lowes the requited femperatire;for gich RIRGFSE%8Nt s

25 Semiconductor device geometries have dramatically decreased in size since such

4

devices were first introduced several decades ago. Since then, integrated circuits have
generally followed the two year/half-size rule (often called Moore's Law), which means
that the number of devices that will fit on a chip doubles every two years. Today’s
fabrication plants are routinely producing devices having 0.35um and even 0.25um
30 feature sizes, and tomorrowlls plants soon will be producing devices having even smaller

geometries.
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result in a conbined insulator that may not significantly reduce the
dielectric constant. Figure 1 Aillustrates a PECVD process for agongﬂ{ 1Whg
a barrier/lincr layer as described in International Publication Nunber WO
94/ 01885. The PBCVD process 15 deposits a nulti-conmponent dielectric |ayer
wherein a silicon dioxide (SiQOz) liner layer 2 is first deposited on a
patterned netal |ayer having netal lines 3 forned on a substrate 4. The
liner layer 2 is lepulsr tefurther sedica dhensize b devicksrannintagmted tiraiilspitdhag Sedddle
and nitmus oxide (Ni0) at 300C. A sel | anayizing |ow k dielectric |ayer 5
i s then depo%"fcfﬁf{'%i‘? i‘?ﬁa‘:qqdﬂéﬁ‘“f HE?EML ’E%V"%[Qf"nfﬁi} tiyiky apd dpsulstors haying dew k
conpound an :0%} f
pl anari zi ng%ﬁ?gﬁg%?gﬁg@gﬁ%?@{?Pg@%kﬁgﬁab%m%%@re g@’g*‘ﬁ%ﬁi’& |?1tbt. %ﬁiﬂ“'
| i ner | ayer Rinesbamiepidydtszteave bekmnsedfbetweert thacothetieé fracirialscandahe instlators to
propertigs when de i.ted.jn a manner which provides a dielectrjc constant

of at |edst Bre¥ent PR PERYRIPAUGLy T 28 MQiFute Aate e FoRdNFtiVe matenal as descrbed,e

decreased t ojpafifethadonal BabRELtRIN MBPWG%@M}SF Fﬁpix%g%l@, otk tﬁ{l.aéan be
decreases noisture barrier properties of the film 25 vent1onal Tiner

| ayers, suchgensraed\ duniag foemation ofjaclowdk einsudator ceadilysdiffnses, toathe sutfece of the
conbi nation of Jow k die]ectric |ayers w th,high dielectric liner |ayers
provi des |i ft'f’?’@“ﬁ?v‘hdn? A8 e%Fﬁas%lsn uf"_néc%Wt“XI pf gh&c??“ﬁ?"é}"écm‘% %’6%?9 -afit
and capaci t i ygrieflnéd Bger fOPm&d &dkh Edhveh§atiat silidon \eﬂd%_ﬁdr(&g?c%ﬁ Jit‘rr]'i'ﬁfe :ﬁgarvt\frt'(als can

describes an optional Si 0= cap layer 6 that is deposited on the
di el xt rild-t ahlock 3he diffieston ofiche byproduats.| dpwevar) thiobarriendingo layens -typigally Baves

al so an oxi di,zpd. sil an ihmthat s _good barrie r ri{ies,. n

epos: t e | i Rrimeefana el 4E Heoditinly Brealdf e L o oAlEH gk Uighiie songtants

Both the |i nfsultdy &combaied ifhdater thatlfiay bt %@Qﬁcmp rediée thedibledtfc ottt ~Ct t

Is constant greater than 4.5 and the high dielectric constant |a erslﬁel'ﬁs
Wéy&ra.

substanti al |y det Figure flAoilusteatases FEC VD propess| fow depositing @t barge

const ant o coRPRrREY dn btges el Pulic Ny W] D4 dHRer., de CHECTD pidoess
nul ti - conpondeposits @l Mmakictomponey diefectricrlhyer wintiein aksilioon diewidk (Si0g) Beerlayer 2

materi al s generally have | ow oxi de content whjch nakes the material
i nadequat e ais BfFt derasitsd gp 3 pajterned unstaldayerdiaving metal lings J.fommed on a substrate 4.

I nt er connect i 1 It RLde: SR | Ade:qf s

for making i 2?‘5?8%#1%3@{ QI’% Elg&?}tﬁtﬁ%\%ﬁﬁ%&éfn&?nﬁ% mat g;q%tas?é‘.& dﬁo‘%@vﬁe@?{lt&ﬁ?
si li con nitr odide(h50 at 300200, \ese}f-plandrizing lowc k dieleatrie kiyens$ i ther depasited on the
constant of about 7).conpared to the 10 surrounding, | ow k dielectric

Cayer o 14 hiBEhIaE oSO Bebirseteh oha s Tane SSRPYREL S § Mt irgPmpound at 3
si gni ficagt| YerhperhtapsSEelbW 20090 TThd seleplamitiving ldyd & MBAHL hoisRECMRNE mbvedty
even when an otherw se low k dielectric material is used as the prinmary

i nsul at or. Thhsealing. Thainerdayerckistan axidiner] sitane dilmsthatrhas cffeptine bamnerepropeziies

Gl ron i t 1 velisHdebpse i K Baine? S FRMAGesr, dlelfeetE forgtomt g Ipdet .5 The
t he underlyi dgeledtat @6hdthrit dfaie oxidizedesilahy film danvbekdetredsed to hlsout ayleby aheringy

bot h good ban-ier properties for use as . a liner |ayer and sufEgi eni, oXi g!e‘
content for [PERCeAS capditipnsms aopamnsy | thatpdecrepses Moisoie hamriefcpioRsTHiey of the fm.

sane chapber [ ' Xyl i g ' I I
noul 0 nof s nGavenal e ! U o IRy GV Ll Fghor ufcBeioitdntaints AR
| ayers, and sootbimatioataffio®(k dieleptricdgyars with ldghn btdidlentsic linertdlayers provides dittleer

t chi th derl yi I . Uni S P t . 5.554 570 d I b
bant er I ayer Sergriveden B e purml sk RTE bl tnd Sppnd sougins. "' °°°
organosi | ane havi ngs ghdwr inJFighie 185 WoI 93/FIBYS ifititiep déscribesid aptionhlcSiO) eae luyer

the density of deposited filns and to i nprove adhesi on between the I?éers.

For exanpl e, Gthahwrdepositodion thedewk dislestrie leyad by theasastionaf lanrandrNedd) The g
30 cap layer 6 is also an oxidized silane film that has good barrier properties when deposited

in 2 manner that provides a dielectric constant of about 4.5. Both the liner layer 2 and the
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25 ozone, may be deposited betweea PECVD silicon oxide filnms produced from
as organosilane and NiO or O1. The barrier |ayers described in the '\bFo03
patent are preferably dense silicon oxide |ayers having | ow carbon
contents. The dense | ayers are deposited using 400 Wof high frequency RF
power al though the use of |ow frequency RF power is asserted to inprove 30
yers, are preferably produced from al koxysi | anes

Lh' E"QFLI ?ﬁ:icé% RYGE Sat Ao arlic oosen Bt hapch Sndcibnigh et orsme
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constants or for AgHévigesoiet bmallalihébigyers Bt éapdars haﬁﬁ?ﬂfﬁw&%&%%gnsmﬁs

“570 patent al so does not suggest use of the described Fayers as a barrier
| ayer adj aceantributemore ¢ heceverald diclecsric oonstant afi actuhti-saroponedt dielkectricr e ns

d f ' ' ' i ' . d_bar.r.i
o oper | 85) Timrefhere” KPR\ I Wb alels el GV 0% g e Vet
layers in SuhakéscmennﬂféﬁiapﬁﬁadegﬁWYmﬁt&Hﬁob NG ddihg Gty RF A& N land/or

invention provides a nethod and apparatus for depositing a nano porous
silicon oxi detereppascthaSilicgnnitmide aasepesn the csbnsiop rmateriale ofi gheicp ofop usaking

silicon oxi , i dy, b Sit] a,siliconloxygen cantai,nin
material t hgﬁtcﬁ%sgﬁr ﬁﬁéeg: Rggﬁ\salf n&fﬁgﬂagmﬁyggﬁb i"f‘:’eW i Fbah\ccylg?% ) E‘%mtﬁ"sb
control | ed aentetlynBight dictuetritc ROAstiR d(diclbdthio WoRMUALS B CBOLAIT) ddchpaPddetd ahe t O
farm m croscopi c %gs pockets that are uniformly 15 dispersed in a silicon

oxi de | dfer .sumeundiag &?‘f’\k@i?ﬂé‘l‘tﬂ'ﬁ@)@ﬁ- [trhas alse beer-@iseayerrdthptab sifieon witnidegmay
1o o ket st 1 ks B i Saouied HBcg W

t hat provides Cc cohstan con/oxygen ‘mater|
chemi cal vapsthersidsgokivt &ddiblecricmietzsiahniy asedaasathie geintaryyinsulaton ITHi MayUleddi e

Ceact | ve. corfSBHIk SRURT FENLEIcE SRRASARGS D defry Bk deerides She PYeghll peniermance
| abi | e or ganyGh g GRHES FiuS, the siiften nRAGE kiR s&awﬁcqypiw t¥hfoved Eﬁﬂiﬁ{ﬂjﬁf
0 UcCt s

organi c groups contain sufficient oxygen to'convert gdseous pro

when t hel5depafthe endeslying dimlectricdaydrsasyer i s anneal ed. Reactive conpounds or
m xt ures cont ai ni drpgepat.ed sili con that form panoporous silicon

oxi de- based | ayer @%ﬁﬁ%é’r %g‘bgt‘kgf"l’tg‘d l%Yﬁﬁé’éY‘Pﬁ °T'h_n§?‘2£ ATHE] BORCeMiSs, fof ¥S€; 3526)
25 di net hyl sjijepngyertind! $uFREER! HEABE Lofterit( 6B b b hh 206 §Bp RBGR) be identified and

1, 3,5-trisilanacycl ohexane) . . . . . .
cycl e- 1, 3, 5, depositedsini the same charabesx 9s existing lowtkgielestric materials. Such barrier layers

1, 3- bi il t ' . ot rai l ,
combi nat 1 one DG ieb pERSEbE WeCRVARA giBRGE oot of KB KD S0 8V nlith,
and cycl:?& 1,hs’ipﬁla?ctwbnﬂaiokmta,bﬁfdhmeﬂ-aﬁeﬁgodm'R theydrderlying lmh;gnced by
virtue of their ngn: nar ring str . Reacti.ve conpounds

m xtures that conymt‘s)@satﬁ Barrl ey S5t #vcm%ﬂsiabaén?fr '@m"?forgwuwgﬂ ithemabie
bi s(f I i & ;‘ﬁ@g R R ; [ I8 ?P(ﬁgp [ . q 14
APSR(Zg(r)gy cg)r(my?@ie%@m agv& nct &gr?gé%g*ﬁz%ﬁ:héﬁp gzann%}g ySi IEL\%{%&S&%\%@ of
1, 2- bi s(f or nsilamete|ibeneagecthi adeasityl of depasited filmy lapd 40 |limpoyvet ddhesion heveen the

i Xt th f. .Such d t. with hyd ide, t

e ot el SRRl COE i ol 58 R PO B
Oor gani ¢ 2§ oUgfone, ifiay? 1Bel dépdiited HetweenO PEOVIY siliconpoxidanfilies iprsdueed efforh &y

m xi ng the reactive conpounds wi th non-silicon containing conponents that
conpri se organosilane and N;O or Oa.
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The barrier layers described in the ‘570 patent are preferably dense silicon oxide
layers having low carbon contents. The dense layers are deposited using 400 W of high
frequency RF power although the use of low frequency RF power is asserted to improve

30 film stress. The barrier layers are preferably produced from alkoxysilanes or chlorinated
alkylsilanes and N,O to reduce carbon content and increase the density of the layers.



one or nore | abile organic groups, such as nethyl mal efic anhydride,
3-fornyl oxy-2, 5f urandi one) gl yci dal dehyde, oxiranyl gl yoxal ate, dj£xpRany!
carbonat e, dioxiranyl mesoxal ate) and glycidic anhydride. The non-silicon
cont ai ni ng conponents can alternatively be m xed with the reactive silicon
containing materials that do not contain 10 | abile organic groups) such as
silane, nethylsilane, dinethylsilane) disilanonethane,

bi s(nct hyl si | ano) kena}78, patem, dpes mot iidentific processesanditions for making barrier layers
cycle-1,3,5, {-tetrasil ano-2, 6-di oxy 4, 8-di net hyl ene, . . .
1,3-bis(sila H’é‘&h&‘%ﬁg‘;‘ Fi5x SoRstans, @ 1fop_making -ateh Stapalayats bavingahigh Toxide

deposited sil. o] a $.al o ri Ls_preferabl neal ed a
depost o0 o1 coBRHEO 149376 Bl B ol hAY §hest ok bE LG @A ATGh S8 barfler
gnups to di speyesadjaténtagrtowrpdletdctrid Ryer M%Fﬁiéﬂlﬁo?.' l'icon oxide |ayer
having a low dielectric constant attributed to a closed cell foam

structured Anneal iThgreremainsal need for dielestria layerscapingdowr dielsttrichmnsiaptss igoad
material to about 400C or re.. In.a preferred gap fjlling enbodi nent) the
nano- por ous SPTEHTOBR G %@Jggh gxide H'Jlgnﬁﬁpbéédl“ g'?lgérﬁ’ccf dRYeTSOTHRich) Stopdayesh it
silicon oxi dguhikida ddviges! that was deposited on a 20 patterned netal

| ayer by plasma assisted reaction of one or nore reactive silicon
cont ai ni ng conpounds and nitrous oxide) preferably using |ow | evel s of

constant or f no-porous silicon oxide layer is then
deposi ted inmmgg%&&ggﬁsence of RF power. After annealing
as descrifed abovephet HsdiA A+ a idel G | I /oS |

capped in the sama.g?h m%er EY/ {?rt g?i' lfkeag@f%ﬁaﬁdt%%fgkoﬁogg&ﬁgg%}%%é nano-
and/ or or gangsréussiinenomxidrolayer kavihgna tavodieleotriccenstantn Thé nand-poretissition oxide

e o 5 AR RA S, aT e U B ot el AL Php Bather
provi des an 'cBh&iﬂTﬁSei‘inaﬂyqlhﬁiﬁ Bf@:ﬂ@%%b@mﬁ' by lcBherQIAPdrn bf'the deposited

nano- porous silicon oxide |ayer Wwhich i§ deposited on a conventional etch
stop such as s8irogidxygem containeng matsrial 4o form micwecopith gasspdaketsnthatx angeuniformly

al so be posi.ted as_a thin adhesive.layer. 5 14 2003 BRI EF
DESCR PTRON RoPFFIEH e i GHAE TyEE B TRlatie volume,qf o mosraseapis ees mocketa
features) advhe [3:0193 oRltd l_@ﬁlr% téntilled 6 nidiRaad clbsed ¥Rl Ifedin Birctidet tﬁhﬂﬁévﬂeﬁi
can be understood in detail, a nore_particular description of the

i nvention, bripws diglestrinraenssants. aBhsy silican/pxygenhmatengl iscehemieal cvaper tdgposited by
o hont st ! : ; . T
T be noted, RoiERing'8 delpdie cmptitid 8h e irCof RENASHE SO Yy prackihg e

enbodi ment s afepbéiied iperexidé ccompuindr wvithhar aéartiee Nncdmpounti e or omixtoeer @dntaining
Limting.Qf its scope, far t I nvention may admt to ofher equall

of fect | v@0enbdroented sificen. | Wnen ‘eblc Sfesiq groups we Hanbe, eagh ioremmowd or
diel ectric | aySimsre 8L MileRApiic %’oﬁ sédiﬁﬁhrs@itﬂ%icwoi)%nw&ﬁﬁéﬁ@&g&@&’bﬂoﬂué@e

art; Fig. 2 is a cross-sectlonal dlagram of an exemplary CVD reactor
confi gured fowhersthe depasitdd sidicon oxide Iayeeisemnedledient i on;

Reactive compounds or mixtures containing hydrogenated silicon that form nano-

porous silicon oxide-based layers under controlled annealing include silane, methylsilane,
25  dimethylsilane, disilanomethane, bis(methylsilano)methane, 1,3,5-trisilanacyclohexane,
cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 1,3-bis(silanomethylene)siloxane,
and 1,2-disilanotetrafluoroethane, and combinations thereof. Formation of voids using
1,3,5-trisilanacyclohexane and cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene is
enhanced by virtue of their non-planar ring structure,
30 Reactive compounds or mixtures that comprise silicon and thermally labile organic

groups include bis(formyloxysilano)methane, bis(glyoxylylsilano)methane, bis(formyl-



Fig. 3 is a diagramof the systemnonitor of the CVD reactor of Fig. 2;

Fig. 4 is a flowhart of a process control conputer pngran1produyg_mmqqﬁln
15 conjunction with the exenplary CVD reactor of Fig. 2; Fig. 5is a flow
chart illustrating steps undertaken in depositing liner and cap layers in a
gap filling process according to one enbodiruent of the present invention,
Fig. 6A-6E is a schematic diagramof the | ayers deposited on a substrate by

t he process oﬁrbﬁnyjdmyﬁianm}nﬂhmcr e Zj-kxs(d‘omﬁwsﬂamt)pmfmke,w dy2-bis(fotriigloRy-
dual darrasceng ct uga r| sing the silicon oxide ayers of the present

i nventi on 3&*&55’55 thang jand, mixfres thareafgSuphecompovndsiteact

s & cross sl BEpERH P"g&“‘ﬁ%@m’ S ROl ‘?F@S’%é?‘e%&%%f}ﬁmﬂé@%u&mg
silicon oxi dmd:gyarmoiabﬁlbargxﬁsmh ps. THe RimcRt SEIaBRE brganie sodantheCinBfehsedC

layer and_an internetal die tric layer; and Figures 10A H are cross
sect i onal 2 vi SYINIXHBHDE gev&naaapmaa%aeﬂwm It GoptRining gempensateihat comprise

il d t
i ef cotr o1 e, dr Hore EGTE braaltCprohid shch 40 fituly? BARE nfdidd ShlBI B2
of the presefirandionet i giwcxdald&hydencexshgdglylohmeradmomwiyhe carbonateg diixérahyld
description. 6 4 APR 20? #ES%H’ T O\IA% ERRED EMBODI MENT The
present i nveM§SBrARE A SI¥eidiE dgide; aPS’?'ﬁ COR CREYBUIBt CATPANGRS ocan
porous sili CQR 4t ey 'b@drﬁf)ﬁeﬁwupﬂ'leareﬁ e%il.?og%giz&tﬁ#’e ify atétils thaf'Bo nof contain

nano- por ous StTicon oxi ayer I's pro uce ting a si |con oxygen
cont ai ni hg ndabelei atga.nicagromps,i suchl By sﬂamonnethylsxladeerdmnbﬂhylsilam:i | disitangaretiane,

ont i ng. mARRY SR, - R, PRI S BT PR it

di spersed in 4as-ahﬁezﬁ§qen9>1Imsdsﬂxxﬁfmﬂ;h&mwowcvazdfp,hmaa&e&md%gbﬂﬁOp' c

gas pockets tO the silicon oxide layer is controlled to maintain cl osed
cel I foam struct urlhet Heposised> siliton/okygendcasitainingi mateoak isprefemhly huncaled at a

DD | RSt RO\ P B S il
conpoundg5genas pbékéts NG nal6-pofsussilico bxide fayerd Baving 4low dielectric constant attributed
to a closed cell foam structure. Anncaling preferably increases the temperature of the
deposited material to about 400°C or more.
In a preferred gap filling embodiment, the nano-porous silicon oxide layer of the
present invention is deposited on a silicon oxide barrier layer that was deposited on a
20 patterned metal layer by plasma assisted reaction of one or more reactive silicon
containing compounds and nitrous oxide, preferably using low levels of constant or pulsed
RF power. The nano-porous silicon oxide layer is then deposited in the same chamber in
the absence of RF power. After annealing as described above, the nano-porous silicon
oxide layer is optionally capped in the same chamber by further reaction of the
25 organosilane and/or organosiloxane compound and nitrous oxide using low levels of
constant or pulsed RF power. The liner and cap layers serve as barriers which protect the
nano-porous silicon oxide layer.
The invention further provides an intermetal dielectric material (IMD) comprising
the nano-porous silicon oxide layer which is deposited on a conventional etch stop such as
30 silicon oxide or silicon nitride. The silicon oxide can also be deposited as a thin adhesive

layer.



-C-Sill Hwherein each Si is bonded to at |east two hydrogen atons and may
be bonded to one or two carbon atom's, and Cis included in an ofgafRR 2003
group, preferably alkyl or alkenyl groups such as -CH3, -CHI -CHs, -CHZ-) or
-CH2-CHzZ-, or fluorinated carbon derivatives thereof. Wien an organosil ane
or organosil oxane conmpound includes two or nore Si atons) each Si is
separ at ed from anot her Si -C-, or -GG, wherein each bridging Cis
i ncl uded i nBRIES ﬁ“%’fﬂﬁ‘aﬂﬂﬁmﬁs or al kenyl groups such as
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gases or |i ep%ﬂﬂ%véﬂm REARUAR A be: d@fsté’&llﬁlth# iéeg Q@aﬁgﬁp‘%‘;

10 Torr. Pre organosi | anes and or ganosi | oxaaes | nc

net hyl si | andpsaiption lof Ithke hﬁaﬁmotdlbﬂdﬂ@rkﬁmﬁhﬁ%d)abbv&(tﬁﬁi b!'hﬁﬂ Ibg referdtich 36 e
1, 2-di si | anoet haac, SiH4 CH3-S1H3 (~3)rS~= Si H--CH - SI H~

CHI - Si Hz2 CHeEmbpgmentstheraaf whigh lamadnn the appended-dragings.

1,2-b h ha Si,He- CH3. 2. 2-di Si |

St CLot) |- oi i TOYE e e, Rt et e deengell cpaings dldpeln Rochgal
- (- Si HE- CHi efSibbmintsof (¥ Ghbéntioh, ﬁaﬁater m%réfafaaﬁa&toobe%aﬁhm& “Iizhifing GH itd ~
(cyclic) S 1, 3-dinet hyI di si | oxane) -

I,

3-bis(sil ampeefdmhenm)edhem myadﬂm t(oStdtdr&qﬁhﬂy ﬁféd'Ziv):%mBodunents
bis(l-nethyldisrlox t hane), and (CHa.SH2 O Si
2, 2- bi s( 1- net hyl a"re{’f%-)tbﬁﬁmmb & seheantic dfiagrams of Hﬁlma%)dm%dama
f1 uor i npg ed sERdARbyIEE e@m@ﬁritﬁﬂt arfUch as
1, 2-disilanotetrafl uor(?et hane. The gr otarbon groups in the organosil anes
and or ganosr I oxachgt 2isp dwssmcttoml dtytgmm 6f.an gxefriplary (VD eckcton configured foCuke
bonds to CGE 8’?}%& ?:‘?aﬁl of the ferred or ganosi | ane and or ganosi | oxane
conmpounds aPEc¥ P TFV"&H&}(F’P A conbi nation of two or nore of the
or ganosi | anes or mggﬁﬁqaxt@mm&@@tehenemémﬁecvmm&bﬂsmgbt .end of

desired 15 properties such as diel ectric constant, oxide content,
hydr ophobi ci t y) fRig. nﬂslﬁraeﬂgwchnd of | mprecess contra) eoimepuien progeam Produthased in

siliconkexyge t |s che a ted by condensing a

per oxi dé9 %‘H g%%?‘ﬁ‘g(%?%é’?g he surface of a substrate
and by contacti ngig| rsexsckems chatliletratidgitepsaifBertién \ih HepoRitin@dinet ¥R ¢

or m xture conprising silicon 20 hy drlde roups and optlonal therma

| abi | e organi@ SQP@HH!EPIP%REF%@BSW QRg ¢! $he:presans inyEBEOTs ch as
1,3,5-trisilanac

cyclo-1,3,5,7- tetﬁésr I anongg%maucfltga t'ﬁ?/llaé’r?g ??os“?tdr ce"\llgcfuaﬂuﬁtenby the

anneal i ng vmprhmstoﬁmgutai;n of Iabr | e groups by virtue of a non-planar ring

?Liﬁr‘“gé{éﬁaulhﬁréﬁﬁrm' TR oGHOTAL 817t SHORDE & JoRl RetBscrne ORI STty
| abile 25 grf Eskﬂgﬁ%&rg/&%ﬁ%{%@%&@mog)) gl yoxylyl (CHO-COO))

and fornyl car onyl di oxy Reattive conpounds that conprise
silicon hydride afigutesc8A8H wrd aivst ascctiopahiviewsr shawdng ronk usteboditfient of a dual
bi s(fornyl oxysi | ano) net hane) (CHO-0OSi H=-)i CH2

bi s(gl yoxyl eAng deresitionscquenqeof ths mcsﬁqqu}mn-s 14 APR 2003

bi s(f ot nyl b |
2I Z( brosn/o(r:ﬁt yf)giﬂ;/ghfpanolk pa?(%{)gasgg?aw bi s(%ggr“r’r%(c)%/ glr?g) l)g%rﬁet?pns Og the

25  silicon oxide layer of the present invention between a prcmctal dielectric layer and an

nU

intermetal dielectric layer; and
Figures 10A-10H are cross sectional views showing a dual damascene deposition
sequence wherein the silicon oxide of the present invention is used to adbere an
intermetal diclectric film to a conventional etch stop.
30 For a further understanding of the present invention, reference should be made to

the ensuing detailed description.



1, 2- bi s(gl yoxyl yl sil ano) et hane. (CH(0)-0-Si H=-)=C(CH3) =

(CH(0)-0-Si Hl - CH=-)i (CH(O)-CO O Si Hz-CHz-)= 10 15 20 25 30 andl4IARAHat ed
bri dgi ng carbon derivatives thereof, such as:

bi s(fornyl oxysil ano)difl uoronet hane) and (CH(O) -0-Si Hz-) | CFi

1, 2- bi s(gl yoxyl yl sil ano)tetrafl uoroethane. (CH(O) -CO 0-Si H2- CF=-) = Such
conpounds react with hydrogen peroxide to forma gel-like siliconloxygen

cont ai ni ng DESCRIPTIONIOF & PREFERREDEMBODIMENT or gani ¢ groups at
t enper at ures bel ow about 40C. The anount of |abile organic groups retained

in the deposited Tl presant dryaptian quovides 2 rmethed end apparatus Hor deposétingesl nago-

m xi ng the reactiue cq nds .wi th non-siJlicon containi ng conponents that
Compr i se on@OES dijiea OXlY 1aver aing & gw dipfecte qanstans sRAFQuS R ipppoxide

i ncl ude thef | 2% iti ife) i

fornyl car bony’fegli'ni%{»S{?x %ﬁ?&g%p%glbﬁ%ﬁggmﬁi/ﬁ%ﬁ? qcng-?n t%emgli@ﬁigcglr?t cogﬁ?%?lﬁi ng
react i ves cospotaingsthemmaliyt labile @xgania growps.aand by contyelled canpealings of Fhrecdeposited

oS oo S Ak 0 SOTRARCRL Rl 161 RO Bl C ok RNNIEt (essommiy.
carbonate, digpetsed iy b sifRoa oXids Ryerd The sélative W%Ié&c%&gcaﬁ_ @gm&cg t& |

-(-CO-CH-(O-CH(0))-CQ-0-) - (cyc !@g% Ol\ CH=-CHCHaO O /1 .
O O/\ /\ Cthe gijicon oxide layer ¢3-eongotled to maintgip aglesed cell fRnrsinstae tipt-provides] 4

APR 2003 5 18y Tflefettril Bntants and low permeability after annealing. The nano-porous silicon
10  oxide layers will have dielectric constants less than about3.0.

The organosilane and organosiloxane compounds generally include the structures:

H
| |

-C-Si-

15 ||

H
wherein each Si is bonded to at least two hydrogen atoms and may be bonded to one or
two carbon atoms, and C is included in an organo gtdup, preferably alkyl or alkenyl
20 groups such as -CHi, -CH;-CH,, -CH;-, or -CH;-CH;-, or fluorinated carbon
derivatives thereof. When an organosilane or organosiloxane compound includes two or
more Si atoms, each Si is separated from another Si by -O-, -C-, or ~C-C-, wherein
each bridging C is included in an organo group, preferably alkyl or alkenyl groups such as
-CH,-, -CH,-CH,-, -CH(CHj;)-, -C(CH3);-, or fluorinated carbon derivatives thereof.
25  The preferred organosilane and organosiloxane compounds are gases or liquids near room
temperature and can be volatilized above about 10 Torr. Preferred organosilanes and

organosiloxanes include:

silane, SiH,

30 methylsilane, CH,-SiH;
dimethylsilane, (CH3),-SiH2
disilanomethane, SiH;-CH,-SiH,
bis(methylsilano)methane, CH;-SiH,-CH,-SiH,-CH;
1,2-disilanoethane, SiH;3-CH,-CH,-SiH,



gl ycidic anhydride. CHZ-CH CO- O CO CH CH The non-silicon containin
conponents can alternatively be mxed with the reactive silicon déng%ﬂ ND:‘ng
materials that do not contain |abile organic groups, such as: sil ane)

met hyl si |l ane, dinmethyl silane) disilanonmethane) bis(nmethylsilano)nethane,

1, 2-di si i anoct hane, 1, 2-bi s(nethyl sil ano) et hane, 2, 2-di sil anopropane)

1,3,5-trisil cycl phexane, SiH4 CH3-SiH~ (CH3)rSi H= Si H3-CH=-Si Fi 3
CH3- Si Hi - M%gﬁéﬁﬁﬁﬁgméﬁw CHI - 51H3 CHE% Si )r@fh}szﬂeqazmsaﬁscm

Si H3- C( CH3) 5ly_ S =S Hi CH=-)a - (cyclic . .

oycl o-C(l, 3, ?32'7@3{%?%{’?@#? 2 6- A oxyE 2 8 di - nyP B8 G - g e 0-) =
(cyclic) 1, 3yelosig3,byl-rdtrasilansa2)6-dicky34, fidirh &thy RO (ESIRYICHLESi,50-J,0X 8 (Grelic)

bi s(1- met hyl di si | gxaayl ) net hane) and 2, 2- bi s(1- net hyl di si | oxanyl ) propane)
CH - Si H=- O $i3f- alghegape, Si H2- ) 2- O ( CH3- Si #58iB 6 H4=)) Leychic)

ey
(CH~- S~2¢ ~- $=2) 2=~ 5 and the fluorinated c dey Lyatiyes thereof.
The deptz)ssi tijg%ﬁt&}ﬁ%& 3}5‘1 containing materi aﬁ@@‘df@%@bﬁs anneal ed at
a 25 graduall| ¥bisisilanémetyleng)ialokbng, e to conver (SiHMEH H,9,-0r gani ¢ groups
to di sperseg&%as pockets in_a nano-porous silicon oxi | ayer having a | ow

. e . e
dielectric -mgthyldistloxann)methaneaand osod cel | (GBafiHt@iSiHwm=CHen a
preferred gapy ficfi.i o] £ Nano- por oysirS kit CARL-AXid é er of
the present %Qnéiék.ﬂt ﬁéﬁ“’ﬁ@@%{pﬁm’?gs%h a sili con@? gieﬂzB§;§H é:)z ﬁa lgﬁzt hat
was deposited on a 30 patterned nmetal |ayer by plasma assisted reaction of

one or re reactiye sjlicon c¢optaining conmpounds and, nitrous_oxide,
pref er a{ﬁ y Ggﬁ n@“quW‘F &é‘ﬁ’?“o&“ﬁ"&%f‘am‘r?ﬂf' siahs @s Id-disapatetrafiyuorqethane; Jhe
silicon co e j st i, th
i1 ane. abovedikartRCels: & 8 Sreahodfcer i dratnobiBEincE BB E RS
ségrre 10 14}juéﬂﬁa_ %6(16 aginilér:t CrHnteds ¢ CSF doads. @Yiﬁ)saﬁﬁxerpréferr]‘c’et_hlergahﬁﬁlme aﬁiﬁl
power, and is heated using.,an increasing tenperature profile, optional]ly
to about 40[XTBANPAUOYRRRSOROBALS %‘mcpmr@ﬂlmwﬁgl@rAigonzbmt@naqﬂtywam@a ofn
the sane th%§%§ﬁd£ &ev%ihés' RneBah 64 ¢ r§Yo§fed by ;frH{'n'h & bIcﬁaC#t‘ 8&kirel
the reactive silTcon conpound and nitrous oxide Using low [evels o
const anflSor popartiese dudk- ap aliglectri¢ heonktante roxidedcardent] hydnophehicitye film Istress| and
whi ch protecH t he nano-porous silicon oxide |layer. The liner and cap | ayers
can be depodl m%&“ﬁgégﬂ‘“&gﬁ?t ed oxidation of the reactive silicon
contai ni ng conpourkSsiliforé mefleria? #CiHenfca vhpsrQieps&iri r&oﬂaexﬁmgxwdx'us
di net hyl si | ane whi chsxils de)%{)gg?t edc ugi n% cf r‘(:)m about " 10 tg"yabout 200 _ofl
const ant RF cpgpsund syctbes hydspgerhparexids on thexpsiace 068 swysgntep and; byl comtaglingcthe
cams. tor al " Sananet paBeisE' Gufouth AR o REREyERGPoRY B TRkl BhRHH, ifon
Car bon abi cthydeideigssupsnarideptionad thermdlly dgbileagrgitic gpaupsi Potnetionoofl voids using

di el i b ' Th i ni bon .

or of or abl y 3981 GUEPGEAG: Bines A4S SRslamlohaRancom VAR S arRRbRS-

| any ! _ . IS0 ae oI

compounds. ar SRyl SR IRCis LRIV luble ablise REblCaRilaCoEEAY kg B9

pl asma assi svigde pfanon-plamar tihg stoyaune. T thiarmallyf labibeorgamic igrayps hentaipsufficiént n
by d Lt f t ai ni ng, d '

i do_ (N ) - CREER B Lorih prse s aShedt WheaH BF sijcPR B1de JRURE inprmBtrd st od e

oxygea 2 ni LoRGeNinBRRES (g 162 CHIOMOS ngnlg&xwmaﬂomea—xha«m t faemyl-

bonds in the reactive silicdon Contalning conpounds. The oxi di zed conpounds
adhere to cocrarbaryldiosy (CH@B-OD-As).a patterned | ayer of a sem conduct or

substrate to form,a deposited film The .depgsited.filns,are cured.and _ .

anneal ed at redugt‘aaﬁﬁ‘r"gs@mpé’“ﬁ%% CPRPPET aﬁﬁ?%iyﬂehaa%g‘iﬁfmégb%‘%a%’&ﬁ?’°

450C, pref e;#ahgsﬁ,ggm@. about 400 Cto stabilize the barrier properties of
e

the fil ns. 5 deposited filmhas sufficient carbon content to provide
barrier properties. The carbon
30 bis(formyloxysilano)methane, (CH(0)-0-SiH;-),CH,
bis(glyoxylylsilano)methane, (CH(0)-CO-0-SiHz-),CH,



contest preferably includes CGH or CF bonds to provide a hydrophobic, f
that is an excellent noisture barrier. The present invention f urléhpPR 200
provi des a substrate processing system having a plasma reactor including a
reaction zone, a substrate holder for positioning a substrate in 30 the
reaction zone) and a vacuum system The processing system fw her conprises
a gaslliquid triPution system connecting the reaction _zone of the vacuum

d
chamber to s@b‘lﬁfqr@é' cIrbanyldigxysinpimetiane s {FH(Q-OrEO-Og8H-u(Han RF
t d t 1 1 ~ APR 2 i striputi t f
Gener at i ng. a 1 BCHARRHIRIRRRER R Zone. ThBPOdcSbhnCEHdom fur t her
. LS ¢ . th I
emctory the gagfiobRloRfTRabRIAge A OTn " HEH - G2 0% remory
coupl ed to the2-biz(glyetylgsilarohéhaRor y conpr(iCH(0J-COCONBIH,2CHYsghl e medi um

conpri si ng a conputer readable 5 program code for selecting the process
steps of #epositing a low dielectric constant filmwith a plasma of an

or ocosei ng. <08 SRRIES HEkER e ATRAN R BRBRC Mot Comput or 1 cadabi e

program code for selecting the process steps of depositing a liner of the
oxi di zed organo_sil ane conpound, depositing a different dielectric |ayer,

and opt i onal Ibys(frspryiexnysiignoidifluoromethane, andy dCH(P)+@eSiblke+HCFed or gano sil ane
conpound. Further ,description of .the jnventj i efdirected toward a
specific app rg'gﬁgayﬂylﬂ‘é%w&f’%“‘?%ﬁt- or @9\9”:@6&'5&*76@%?' ers of the
present kgvention and toward preferred gap filling filnms. 15 Exenplary CVD

Pl asma Reactor One suitable CVD plasma reactor in which a nethod of the
present i nverfichncompourdsceeact edtholydioges hperoxide 1Bi form2)a ghllikte isilican/oxygen

feactor 10" ndOPIRFISE A duttdreRegron afcihe Rsile osFaio 0Rs B [FIPSGHE below
di stribution Jxaei 4C] Thé abuntlbEIRBIS bipanil PGS Tedied in mé;&FaAm%rﬁoem&ﬁg&nZO

holes in the manifold to a substrate or wafer t§lnot shown) that rests on a
substrate supRoprainipg material can be dprreased by wpixisg the reagtiveseompoundswwithchopssilicon

used Tor 107 quentinipg Kottt hiceonii R bad B cAgS il Srialic” Bl TR abite
li quid react ajtpanibr @6@RAC thehidd Ui fbi(ih'cgﬁki' QCEROPLGLPB Em&gggﬂe)mcﬁ%d

Precision Liqurd Injection System LI'S) and the ed 25

Preci si on Li deirdylkcaibenyldioxy ICH(EH-OECOE)-) groups desariberbifer thensilignm tenfaining
Materials, Ins. The reactaé 1£ h,rr.l?cl udes heat.ing of the roys ses aliri]d
Substrat e, sUGHYS SPRRNDAS #Aq oo SRV CRHRINE RSEanis, BTANPS.Chretoped HoBreiican, o
(not shown) . Jant#hingREmbendntdincldde:susceptor 12 is nmounted an a support stem

13 so that susceptvr 12 (and the wafer supported on the upper surface of
suscept 02012) can be controllably noved between a 30 | ower | oadingl of f

| oadi ng posit] pr ocessi ) @511 WAERY.S el y adj acent
to mani fold 1Tg&igﬁQIeﬂ%§%03 When g&s@@ﬁ%ﬁ%y\g%q)‘he@&gﬁr are in
processi ng po3iférntyloxhyd},5ifaryidivhe, sur r o+CRCHHC(@-CH(0))«CO0-p+ (dytliend
process gases exhaust into a manifold 24, During processing) gases inlet to
mani fold 11 are uniformy distributed r L ally across the surface of the
wafer. A vacuum punp 32 having a thrott{e valve controls the exhaust rate
of gases 2 frplyridaldehydenber. Before re@BCGHCHED fol d 11) deposition and
carrier gases are input through gas lind3 18 into a mixing system 19 where
t hey are conbined and then sent to manifo\d 11.

glm

oxiranylglyoxalate, CH,-CH-0-CO-CH=0
(0] o]
30 !\ /\
dioxiranyl carbonate, CH,-CH-0-C0-0-CH-CH;
0] 0]
!/ \ / \
dioxiranyl mesoxalate, and CH,-CH-0-C0-C0O-C0-0-CH-CH;

35



General ly, the process gases supply lines 18 for each of the process gases
include (i) safety shut-off valves (not shown) that can be used PQAPEZW3
automatically or manually shut off the flow 10 of process gas into the
chanmber) and (ii) mass flow controllers (also not shown) that neasure the
fl ow of gas through the gas supply lines. When toxic gases are used in the
process, several safety shut-off valves are positioned on each gas supply
tine in conventional configurations. Th® deposition @rocess perforned in
reactor 10 can be either a non-plasnma prnocess 15 onaycool ed substrate

pedestal or ; anced processeyl bR~ _ASHR_FIrYsess) a control | ed
pl asma is tfgog(g ?ﬁw)f(girmrrbd adj acent ts((:)Hf ggﬁwa g?egy@%gﬁgﬁergy applied to
distribution manifold 11 from RF power supply 25 (with susceptor |2
groundedj. Alter el Heh-¥ilicHr QANBking CorRforRAQY 4L AltbRatiVély SUS GERED wilid thE
RF power can be provided to different conponents at different frequencies.
RF power suppaciive silicem centpiping materials thmy de inatytantain labileodganicegroups; suckaspover
to enhance the deconposition of reactive species introduced into the high
vacuum regi on 15. A m xed frequency RF power supply typically supplies
power at a fRilade, RF frequency (RF1) of 13.56 MHzsiy the distribution

mani fold 11 and at a |l ow RF fiequency (RF2) of 3G0 KHz to the susceptor 12.
The silicon msthyalangyers of the present inventiGH»®iB nost preferably

pr oducegqpusi g . els or pulsed 25 levels o hOk:t requency RF power.
Pul sed %?: péf\’;‘%?&’glﬁlg erably provides 13.56 MHz &%&ag'fﬁzat about 20 to about
200 W duri ndlisihnometh@né,0 about 30% of the duty SiH3-@H,-BiHypul sed RF power

preferably praovides 13.56 MHz RF power at about 10 toQ about. 150 W as
descri bed” i PisiEe Yi%féﬁ )nethansw, Low power depostHiSiHptdhayBaiGHoccurs at a

tenperature lrf_agg?ﬁc%c}%gngbout -20 to about 40 C §@%T¢1§ggg{zg§iﬁr red

t enper at ure range eposited 30 filmis par ymeri zed during
deposi ti on an2tbis(rnytingtsilams)ethand, s conpl et ed dur i CHy-SildsCHi«CH,-8iH,-Q; of t he

film 1 4. APR 2003 Typically) any or all of _fhe ch (..l ining) gas

i nlet njﬁi fgq'%l' rg]gqg}/:, support stem 13) and Sﬁﬂr‘éf@f:ggﬁ% react or

hardware is 1898riGinadycldfkand al such as al um nl(@iﬁf_jcﬁp?;di @gh | um num An
h i U.'S 0

exanpl e of such a CVD Teactor is described in at eft S, 000, 113)

entitled " Tirycloal,3 S\ crEgiDOr kG diaxy-4brdimuthylens -(Rily-GH,-SiHerb-hal (oyahicr 5
Deposition o LLicon. i oxide and In-situ Milti:; P izcd Process,”

i ssued to V\a{%'ﬁ etﬁy@sﬁ%m}&si gned to Applied !\&?Igsﬁa?b)%MHhe assi gnee
of the preserys-bisisiRRbmethylcheRlidilokhne)Ot Or 14 rai SiH;-@O)-SiHY4-0 susceptor 12
bet ween a processing position and a | ower, wafer-|oading position. The

not or, e deis(Irmsthylgisiloxanylimethangrandt he RF powrHxsSibhr 2-3-€Heont r ol | ed
b t : . [l 36 he: 2 18/mal ud
ohalog asserpr PGyt BRRE | NoF, ST O S  G ey ore

pul sed RF generators, that are controlled by the systemcontroller 34 which
executes systemcqntrol software, stored in.a nmenory 38, which in the
preferred enﬂ'@m’ﬁgﬂ?“%f‘gcm‘?%‘sﬁ@kvﬁr‘g%?ﬁ Motors and optical sensors are
used to nove and 'ﬂﬁé%ﬁbsfi'f‘cdti‘iﬂcdi’x%%éykbx?rboﬂfairﬁﬁg’atﬁﬁteﬁﬂei‘shPfo&ﬁlblyaﬁﬁﬁmh'ﬁSa
such as the throttle valve of the vacuum punp”32 and nmotor fof 15

posi ti o@Sng gaduallysinereasing temparature $os comveriother labile organicc groups|te dispersed game

activities of the.CVD reactor and a ferred. enbodi nent. .of e. lLer
34 incl udes BOHEF4R &i'?R°’c?Pf%)Sﬁ§°F |°6@ﬁj‘“b’i‘§‘ﬁ"‘&ﬁir$ W ﬁﬁ'&éﬁgé’gﬁ ‘ r‘é%."{“?‘hé‘?
card rack coathkétbcell foamGtractagnr d conputer (SBC), anal og and digital

In a preferred gap filling embodiment, the nano-porous silicon oxide layer of the

present invention is deposited on a silicon oxide barrier layer that was deposited on a
30 patterned metal layer by plasma assisted reaction of one or more reactive silicon
containing compounds and nitrous oxide, preferably using low levels of constant or pulsed
RF power. The reactive silicon compounds are preferably silane and the other compounds

listed with silane above. The nano-porous silicon oxide layer is then deposited in the same

10



I nput / out put boards, interface boards and stepper notor controller boards.
The system 20 controller confornms to the Versa Mdul ar Europeanst4ngbm3
standard whi ch defines board, card cage, and connector dinmensions an

types. The VME standard al so defines the bus structure having a 16-bit data
but and 24-bit address bus. The systemcontroller 34 operates under the
control of a conputer program stored on the hard disk drive 38. The

comput er pr aifMGhahbéraertd EVD Eydiéin iU #sened! of R BwedVand Ts ROMEL difiy 8 ©)
susceptor position) and other paraneters of a particular process. e

i nt erface benersasing tamperatarecprofite, sptiamaily t¢onabowt 408°Ci The nanospdshils siticor oxidé 0
and |ight pen 44 whi.ch.are depicted in Fiqure 3. In the eferred

enbodi ent | 4%t ARHRNY cappeRin the thous chaiher pierto dApRRt bF baeren ALy Buthes
in the cl eanesQRIN o¥the ] 'k g ingﬁﬂé} Bl
the wall for the servi?gagvgf:%og?gg@w%%th rmu%Pf%’gggll 0,42 gcgéls%?c e
si mul t anéouspulsedi R pawer. The diaerandreiap dayets ssrvebastbamidry wich growght the aanetgoroas
enabl ed. The.i.i ht (?ef; 44 detects light emtted by CRT display with a |ight
sensor in thsé‘?qq‘pmﬂ © @K pen. To select a particular screea or function,
the operator touchs lifedesi BRAISAER DO Uehbifted by pihdndRRi '

scrxn and pushes the bchttor) .gﬁ ?ﬁe pen 44.quhe tgu!():hed ar éﬁag%gﬁigggﬁ?gsmc
hi ghl i ght ed reattive, siligonzcontaming aompoeurglss A prefeged reaotivg siticorc containimgregmpound

conmuni cat i on t t he,ligh nd e _di,spl scire ferri t
Frg 4, the PeoedTRlale Roichi naREirEhing Pin Wi 1Y ¢ aho 2on W st coprithuath
410 t hat10r unsowet, of Fone4BoW! 29-1d Aot Y200EW 6P pulsed IRF pewer. 'Pilked I pdweF can
program code can be written in any conventional conputer readable

progr anmi ng PReRje athigherpeak power lexsls apd prayidrothie same tasel pawen dapuy @5 non-pulsed

or Pascal . -t o9 LS. € r | . Lngle fil r Ltiple
files, usi nsﬂg conc\?eagtal g’ﬁ‘gﬁ[pgcog%? llé?ﬁl't Q%&ogﬁwdhgtlgfg oﬂge‘ﬁ%éﬁf‘ga“‘?ﬁa@a’gﬁp
conput er usatdrerities tanlowudiBleaticacsrBtintsy and/ Hafrieropropérties, OT réthaining Edibonl O-
entered code text is in a high |evel |anguage) the code is conpiled, and
the resul t anBretesshly |na¢rlu4,esdefﬁgcser¥ GeH ari Grfglaprﬁﬁ ¢ PERYidsng Bydrophphic layer that is a
pr econpi{sed @M&ﬁnﬁé@&ﬁ y routines. To execute the Linked conpiled object
code, the syStemuser 1 nvokes the object code, causing the conputer system
to Load t he code The neactive silitorooontiining dompoGhts arearkidiacdldwitgcddpesitivh @f thxeie

to performthe tasks identjfied in the, program,1~5 Fig,.4 .shows .

11 bt at vl e Yoy platms e RaRseri it sapem Viich if fred Hiring ghe
conput er  pr ogényditibh proctss B decimiptisitiol dTTRACAS e SontaitiHpCsonitin® s8I &Snitrous
chanber nunber’ into'a process sel ector subroutine 420 1 n response to nenus

or screens doxige £e@).oNitrouns oZide dassinoreany withoyt iplagmaiassistapen apd theqaxygen-

i nterf T ' . .

necessars? « oMEpBES BGRE 28 kebal Brikeh OFIHRR eI Ui Bl bRREERRe PALAIF LiBEH

gr edef ijned Seéntﬂmr]]igﬁ%o&mom. milees?dxzd anilmuundﬁhdhmé itmeocéxﬁimd kmfal(ce? ?m:hl ats a
esire rocess c er on a,clyster 00l Su as, an ,enf ur g- atlo

(avai | abl e fP?ﬂﬁWE‘PY@(PfW‘T% ucton sybstyate éﬂw@"‘("‘i%?%é‘%’c’%‘g‘- i'haﬁsﬁ’qs&&s Bl o

process par am%t&&%wﬂﬁﬁanw a?%ﬁ@é@p&gﬁ%@éﬂ??ﬁ%g?bﬁﬂng frbiATabBE¢ 36V (& dbdut he

desi red process. € process paraneters P mng a specific process
rel ate to pr45eRS peeferdblyi aboge sboit 408 *E<p stabilizetberbardpr propemties ofjthe films. The
conpositipn gnd fl rat es enper at ure ressure | asnma_condi tiQns._ . suc

as RF bi pams‘téh?&ﬁrﬁ'fﬁfdg'ﬁe a?ibonr f@t%tpt&%rf’vidé_ 5 RIBBYPHY ’gﬁs‘_”‘g"‘p
prrssure, angobmteferably inchileh O-Hi ot €-FOb6hdIt6 provide defydisphbbie filiPthat is arhe
formof a recipe. The paraneters specified by the recipe are entered
utilizing thexesligntmeistureamieroni tor i nterface. 30 The signals for

moni toring the pr : | ﬁm éﬁ'&ﬁd ngl L W aced hsbbit Rlaving Rt
boards of system ggﬁtro ﬁ?@gﬁt&h{j e Sly na séf orsggsgr?trgf ci ng.ﬂt es pr ocesg_are
out put on t helaamalresstartingluding acreatitipn tzahe, ausubstrath dialdds farfpositioning s substrate in

controll % 3£tllic tlcSactionl zgne'?\léla;dzg Q.'gcuum system. The processing system further comprises a

gas/liquid distribution system connecting the reaction zone of the vacuum chamber to
supplies of the reactant gases and an inert gas, and an RF generator coupied to the gas

11



A process sequences subroutine 430 conprises program code for acdepfPRh@03 he
identified process chanber and set of process paraneters fromthe process
sel ector subroutine 420) and for controlling operation of the various
process chanbers. Multiple users can enter process set nunbers and process
chanber nunbers, or a user can enter 5 nmultiple process chanber nunbers, so
t he sequences subroutine 430 operates to schedul e the sel ected processes in
the desireddpeibirioncsystent ferr gdleratinfa plasine e inge '

conput er readabl e prgtgr am code to ger?orm t hgﬁsl?gég{sdhg%dl?i }ﬂﬁgmﬂeﬁﬁyﬁ?ﬁﬁ%
oper ati on ofurthes comprises acontrblerscomprisinges computet farkonthiimgethe plasmalredatar,

used) (ii) determ.ni.ng.what processes..are being,carried out, i,n the chapbers
bei ng used, %ﬁsa‘%‘gg‘i@ (VN ﬁnﬁéﬁftﬁ-g gagg'pt,og.@%g,adggggrymgddﬁthe °°““Hg"
avai | abi | i t yheOnetnd¥i/O i °d|ﬂ[rﬁc&%§ k2 d
Conventi onal net hodgg %ﬁﬁ%ﬁﬁg ?é\tgﬁ?ﬁreh%%ecgiss chanb rds&}:égﬁ %ﬂgﬁqjugégdf&%bé%
as pol | ihg. prgremaoide ot selecting thh ppocssesteps of depokitingaxiowediclectrie coastantniilas
subroutine 430 can be designed.to take into consideration the. present

condi tion of" 'ﬁ‘_rﬁbPa‘ﬁ‘B&@ @8??&1‘?8@‘"‘5& frganastigxane ?M&P&%‘ﬂ%ﬂ‘ﬁ&%aﬁesi r ed
process condi ti oThef Bfocassifg S§ERAT Rthyd id@Rs ScondiriseNH 'ohe CemBbdiRest" computer
particul ar user entered request, or any other relevant factor a system

programer deasiableprogrammegdedor selectingithe ptosessgtaps of depnsiting s lingrrof the exidiged

Once the sequences, subroutin 30.det eni@ne ich process chanber, and.
process set %5% i"hALT SR gurbagid%gosetglgo%d@é%ﬂtd&ccﬁ&Fa,yc{,ﬁgaggﬁﬂx@gedgposmng
subrout 10e 43dpFing IHfer OF BEbxididedbrghiesipheeampowd, by passing the
particul ar process set paraneters to a _chanber 20 manager subroutine 440

whi ch control s mifurther dessription of thg inveatian will be dirertedstoward aispacificapparasisdon g

to the proc er L1 e out | . e)
the chanber Shavages AENEPSGRF it bRs ERHCOCRE pRYRIH B n 3 kil PEFIFHRY
CVD process gapdilliig filifis.i N the process chanber 10. The chanmber nmanager
subroutine 440 al so controls execution of various chanmber conponent
subrouti nes which control operation of 25 the chanber conponent necessary
to carrygout eSS t. Exanpl es of chanber conponent

subr out ix?les %ire?\ps%{?(:ept o?l%:}gﬁrﬁg?“gﬁbrouti ne 450, process gas control
subroutine 460, Dnessuitable CND plasma bbeaotor iimsvhiciDa mizdmideof the pteseidt isvention came
480, and plasma contral subrouijng 490 ,Those havi ng or.di nar kill.in the
APt voul " r SRR Gl ge ARo ke B KRR in N Br AL TRES BEUCh B 06 4 Rasalel A1

i ncl uded dengealicad VaBotiRposiicit $ERRT Y Ravifly G RighSFachfimPfe flor nRéhckdr 1de
reactor 10. In operation, the chanber nmanager subroutine 440 sel ectively

schedul es orcoptalinssa tgas distobwtirn manifeld drit fog wispersinigprocess gasesothdeugbeperforated he

Sibr out Phe MRSSBTBEGBIqR 4 Pibsrks o SRR 106 OGN UEE reo S ARRRRE AAPRART
t he sequencegsiateWirsusédpior #BWhicH Bdtised onflowbrefricedift fiveorbiy. Al liqeiddinjectioess

set is to be executed next. Typically, the chapber  manager outi ne 440
i ncl udes st esy§teay (nasshoym).nguch As WE&CF'BU§5%§¥(H&“‘Q:§H%W%?%§E§%{ By alionBe 5

whi ch conpo L. : S tke: pr [ f
R A e e
conmponent SUAMAT i Gas rRregisioni Lifjuicd Injectionn Systemi GGPRIS) amxdt aheriAMAT Extanded

ti f_particul hanb , L Subrout i il ] i bed
weh T e orRBstgndrighia ReREr SySeRRERrT. o braisbleamb apriiE A RS 4o

conprises 10 progTRENTEReUR [ inchitizs Hehting)of ﬂ&eameéssc%aawwwbs&h@,t sitheasubg d
to Load-the substrate onto the susceptor 12, and ?{p ionally to |ift i%%ez

substrate t oresisties heatinghesilghénot shew) ercextemnl laupsdnebsaevay). Refermingata
bet th ] i i QUL i
oubstrate | sSSREEAeR1E B0ohiiSa 8° s Rubhist U 93 B M 1Y EihdPung water

recei ve the sippeftediion, the upper surface of susceptor 12) can be controllably moved between a
30 lower loading/off-loading position and an upper processing position which is closely

1.

adjacent to manifold 11.
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and thereafter) the susceptor 12 is raised to the desired height i1 &\Plf
chanber, to maintain 15 the substrate at a first distance or spaci z‘g 4%
the gas distribution nmanifold 11 during the CVD process. In operation, the
susceptor control subroutine 450 controls novenent of the susceptor 12 ' in
response to process set paraneters that are transferred fromthe chanber
manager subroutine_ 440. The process gas control subroutine 460 has program
code for control | Whgnpsuscenser 1@ ends thonpafer tarorin apricéssimg padition [Bhahey agess
gas control subr oaléi]g)g 460, contral s the open/close position of the safety
shut-of |+ vaiKROuD & Woinsulaier 17 and pracess @aspsexhausy inte ninaifold 24.  Buring
obtain the ' . . ke S
“nvoked by (he CRaRLEDciid M, RE T enAltd Sl YRl WISt
conponent s safithesafere s\ vaoudnr mmep 3Tkavingattirbuele vabgizontrols trohamst FtOof g436s
process aratgete*;s 25 related to the desired gas flow rates. Typically) the
process Sas OMthoFamhsTout i ne 460 operates by opening the gas supply

| i nes) and repeat L )oti ' DA hd Btser I [ 1)
conparing the reag?t;?gcs%%m?ﬁgggggilér 25’ os\i/%rsgta)eag recéiélagég %rggﬁrg‘{?ﬁig%é%#er
manager subrlinesi Iideintpl® mizing system) 1 Sasthers ttheygart kembined andttieen seht tomangifsld 11.

supply Lines.as cessary. Furthernore) ¢ rocess gas control subroutine
460 i ncl ude_sG?Fé ,?lierprgée%ﬁ?elsa}xg [‘P%felil)‘gé g?'q the pragess GF“EIH_Eﬁfdé(’r)éP )
and acti vat 'ﬂﬂt%?ﬁa?&%%ﬁéft shbwhy Bbd can b2 w¥Eto MiEin Ak ally SAMEMERNY Shiidl dHihle Flow

detected. 17 1 A~ APR 2003 In sone processes, an inert gas”such as helium
or argor@i s ¢f preeessi gasointc¢her chambsr, @@ (i) wassbflow zentrhlerpr(aiss mot shown)hthat
chanber before reagtiye process ses are intr.oduc i nto_the chanber,. [For
these procesDERHIE fe {5 F £85 Deih e ear Sunnly s i/ hen doie Eaies greased i ths

i ncl ude st epgrotéys, fsb@thin@afelie shittF vafes! ﬂ%opéﬂi‘l‘i‘oxﬁbaﬂﬁ’e&cﬂogisofmp?lr}' MU ©
of time necessary to stabilize the pressure in the chanber,” and tHen the

st eps descr i ¢anyentienabcopfigusations.carri ed out. Additionally) when a process
gas is to be vaporized froma |iqui recursor or_exappl e

T 5o tr s | anacy ShEAEREHER arsstiestocBed izathh 10 8in &G E porelssma RERFeE be
witten 150 i aflaugtdied sutistrhierpddedisll rng plasHifl énhancedIprocdibiC naf plasthi Wradeks, QUgh
the liquid precursor in a_bubbler assenbly. For this type of process) the
10 process geentabed plasma, iy BpiGaty famued adjacent do thavaferohy &F enrsey epplicd; i

th A b o t £ '
Obthin the quzitgb waBe bl Som 30 dolfer YRR GRBCSRCHEE: 117, Flliiedl
process gas Altematin¢lgsRE pewtr candfeqrovdided o thé susoemorkXsorgRE powert canlbe provided
subrouti ne 460 DI 0CEeSS ra rs. .Furthernmgre, the progess gas ,contn
Subr out i ne_ 480 e dampondits &Y GEGRL rengies naF bl bRy O3 oo Sgp 1 AUbEY o1
rate, bupl egingfe G MBI Requefiéy RFQRIWRE 1b RARAICRItHE AeddMipdsition WTTesctiVe RPOGGS S

gas flow rate Dy accessing a stored table containing the necessary val ues
for a given intteduesd igtosthe vaguwn regianel §. ha misedEequepcy BF powersupplydypirallyd,

the delivery_gas. . flow rate). - pr e r r

noni t or ed, CS’%?Z‘F%B&{’E{ hae%ﬁt‘gﬂfgsﬁ@g@ %‘?\@d%ééﬁﬁg @Jhg?gg'rw&? h}éf@m%ﬁ’e
pressure conil ahdatarnewtRF dreduéhcy GRPL) S£I6(OKBIEI8 ThE eieepton 12, OTHerstlidon ruxidehe
20 pressure in the reactor 10 by regul atin? the size of th

ﬁ openi ng of é(pe
throttle val {ayersmof the PESSSRI Ve iaRAre mostpesterably nypducse using ?‘Mgews Tpuls
throttl al ' %ﬁ glsgq.g s 6 QU REe!
in rel at?zl%n }’%’e![sﬁoeﬁ?%l;[ qu‘%?ggclzgglspotha}g lﬂ]o SP% 0 geﬁgq%?ﬁggggg?iagnber and
punpi ng set powet atmabeuts20 to dbout 200 Wediringsabop i t3zhour\BeY aftthe dutysyeleeNon-
control subrout L PRFbower preftrsly provided I3 SEWHE RF Sowert Mt 16 &S HP18°WPLs | S

recei ved

described in more detail below. Low power deposition preferably occurs at a temperature
range from about ~20 to about 40 °C. At the preferred temperature range, the deposited

30 film is partially polymerized during deposition and polymerization is completed during
subsequent curing of the film.
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25 as a paraneter fromthe chanber manager subroutine 440. The qzegaggﬁﬁ
control subroutine 470 operates to neasure the pressure in the rea 0
by readi ng one or nore conventional prsssure manoneters connected to the
chanber, conpare the neasure values) to the target pressure) obtain P1D
(proportional) integral) aad differential) values froma stored pressure
tabl e corresponding to the target pressure, and adjust the throttle 30
val ve accordi ng tTypitallyPrany air adlsofotht zharablerf liming,t gz inlee wmnifold flokpiate, support
Al ternati vel % tge essure control s%gﬁgutine 470 can be witten_ to open
Mrl t?&i har

or close th _"%%9"(?@‘?‘3’ TRackly 815 Bade prgoismateriabsuch s alinainumeor
reactor 10 t.g 404 dbehidfith. PT AT S¥hfiple Wt suct é%ﬁ zlﬂzgor-r ﬁ%&?ﬁﬁ&f incgl:;#.;?%tfnt

subroutine 4 conpri ses program c%lae for contro g enpera
the heat nmodi0eG 13, entitiedit FebrinebCVDRECVD Renetdr tand MUsa tfort Tieerfriab Chérhival Vdpor
The h ' i I j k h h

e heater Zﬁntrol sabcéﬂutlge 480 is al so }/_o e%tlby the _chamber manager

subrout i BPOSHIPTY G Dipxide and; In-gipu Mujti-step Flaniarized Rrogesss dssied don¥ang.

The heater cgnjr | S0M3 SIAE € fhel uring

vol t age out put ! o@lda&?%grg&lrr%dcggg?e | otggtmg’dm?'h&g %ﬁéep%'oré‘&gsgxg?r{r‘ggﬁgé' t he

measur ed t enper at Theliftandtbe 14 stisgs andioweespmceptor k2 batween a provassiisg pusition and
nodule to optain the set point

decreases curyent a Ih%g.to t he heat
tenperature.? T+ BAGE mgepqsgl%?fgﬁeﬁ%%%ﬂaﬁﬁﬁsmxmaﬁegal%m e By power
| ooki ng up tﬁ@pgnns 930 QBAtrAMtkd! ByRSH e Soritfdller 3k Yver! oMM CHisOlk, t %ﬂl;rﬁgac%r

by cal cul ating tthe tenperature "10 Using a fourth order polynom al.
heat €T dént rincludebhanalog asserhblicsy suchuas thyss dlaw carteolizrs MPCs)pandostandard enpulsedt

lied to the heat .nodyle. Th | / down, | the life and
Pl ot 1 oy BE SoEtandR, el arn Ao IRt Rt h cftlier ' PR cherRtessaetan
be i ncl uded e somiaRisnies i §aldioly SOTMILRRC e et EmbBUimePHS hard disk

operation of the heat nodule if the Teactor 10 is not pngerly set up.
The pl asma cdmve. dVotar andioptinal semsors areused tsmove gndidetermine therpasitioniof gnaviableRF

bi as vol t age_pawer | evel lied to the process.el ectrodes in,.the reactar
10y and opt | BRSS! Bl i s, Be PN VR B chiin Rhri R A BB Bt
react or.155i @&@ﬁoﬁ@gm&um@qugsl y descri bed chanber conponent subrouti nes,
the plasma control subroutine 490 is invoked by the chanber manager

subroutine 440. 2@heisstemreatroller 24 sentralyiald of ithe pefivities ofathel GVPoreactor and a

illustrative S ' . SUC: .
Cycl ot ron 1 cRBAERAGondiien Ur1RE oBURIRE S el Ry WARRY ok UERe Y ApEARE Hive
density pl asamd £vpddack. cHes cand rackeohtains arsimgldsoacdpdmapwter (SBIC), analopnd/digital
variations of the aboge escri ped s%aste such as vari atiﬁns in sui_ﬁept or
desi gn, heat EIPUHRYPYHDoxE 0} cgpo ﬁgé\éwpegnm&'ﬁ%@ FTbQA¢se r 4 D System
possi bl & 25ﬁ&ﬁf01§¥ oRfdims! 13etheaVersa QR6dular® Butipe R mmm{zﬁ% ShidlY defines

resistively heated susceptor. The pretreat nent "and d for formn

g a
pretreated | hgad, cdrdtdage,mandseannedtorvdimensions andntypes.i bt MMEcstandardsalgo idefines
apparatus or ,tq any specific exc| t ati on. hod. Deposition of a
Nano- Por ous gﬁ%“\?&ﬁ“&f%’é“ﬂ%/ﬂ&?ﬁ%guzﬁﬁ#%’gdt{%g’éggéﬁﬁdﬁﬁ ling 30 Process The
nano- porous sili cqRe@yite donydllerd4 dpetatdznarienthei dordl 60 coraputbpragath stored

t hreel ayer gap filling process as shown in Fig. 5 usjng the PECVD chanb
of Figure 2. onghe hard diskarive 380 Threpmpyterprogmmtigtates)the fiping, mixtre pfgasesy Ry

200 in the ro3ekPlevis, Mot pdsitf, Wd WRhdohsmeters of a particular process. The

interface between a user and the system controller is via a CRT monitor 40 and light pen

44 which are depicted in Figure 3. In the preferred embodiment a second monitor 42 is
used, the first monitor 40 being mounted in the clean room wall for the operators and the
other monitor 42 behind the wall for the service technicians. Both monitors 40, 42
30 simultaneously display the same information but_ only one light pen 44 is enabled. The
light pen 44 detects light emitted by CRT display with a light sensor in the tip of the pen.
To select a particular screen or function, the operator touches a designated area of the

14



| ayer is deposited 205 by a PECVD process froma plasma conpri si ng4aAPR 2003
reactive silicon containing conpound such as dinethylsilane. The deposition
step 205 can include a capacitively coupled plasma or both an inductively
and a capacitively coupled plasma in 5 the process chanber 15 according to
met hods known in the art. An inert gas such as heliumis comonly used in

t he PECVD deppsjtion to assist in plasna generation. A nano-porous gap fil

| ayer of t hedifPlayesRrest, and pushes thethustonderpdke perl 4810 Tha tohchedi ares changes itsy

depositing a,si i con/ en containing material ,that further, contains |

| abi | e organ P&B‘ﬁﬂgﬁi&gs?gié‘%&’@ ne¥LMesY %’édscéﬁfﬁeﬁl flﬁ&a&‘f‘{ t9Q stammpgunication

si I'i conl oxyg@ervwicen e ﬁﬂﬂ%eﬁ%&ﬁe%‘isp!@s%&eﬁor m m croscopi ¢ gas pockets that
[ he

art unifornly dispersed int gap tr1l layer. The gap fill layer is
preferably sel f plReferringitadFipy4,clhepeocesgant be itmptemegted ywsingaicompater tiregram

f d t he hyd [ it h ' t ai ni
compound o ATGRLT 379 HAF T OR8PSRI 8. THe ARG Groprem
then deposi t eddeddn e wiitien fodhy dohventiod &l coniputr a3ab1E Wﬁ e BAQFRSS
for depositing the lini n% | ayer. The wafer is then 15 renoved 22 om the
reactor 14. [e¥ examplg G800 agsambly dangmee,t GeCrthy or Passabr Syiteblei progmam podecisss

id PE i ol ng. ! f .t i di { AN
Cont ai ni ng cmorHiTS Finef fie. o Pufieié s ih & SomieRpha (G e B prored or

bet ween the stidedivddnta compate Q5adlSmediim| sidh dsayMémeySysRm dffiRe comsiRitery iIPthe
substrate surface 304 and netal |ines 306) 308, 310 formed on the substrate

20 surfad®. TRiEredhRedetaxs s iyarhigh llevel danguagm the sode i) sempijeds apd the resuitantng
| ayer 312 of =X 1 0§ 2 ' L] WlNalo®y RNl .
process | s 1 SoPBIEbdeE theh FkEd Wfin 3h obfeelodddUriidbiiBes WM bkl Boutines.
t he rrerr?r yh38T o)fcxaclf:o mhmiinl::cdcwmhpilcﬂlohjecg/boﬂqrtha ds?&tanrtﬁﬁe:ﬁwokwmcﬁﬁfj?tcbb@e,t 0
Fig. 6A) the PECVD linin ayer 300 is deposjted in e reactor 10 by, 25

i ntroduci ng £aRERE e, DT SYHem %ﬁdﬁhﬁgg Y GO Whic ithre?ﬁw repdsand
((CH3) =Si H ) ,exi heicBi B g@.ﬁ,? er gas such as

hel ium The scﬁﬁt%ghlag%nﬁ?\@gﬁne at lgﬂﬁggﬁ.gg}?g?& of from about -20 to
about 400f) and prHige4 abdws ams illhstrative block diagmni ofifhertdérarchical cantol stractatesdfy
15 to 20 C throughout the dgp si%ﬁon of the PECVD ti ni Iaﬁer. The PE%ND
i ning |ayer HHEOMPUIE REAFRBA L ¢ A USChEBISES & RIACESY fick NUIBPSr AC RIRRESS, bRl
of the react ini@nisdr nts Aprocess &1 tH0subfiTiRE 2903k lré’spBﬁééWo Rdrls @F s@L&HsldisplHRAM

to about 500 seem and the oxidizing gas at a flow rate of about 5 seem™o
about 2000 scuntheTRRTomanitor 4§abye using cthe dight enpd4 dnterfpen: t Thasprocrsh sets, angr

ybi cal Ly o PosiehRl i S prpet? paeefety RefRie] W Carl ol ppSRES profBiY 805
to about 280 |apenidentified toc predefimdeset nambersat The processuselectsrosubrdutine 4202the i)
about 20 Torr, preferaply less than 10 Torr, to forma confo

mal Sjlicon
oxi de | ayer d§leches (dnsued precess, chaplerson a;Rlesteptagl sycheds 355‘56@33 ﬁ'%!%fﬂrlhe
o oo > : _
reaction is %@F@g%f@@@g ﬂfa?cr%ls?%ﬁ, %@S@ yse[é&g'anﬂeslirh\ﬁ/’w@g% %}5 x‘é{gt&%‘z

to 1 Q00 Wc ower density less than about |
preferably a parametesemeded to apmyataghé pmeessbchamber fort perfioming the eyiredhprocersy

8" singl f hanb t high .f RFE f s I
D B e S B phedl Bttt B et SRR o e BB Bl
at about 250 tg, 16r éasifile, 30cedd phy tempositivn drideflownates,Nemporinge, pressal) plasial
KHz to MHz is optionally connected to a susceptor and driven atbat’g&té%o to

U

about 100 W <onditions sueh as KF-hiss powen levelspandninggnetic fipld poyerievs Bsgas

driven at abo : fCe
s driven ar Bisstregoa pebber Yol el aha AR plobRd 3 04 B AT, B OF 2
power is not fedipeedThd pEameters specified byrthe aecipé wrer emtered utilicimg ithe dightuper? CRW/
to about 150 W The ox]dized liner layer is then annealed at a pressure

| ess t han themGB’é?Fs‘PF’F%FFpressure and a tenperature from about 200 to about
450 C. Opjg onal | y,maﬁﬁﬁm Ri? nidtiitofing theGROGKIS AR pravil QT by the ABhlbg @ipubind digital
additional dielectric Nayers. The above process conditions result in the

dﬁposi E) i on of inpuPkEuls of system ¢ontrelicr3ad thosigaals freontrollioe the grefef»?rltmﬂl&é“éf%r
t he subsequen | . in Fig. :
The |ini ng I aﬁ)‘gﬁ%@?&.“#@ﬁ“ﬁ% ioggtgh%isrﬁ ‘gﬁgé %g&%u | ZIPQ#S CH bgnds to

be hydrophobic, and is an excellent noisture barrier. The process gases for
t he nano-porous gap filling layer 302 jgnclude one or nore of the silicon

cont ai ni ng conpounds having the | abile organic groups, the non-silicon




25 contai ni ng conponents having the |abile organic groups, and tHe} pepeillve
silicon containing conponents, and hydrogen peroxide (H=0=) which is

vapori zed and m xed with an inert carrier gas) such as helium The process
gas flows range from 20-1000 seemfor the silicon containing compounds, 0.1
to 3 glmn. for 50% H=0z) and 0-2000 seem for He. The preferred gas 30
flows range from50-500 seemfor the silicon containing conpounds having

| abi | e organi ¢ groBFRSEsD seAuescer subrautine 1430 @anprises Progrant dgle- f50 Gcespting fthe

He. These f|pw. es._ar iven for, a,chamber having a volu of

appr oxi mat e}cﬁengﬁga Lo _sg &W&‘E.mﬁ’rﬁ apyiogess ng&gﬁ g@%ﬁ’eé’é‘?%ﬁs fejester
mai nt ai ned eI 30! b1 i & RV f
the gap fil F‘?brfg“| aye%ms?)xg%'rl'he ge{lﬁﬂ% ?F%’?‘#}‘g‘pﬁg&éﬁ’%‘gyﬁ?ﬁ&aﬂ&ﬁ fﬁglwi{@&?ed
as shown i nusdrg cap@ntey precasy setvaimbers and process chamber swniberss onat wser pan emtet o
deposition of ,a.,cap layer 312 as.shown jn Fig. 6D, Curing is daone in, t
react or 50 Wlwﬁﬁ’??ﬁf% ﬁg@égrflw&ﬁ .saélge $°aY 'éb‘f‘Pé?‘é“qfn‘ga@r o%@at%?rscwuﬁ%
heating t hewéddctédpiicesses 36 thecdedirtd ShftiendeS PRIGHBIY We sedi®nd Rubloblind'430

| ayer is preferably annealed at a gradually increasing tenperature to

retai n gasetnfdudes gnmputer; seadabl programicedeo ta ppiferny the Isteps ofn@) monitoring theer ¢
th ti onal ' ' t 0, di dpni ' .bubbl es..

that Car e r oPRFANOR fof T ofieed bbelzC1o” §BGRRE 1f The LREBRHS el Yimd Ytk W
structure. Qeehfifniig Schad Phetabsed20¢ Being Gartivdi &t Sin ke @h4ABérs Neirlg WRdP&Id GH) Of

about 10 m nutes) includi ch gradual Iy raising the tenperature by about
SOC/ ni n10t o exequting| the desisedpicssbased o 2valability ofr processsehambien and itypenof

gas bubbl es_can. Ol | Y] t e AL I r d

By cont rol | PREEED SOt o, ChiRitial euits P ERGAHAE Bie prfBes cRibi s FHE
film Refer benged,cuth gs péllingaWiseh sdhaiuting whichoiroédss isxa bef dxetrted) thegeqtenter)
the reactor 10 15 optionally resunes deposition_ of .the reactive silican

cont ai ni ng SBPRIBHRS A3 Fands,designed 1o Jeke, inte spnsiderntions thegpresenteprdition gf the

Fig. 6E) af RN : : | |

Further annERoss® bl el 1saf i ARidaisort Wik vl WesEP 080 chbfiond Ak
about ZCCD)‘S t aelebied praicess, ©r ttiee tkgic'{/gt_' edch paﬁic_n}anhm enterad xiqugsnmdnybgms g:iéyansd
wat er . caurse rocessi ng condLtions W var aCCcol di t the desire
Char act o | S RIS LVRISTE PoREABIEE Resires 1 plide Jor et Tini e srisdb og BRa S, ch
i ncl udes a nano- RYRcURe SRR sabrofiisd Mdét&nﬁx?dé%hibﬁ?xﬁwg&gghhﬁb& &idpRocéss A

first dielectric layer 510) preferably consisting of nano- por ous
silicon oxi det lcemnbinatibnt isegeing denbe ienccutad pext thed spanehees dsubrousing eauses

oi 11 con_ car BRARHRRAT the Biestiet bf RarsBil (8 padichiaf BRheRis bt bl VX R °
The et cl20st GRariagert sibowtBiet £40NGidch Corftdls maltiphepropesingIsske in & peocessghamber 10 as

516. A second nano-porous dielectric, layer 518 is then deposjted over the
patterned etaspordingptosthe Rracass sefrdetermined; by thersequenceresubroytine 4300 ik Sxamplige s

520. A SN0l ifie ShGHBE Hifthded Spbrfithe 140 UolikistL piiCcddie it ZconubflingBVEDO03

I nt erconnects stop and to‘'etc e unprotecte ectric
exposed by tprecessbperations it thia peicess chamber 10heThdehamber amnagerisabrouting#4€f asa ed

dual danmmscene structure fabricated jn accordance w.th the invention,.

i ncl udes a |599FRE FXgRHon, cﬁq.gxl?_qré:_omgppc ﬁHb‘P\ﬁ@“%e‘Y‘H@a cB‘fqu}ré’Pfﬁaﬂﬁn Phe

structurg i Sthé_cﬂﬁﬂﬁ&“bbﬁbbﬂcrﬁ'@ﬂé&&ﬂ? td Ut QRé Iskletted Ppradess SetS AERdrhpledbf h
S

are cross sectional views of a substrate having the steps of the invention
f or med t her echamber component subroutines are susceptor control subroutine 450, process gas control

Di

subroutine 460, pressure control subroutine 470, heater control subroutine 480, and plasma
control subroutine 490. Those having ordinary skill in the art would readily recognize that
other chamber control subroutines can be included depending on what processes are

30 desired to be performed in the reactor 10.
In operation, the chamber manager subroutine 440 selectively schedules or calls

the process component subroutines in accordance with the particular process set being
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As shown in Fig. 8A, an initial first nano-porous dielectric |ayerqzlfpp 03
deposited on the substrate 512 to a thickness of about 5,000 to about

10, 000 ~) depending on the size of the structure to be fabricated) and is
t hen anneal ed. As shown in Fig. 8B, a low 10 k etch stop 514, which is an
oxi di zed di met hysil ane | ayer as descri bed above for the three |ayer gap
fill, is then deposited on the first nano-porous dielectric layer to a

t hi ckness ofexadifted. 2PRet t '

| ow k etch st 8%9514 IS tdt?g%lb ggtntlayrag&e?éurg%m%oug@f%cﬁﬂﬁe%oﬁﬁg%rgé%p&&

openi ngs 516ubrogtines simidasty thdow tint sequeneeposubtsutitle 6436 dhiedulba wetictD prbdess
the areas wh rebt hi coratactslvi as arg to be 15 forned as shown in Fig. 8C
Pref er abl y) PBRPR L0 ANdSRropess isat issto,Be iexpquted astd Timicalye ks ehambsn ananager

phot ol i t hogrsaRRYLAE 46 trictudet 9&6§§]ﬁﬁoig§6mﬁ the Lgb% icﬂﬁn!g%%&:ﬁlgp%%x@ Qe@AN G

ions. After low k etch stop 514 has been~etch to pa
cont act s$ vi ashigihdompengsitoneeds de ibs toperatedimsed or thevprdpess pamamess farrthe processs

dielectric layer, 518 is . deppsited over. etch stop 514 to a thickness of
about 5,000°% ‘°a%°of?i°°P(siﬁoB§P%“a’§g§H8?)d‘\’°P r??lﬂi ‘3‘3‘"55) COMPORARf SURTOUHRS, TeARPREAYCed .

The second naRg: MERiedng il Redrinifing siépd, 518 i's then patterned to define
I nterconnect |ines 520) preferably using conventional photolithography

processes wth a @pesation of ipatticuley ehabber componenh subroditings éill. ndvnde described

I nt er connects.,,and. cont acts/ vj asare then etched using reacti.ve ion etching
or other ani"Gy f%'ﬁf‘:@c%?%#ﬁ%g&'t :@ﬁn‘?‘ﬁ or; ?"%@?ipﬁé‘“f’ 8 Y ‘é’l“?‘l‘"zé?&&ﬂmpns“
structune (ipreégram!difle!foF EIrb@NRRChamBer EtRicHehls\that arSsed RO Wadithe SiBsiritd gh

8F. Any photo resist or other, material usod to pattern the etch stop or

the second dhepuscentpt 12..and optiomallydo liftthe substeatertg adesised beightdun thereantorothier

sui table pr I1J zati O crure. i hen f.or ned. w.t

conducti ve %g’ﬁ §§1| tarﬂzmgagﬁé%g a gnql %Jﬁlrﬁi'&é%p%lgrt?elgasné‘gﬁﬁagq %ﬁ#ﬂtwa
thereof . Preabstidiyis lobdedtin@itie reactop 105the seRBStor 1 Disl16Weicl 16 rezeive iy subswdteyr €5
due to the low resigstivity of copper (1.7 pS !-cm 30 conpared to 3.1 ~-crn

for al um nurdpd thereakarathe susceptos Hgmrqi-wdm ¢he drsjredihejght; inthe-cipgmber, ta maintain003
Lo AR e i . A
e e A3 withe SRl st Altadte i sticidd B8m de bid SlaiBFRACRuRRIF T bRAAT N

sur r oundi ng GVDi procesaadh operdtien,ah¢ susceptat eoritwl . sublontine 45 conteodp proverneit ofs
deposi ted ust{;ng ei t her %c,hem' cal vapor deposition, 5ght¥lsi cal vaPor
f t

deposi ti on) LSBT at 4 1R TP HH PRRESTSHIRE RATERE at prsr fransiaried from the

conduct i ve Shatfbetignaden Sbrbhtthedgouct ure has been filled with copper or
other netal, the surface is planarized usiﬂgg chem cal nechani cal polishing)

as shown in Fig. B pcesssgas gantee) subrouting 469 hesprogrash codecfor dentrailing piogessed

di met hysghl a I [ 1 Y L..betwee [ tal ~di e W ANS
| ayer a?g a[kealsn Sret ot a%gngg‘gg@ge?js @?Je eogfsrs [ gasl ay@ﬁf@t@ﬁ%ﬁﬂi@ﬂéﬁ%fs gx_e
- The oxi di zedpén/cidseposition of theyafety Ghat-6 £ valves) Snt alboaamps Rp/Ad6whahe fhasd flowr i C

| ayer 610 such as a conventional PSG or BPSG | ayer and then anneal ed. A
nano- por ous GoRireHers ta obiinthe desired gag\flaw rrte;) The Prresss gap sentrrd subrautines460nsn

q L ed dhesi _ . e .
P oon ni priyetdCbR e el Y RinaBtrl o G AP e Sl b it
convent i onal subsnitinds; srd derkives vom sthé 2¢hambes enanagern subveysine oprocdss t parameters
di el ectrj.c | 22 is then d i ted th tterned t

hen' pariser e, dhated Bas APE i ISPIeait e BRoceR e coBlrilsobpeifing X00.
then perf or ngsérites Bplopering fiee gat @ppm&aﬁ{) sndifpBatédly (f) Geffing thel iePesB il rhaks

etch the unprotected dielectric exposed by the patterned etch stop_to
define the cdewsontellers(ii) somparing the readings to the desired flow sates reseived, fipm the

W th the i nvilifiudh maSSRsbinoliin Pdtn B AR Bscene by res BYIE gt sbpfy A" C
struct ure i sasSpeessaty.alFuythempore the protessagas @ohtryl subrditiner46 iheladdsOstepsaforch

are cross sectional iews of a supstrate having the steps of the. ipgvention
formed tNer etaﬁpltoriang Xw gas fPow rates 1or ¢ rates, an acrt}vaﬁsng e sa.tfety smut-oﬁ' va?v&s

when an unsafe condition is detected.

[(®)
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25 As shown in Fig. 10A) a first naao-porous internetal dielect r1i4;AP&}093
710 is deposited on a substrate 712 to a thickness of about 5,000 to about
10, 000 ~) depending on the size of the structure to be fabricated. As shown
in Fig. 10B) a | ow k adhesive |layer 714, which is preferably the oxidized
di met hyl sil ane layer) is then deposited on the first nano-porous internetal
dielectric layer 710 to a thickness of about 50 to about 200 30 A. A
conventional si | i BoiPMsPr@sesses, an|inerh gasnsuch s belium ror argan i fowed intocthe reactor

about 50-to bisifaBifige the arésonts i e, gzt Elors FactyR Prostas i ¢ rarodiced
preferably tikf ond @l di h ~|§ﬁ&%s | ' ef.ch
stop 716 to la t hi c%rtllg@sgmgf ngﬁogité% to %cg%g{& Bi(.)%e%q%ﬁce&gt&é”sg?gg 1%%gn§
adhesi ve | aypogrammgd @likchde stepe forfiawiag thecinert gds imo dhef chamlteh 0 fonamambunta

[ 720 _ and to 5 f.l. - po. | nt tal, dielectrigc |
2001 0t fle- op'otoe IReRsRN Sehiligs the Rpssurecindhe shifabery and dhon ey iams desctieg.
10C. Prefer adtow} widifid 8k ChrrfddOdut.” WiiditorRBY, ! Wieh £pidesss pi3iio %o 60 @gﬁamea Hom a

[
phot ol i t hogr aphg and etch processes using fluorine) carbon) and oxygen
i ons. After {qwidepresusonp for e=xampleadhdbsitusilanagysiohexant, thes phecess hgasn centrdled

' d h i st h d d
16 hanos por UETiRE S Yol BY Sminta B Rofiel 5558 cof BEnRIGTH a RlVEY dasCuf S
adhesi ve | ayigdliufil thrb@gtftHe idiid peczuRbr B2 BlibblerOdferhBlya Fy#!thikGyHO6f gro@_&s,s fawn

in Fig. 10D. The second nano-porous intermetal dieléctric layer 722 is then
pat t er nd@ t oproesss ges icanolcsbrastine 460 aegulates the flow-ef thel deliveryngascthe\pressiwenial

phot ol i t hogr 0CEesSSEes W hot o _r.esi st layer. 726 .as_shown in Fig.
T08 he | BPkRlE: SRR bl frptphed i eder o BBt ARtiofire ghidss B Pty
i on etching kesOtArdis@Rbed0dboRs, the Béstial PEbceRGIAR fldweratds Arél@hnsfé@rdd® the process
metallization structure ( the i nterconnect and contact/via) as shown

i.e.
in Fig. 10F. gwnaﬁbﬁebrpaé%ﬂ%%as pracess pasmatersy Hurthermerep thet prpeess igas sentrol
stop 716 or 0 na- i . | L& ' e i
renoved usi ngglibg?\&g]%y@nﬂlg@?%&ggy&rﬁg%?Pgchgk'g%ﬁf:%ésﬂsv.% drg%s rr%‘?gﬁ Py % b|h=c§'n
struct urks i sptessure,fardnbubblert temperanirel dort thealesipdédeprogksssgushfioms ra@ t ucdessing a
copper) tungsten or conbinations thereof. Presently) the trend is t@ usg’le
copper to foftPFedtakleontainpg thesngerssanyiyalussJox f EIVeRPrresss 823 Hpmpraly @B

(1.7 ~cfz- CThEQTHRY g%ﬁ:? are &b@@éﬂe{ﬂ%@ﬁgﬁg #Q%@MKO ratErtﬁIb%[é*iJré(sau&. NGB 1dr"

Fig. 10G a sul arrier s tantalumnitride is first
deposi t ed cotempenaite\are moniteredp¢amparaitoithenepedsanyrvalies apd adjmsted acqopdingly.
m gration intoth&hsurroundingfilicqna | or 25 dielectri teriahl. th
Thereafter, coppefBf PIERSWEFANERT SAroRInG 4/0:5OmATISAT PEASTIM F9AC Ao, ETOlIR the

physi cal 2(vapgfessl@® @ tHel refiotoe| ®BY répRlating Wb sify oﬁtﬁ%b&ﬁh% of thel thRytO{alvOirl tiem
t he conductive structure. Once the structure has been filled with copper or

ot her net al ) exhpustspumpci?. | The| izeaef theqonepinggofcthentheatle vakvealsi sehito sentrelntheg,
oxanl oo of Ghunth Biksstiicio B QRic Tevel il HidiO o 666 flc 156y phe o Psibdt B
2003 The f ol brotessoclexnttiep) &8 pernping tseapsindpressurd fornthefexhaust pampo3udWhen theon

oxi de based fil m having djspersed m.crqoscopi ¢ gas voids. This exanple is
under t aken u®FFgra CEH'E‘%i suBrouting 6?0 ¥dp °€Clw' ‘gﬁ Saaesﬁb%rr targehBresHrp Eﬁ”?ﬂg gecsivedy
CENf LJR. 4% " DLhK"y Ho?@f&@a%xﬁﬁbﬁn%aﬁg & Qibrd\iile! 880 VBIrRE | Grbsture! R6ntrol

Santa G am Califonva. Reactive con Co Ol_m(rjs Havi n? Sil'icon Hydride
Groups ( Hypoishberouting 470 operates tromeasuiresthe ipressure in the rncacteri 19 by meadingdensoeri mets

t hanb f 1.0 T d t t f '

Wi h are. vaSBI SR Brfish P RRE R STOEn i op hafgr iRt the fméldies
1,3, 5-trisi| aaRey e dexan: pidssuké ol PIDYgroparionkk integrdl; ahd differentia) A0S
seem Hel ium He, at 200 seem 15 The substrate is positioned 6(?0 Lr}.}sl $or7ir¢
the gas di st ffosua;stared pocssnmsdable samesponding d@ the, Brast Peessureeand, adiust the thrpgile -

i i g Pho TANBcRsRy & WA TRLET oRlShy Bok TR, ARfR uble, AIENLAR] the

400C t0 cur e pressurroontro] sikroutimeod b carube siritiendo apenchr dloseetlic ithioftle palve to a
Reactive Silicon ounds, Havi ng, Ther mal | bile Organic Goups
(Hypot het i calr)a“}f“%gg-“ﬂ&ﬁéﬁg t%ﬁgﬁ@ﬁgﬁmybt@e%eﬁﬁufﬁgipé'csa'élﬁbsi ted at a

chanber pressure of 1.0 Tea and tenperature of OC fromreactive gases which
are vaporized and flown into the 25 rgactor as foll ows:

Bi s(fornyl oxysil ano) net hane, at 150 seem Hydrogen Peroxide (50%, at 1000
seem Helium He) at 200 scan. 30 The substrate is positioned 600 m| from
the gas distribution showerhead and the reactive gases are introduced for 2
m nutes. The substrate is then heated over a tinme period of 10 26




1.4 APR 2003 ninutes, raising the tenperature of the substrate by H@cAPR 2003
to a tenperature of 400C to cure and anneal the nano-porous silicon oxide
based film Reactive Silicon Conpounds Having Thermally Labile Organic

G oups 5 (Hypothetical) A naao-porous silicon oxide based filmis deposited
at a chanber pressure of 1.0 Torr and tenperature of OC fromreactive gases
whi ch are vaporized and flown into the reactor as follows: 10

Bi s(gl yoxyl yi si | anoherdeaghsontzel swooutinend§q, demprses Ferogrimd eodes fow) dongrollingothe

TR e e e e

gas distribut
m nutes. The RéddsidontrBl Subrduiiie 43034 810 %kcdib% g?clﬁﬁibkpﬂaﬁigcﬂ&b%dﬁﬁqu and

raising the tenperature of the substrate by 5 mn to a tenperature
400C t o cure tescivannadarget, loe setpointp tempesatriel pacameterx i The heaterdohirdélnqubfeutine 480

Sili taj nj ts And Added. Thermally Labile Organic 20 &
CHypot het ol TR REt ey BPRTGRYE . Breiena s age aumed Af nobempoghe oo 2

chamber pressgiisgegtbr 120 chiiparedlle | AERAFA! tenfhepitu® toCtHe’ U1 PARC lenyferAtee
which are vappri%pgdr and Thown into the regb?lg’or as foIIows:ﬁZS and

Bi s( et hyl si | meereaes: lonndscreases] ourrens eapplied clod thed bastdoodule 80 obinmtiy deb point
Per oxi de (509 t..100 eem Hel.i u t. 20Q, seem 30 The substr.ate i

posi 1| oned 0BT Emprianredt oblRined e lnf aidfbue xntpee 1Y pokie pothe
gases are int toeesp6ading tempdrhilrs DSa stdfed corbértiontsblé,Sr 1duRting thediéiperature
time period of 10 27 1 ~ APR 2003 m nuses, raising the tenperature of the

subst rat elby BgUE @i feurth cxderpelmomialy Thst heptcopgolsibrousing 480 gesually, eontrols a

Component s AnfG AR ABRAT cAFPS Spiticd RSN meRy iR TR MR Bl ipcrgases
nano- porous sttid kferundrelisbilipSerithé hbanrhodulep Asiditimally, 2bulllantiar-safé amdsican ok

.0 Torr and tenperature of OC fromreactjve gases which are vapori zed and
flown into thicided:tgrdatect progessygafetyocompliancs, 3nd; 9ag shut, dowm operaton gf theybeat

seem Met hyl L€ ' rogen Peroxide (50%) at 1000
seem Hel i um Nﬁe@gﬁl@%é‘ggﬁo §?°%B%§MT e is positioned 600 m!l irom
the gas diS$tri buti Ghelawardontdl subebutine 408 aomprises paogramande fon setting) theRF bias 3
m autes. The supstrate is then, heated over ti eriod of 10 ninutes

rai sing the t &RPRSERANE l6\‘°Ht“ﬁ ‘@J‘BS‘S‘F Bf°é°i§y°35"(5’@ggﬁ ﬁ“%‘& repctox _e?’?Qt ?ﬂ"é‘“ﬁl}y' to
400C to cure 3aduRnROal of it MABNRCRAYpeRiblalcACR 1 Gbia Soflidrl ol the Méviotsly

t
the foregoing Is directed to pfeferred enbodi nents of the present

i nventi on, 20 desdribed shambern ¢amponentiutiroutiness thef plasma centeah sibrautingy499eis devakedd
wi t hout departi from the basic, scope eroof, and the scope thereof is
iyl a0k Ramaeet sty 440

determ ned by
20 The above CVD system description is mainly for illustrative purposes, and other

(1)

plasma CVD equipment such as electrode cyclotron resonance (ECR) plasma CVD
devices, induction-coupled RF high density plasma CVD devices, or the like may be
employed. Additionally, variations of the above described system such as variations in
susceptor design, heater design, location of RF power connections and others are possible.

25  For example, the wafer could be supported and heated by a resistively heated susceptor.
The pretreatment and method for forming a pretreated layer of the present invention is not
limited to any specific apparatus or to any specific plasma excitation method.

Deposition of a Nano-Porous Silicon Oxide Layer in a Three-Layer Gap Filling

30 Process
The nano-porous silicon oxide layer of the present invention can be used in a three-
layer gap filling process as shown in Fig. 5 using the PECVD chamber of Figure 2.
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28 14 APR 2003 CLAIMS | claim | . A nethod for depositing a IO\V1 APR 2003
dielectric constant film conprising: depositing a peroxide conpound on a
surface of a substrate; reacting the deposited peroxide conpound with a

conpound or m xture conprising thermally |abile groups; and annealing the
substrate to forma silicon oxide based film whereby dispersed voids are

formed in tk%f&hhg%"lrl )4, 40w RRE ?PJSitLernao?m e P&el&dl@fan&'a%'xlmoh  ox Y45 £skd

t he conpound or xtur conpri si groups conpri ses

fornyl oxy (GiyeDis déposited 205 byw B/EC‘(’DI-i(r@)ess @@m @-pldsmaocorfiprising & aedetivy bilicony
(CHO- O-CO-0O.-) groups, e.method of claim 2, wherein the conmpound

or mxture GBHB-FP-%E ﬁ@“\PﬁBﬂ%PF‘}/ ap MF@YEH&FDS%WS§@§ gep &%oﬁﬁﬂdl@bldec% ed

f I

o 201 o Sy Safe B B 7 ROMTE Bt Aol KRBl Lol

fll 2-bis %fgnlm/bmcys bm@wtlrsamrdingmm(tmdésdaww i thenan. eAhaﬂen gas such as
uori nat e

2. "The ‘et holgR 6| Cormerty ised &8 g héémgﬁﬁfo&t%%éﬁ%@b B EeSFRlon. A
th [Ty | d
ermally %'Q.hé ‘Bg@{uﬁ%&ﬁ ﬁmag@-gaf g\ﬁ%&ﬁ%cﬂt@g? rg; gpa%n PIRPEE e 15t Fyef

froma group o I one,
gl yci dal deh)b(yedepnxnmgng/Isgicynéoaygdneconﬂmnmgrmmphalc&mbd'mahe cmhtams lzbdylorgamc

nesoxal ate, and dic a drid The net of claiml, wherein,the
Tommoand. or EPURSLHA B0 RIHLIEH Ghneripe F F Gemhried SUicOmioky Ben pAmILB0E mAgiial i on
conpoungly Selggigh ?ﬂcxfors&?a grg{ gb’&eﬁc’tﬂﬂ atb 'uﬂﬁ'oi%lysdlﬁﬁ%d lﬂg.frllée‘éhﬁ E1138Fer. The gap

di met hyl si | ane, disil ane, bis(nethylsilano)net

1, 2-di si | anddt hacras ptqf&xabiyss(elfqﬂh;alrmﬂgd:y@)oadm:ng the hydrdgen pernxide op dlrecsurface
1,3,5-trisil a

oyel o 1, 3. 5 SATEATIRG) e 1y Sioeen aprsxide vish i ion, fopthining Gomppyndh gromixfyge that

1, 3- di met hy cogliptistO1BNE okgadid Uﬁ'&%ﬂﬁ v seihen d s&b&qxs%ﬁm fill layer,
bi s(1- et hylcgl splﬂsoxanyl fnget a%?ﬁﬁand y@l bi s(1- nethyl di si |l oxan§/ apg opaa%’eer

and f1 uori naweferably singaibe same processhior elspositing] the divings layet cFhec risrthen
sel ecteg froma %[ |st|{1g @)f met hyl mal efi c anhydride, 3

fornylo 9 2 TEMOY LT gﬂ@ %ch?&o A ‘dehyde, oxiranyl gl yoxal ate, dioxiranyl
carbonate, di oxi  RéPéiTingRe Pigdreé 6A-68) thethyeel ldyér gap fﬁlﬁﬁ%ﬁﬁxcﬁ .provigdes @PECVOf

claim1l1, wherein the conpound or i Xt ur e conprising thermal CP/ | abi |, e ?roups
conprises 1 lynz;g tlarweg 3Paeddhe pasxd&@drreactwyérlmn contaimng compound. The hmns ayer

1,3,5 7-tetr f S
or bis(glyoXy y S anoi.)s Pﬁé%ey%rge uor | na @r? ocHo%’llsaé% ﬂlll % | ves
t hereof. 7. t]libandsrt)hn@lsub‘strwdeam‘fade BOMmdmmltlims 3065[398,33% formed omthb substratel
by annegling t strate with e ure fil ri si.ng,a ugl
rise t 0%8 fi acg erpagplnpéonggag?ﬁli E&E‘E 5@0 @Obyi'ﬁ}mc?apwg &Y&?ﬁf’f of
wherein the eRGHREH Péactive tsilicdn CQMBIiRE %rﬂﬂbﬁﬁdtﬁm probésk &is qmmﬁermsmed
non-planar ring structure.

) controiled using a computer program stored in the memory 38 of a computer controller 34

for a CVD reactor 10.
Referring to Fig. 6A, the PECVD lining layer 300 is deposited in the reactor 10 by

25  introducing a reactive silicon containing compound such as dimethylsilane ((CH;),;SiH,),

an oxidizing gas such as N;O, and a carrier gas such as helium. The substrate is
maintained at a temperature of from about -20 to about 400°C, and preferably is
maintained at a temperature of approximately 15 to 20°C throughout the deposition of the
PECVD lining layer. The PECVD lining layer 300 is deposited with a process gas that
30 includes a mixture of the reactive silicon containing compound at a flow rate of about 5
sccm to about 500 scem and the oxidizing gas at a flow rate of about 5 sccm to about 2000

sccm. The process gases are carried by an inert gas such He, Ar, Ne, or a relatively inert
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9. A process for depositing a |low dielectric constant filmon a paﬂﬂééﬂggm
nmetal |ayer on a substrate, conprising: depositing a conformal |ining |ayer
on the patterned netal |ayer from process gases conprising one or nore
reactive silicon containing conpounds; depositing a peroxide conmpound on
the conformal lining |ayer; reacting the deposited peroxide conpound with a
conpound or m xture having one or nore thermally | abile groups containing
oxygen; and gaseechl isngitropen, weHicH mt@prcﬂli ﬁwneo@bht%t&ﬂiecmm? Mow J-aga of
wher eby dlspersed voids are fornmed in the silicon oxide based |In1 1 he
process of om abaut Qi do about 2Rdpmo Tho protess gases react ahaprasgure fiwm abdubrOa‘Z to

bi (1 or myl oR0e¥ 2N SHERRERDLY 1P B J B3I o e Gontormak sBemoxide 1iyer on the
si | ano) met haﬂsmbe §1(rfa‘é£ maemewhﬂmbw??@rﬂbm@% ion § is gtlaﬁmn a enhanced with

2, 2-bi s(fornyl oxysi | ano) pr opane ornyl oxysi
1, 2- bi s({z,l y@Wslpnatya)mgmaﬁemODﬂM/mﬁu@dlom Wigmh preferablyra phwendchsm)ekss

haavi ng one. SRR TS, St aiBierais pAEr SR Frveing E5gBhuna.| ingrout 03"

conpri ses aWifm?silicon conponent selected froma group of methyl malefic
anhydri de, 3-for %oxy 2,5~ furandi one, gl yci dal dehyde, oxiranyl -gl yoxal ate,
di oxi ranyl car borForan & single avafer chambenthe dighafrenughoy R apuemmfchppma@ly he

Phermal 1y 1 areavite SRRy RnEROUL b lsfbtith B aBR Bl AP far

froma gooupboht 200 Whevhile®! low freduefiéy RE W&tyéfsaﬁo@ﬂﬁo KIH2 {oNBIFEss bpHignally
bi-s(met hyl si | ano) met hane, 1, 2-disil anoet hane, 1, 2-bi s(nethylsilano)et hane

2, 2-di si | anGpRRASHEdk o B Susseptor @ﬂa%@pcﬂbﬂb&l&n@ tocglous-100 W. In a preferred

T3l bf oo | SABSRRG I Bpl Rty AU I Sriven aF sBTY 204007 81 BSed B
2,2bi s(1 - myiomer dhd itheoloan frequenop RFesousdedis fdriven iab absd 0c50 lvbaf ﬂ&waplpcﬁ&r

thereof an ﬁ_ln sili con conponent selected froma group met hyl
mal efi ¢ anhyYPF ﬁzposwa# BRtcRwiee; theippeich vebwy&@bly ranges from

oxi ranyl;gl y%ah@g@w‘%sa%%e By, carbonate, dioxiranyl rnesoxalate, and

gl ycidi c anhydri process of claim9, further conprising
depositing a capp’l'mgo:txdy.ed liper lalyer isi Ihcnmnncnled:iat b spressuriei less tham rthep deposition

gases conpr|5|n one or nore re [ silico tain unds

The process P3FSS @te%mﬁﬁ% #@JHGLB‘F %Ox%grcg’ 5\?% %ﬂgrco%e
thernally | adé'doiﬁ\d é ﬂ?er%ﬁésﬂid"ﬂ dradarisral HiSlestHe 'la%@

|, 3,5-trisilanacycl ohexane, cyclo-1,3,5,7- tetrasil ane-2, 6

di oxy- 4, 8- di met hymovgps(cmsm;xdm;zsrdsdw) thawlepesitian of a PECVD lining layer 300

T T A e

by anneal i nghbWv i P t6B2 The ﬂiﬁid@gay?hrbﬁfmﬁdﬁaﬁ'dtﬁ dirpéthflsilaet s bufeirat/ @ H Yonidsses
to a final tenperature of at |east 400 C 31 1A~ APR 2003 16. The process
of claimo9, tebshyisophakiccandinsmercsHentimaistiuee basisthg one or nore

The process gases for the nano-porous gap filling layer 302 include one or more of

pt

the silicon containing compounds having the labile organic groups, the non-silicon
25 containing components having the labile organic groups, and the reactive silicon
containing components, and hydrogen peroxide (H,0,) which is vaporized and mixed with

an inert carrier gas, such as helium.
The process gas flows range from 20-1000 sccm for the silicon containing
compounds, 0.1 to 3 g/min. for 50% H;0,, and 0-2000 sccm for He. The preferred gas
30 flows range from 50-500 sccm for the silicon containing compounds having labile organic
groups, 0.3 to 2 g/min. for 50% H;0;, and 100-500 sccm for He. These flow rates are
given for a chamber having a volume of approximately 5.5 to 6.5 liters. Preferably,
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thermally | abil e groups containing oxygen has a non-planar ring st1Au40R, 183
17. A nethod of form ng a dual danascene structure, conprising: depositing
a peroxide conmpound on a surface of a substrate; reacting the deposited
per oxi de conpound with a conpound or m xture conprising thermally |abile
groups; and annealing the substrate to forma first silicon oxide based
film whereby dispersed voids are fornmed in the first silicon oxide based

C e oepos kol 18 i Hlilitaflcdlhs '50fs¥ o 4Bodtd 2o Sddh 3B BEE BARRI A4 L

etching the low k etch stop to ne a vertica nt érconnec ning t

exposes t he gap flingslayerc302. The ¢gap fitlimplabér 302 miAPPspirtially tlred RS sivwmia Fig, 6C
conpound on the | ow k egc]ph stop and the exgose.d first silicon oxide based

film react fhgemaY Yelgbls congtitientsx surh oWPETREONAQ Hepasiianceipd Gri layer X asir e

T v | b | X . .
cecond si 11 SASVEIh Hie BB, Culhd P Sond B B DGR 0, b Sitg B B8 i0eH Bl
second s§| i aanosphierteuriies &0 Toir whileclicating thetwefersto googtessivel ¢ highertesiperansead

filmto define a_forizo E,al i nt erconnect that_ exposes the verti cal
i nt er connect openkit§BaP NG laystisiprefemhlysanspalediate smdvallyginensasing tempemsture éon

oxi de based L4 ' 0 ' f

0% de DASEY rbl{ s QG o bR oS HAOHLREDR T HAndR L Botrp

o mod by anneal Bo.t ho SUbeLT a6 dSing bt oaner atdre B of | Lot pat o e
gr adual lY y \rl\g Eé’_nt%?dé{: g%ﬂ_hé% ‘t'?léﬁgb# %MﬁfS;asﬁF%ﬁpreﬁW@msﬁ.prq?g FRIBRTISES of
Clalm : : . . "
conpri seodi s;e)ﬁeéritslfei%h%mqé%dso?pop@g 3%)?55 é oﬁ’mﬁ}# €g§ggi¥l#gﬁé£€ég{gslfl .édrﬁturc by
per oxi de coraboutnfi0%G/triin.atosa Ifinabteniperhtard eofcabout 400%Q) or amgre LD idpersioni oft the gas

f1'ng st r uct duble§ 2o B FonRIGEBY Vagining HBEHBUSRme o he and BcBAllgaEe
conmpound or Jg [ %5;%5 1o -g._lmn?onpri ses one or nore
silicon- hydrdggg%ldﬁl%‘ggg?\.tuggﬁ) e t%%édﬁgl:‘lé C gi&m |, further conprising
deposi ting a confRefering forFigg6Dagher depositien ofithst gapt Sllingi layert392dtheasaatomip
Cl i 1 5w REPAI B pRE: AEfaspiam. e Rar SR aspfidiog £ipmneas B dfgesiibn
net hod of clg@f scdhping) Giyet B12.NReFRHRP 16 Big) 6B aRer & dIRIGNEF t}xbféﬁﬁﬁﬂx%hybﬁbhée
groups that conprise oxygen further conprise one or. nore silicon-hydrogen

bonds. 24. Alspesiteddlayers ae fetheriangealed dna ditmaese of agothemehamher fof primperature
Foacting tnetdiaen 2% BaBSiCh T EOBRRAE B ol Bih i BRR SRLE OF

conpound or ¢duxdel ipeocesding @ofiditibas Willivaey abiodding eto Cth8 tdesined) gharastgriztios] ofrthe

m xture conprises fornyloxy (CHO-0O-), glyoxylyl (CHO--CO-0O-), or
f or ny! c2%ord4Pas % 0 --0-CO-0-) groups; and

-

Depositi f 2 Dual D S
A dual damascene structure which includes a nano-porous intermetal dielectric
layer is shown in Figure 7. A first dielectric layer 510, preferably consisting of the
25  nano-porous silicon oxide layer of the present invention is deposited on a substrate 512
and then a conventional silicon oxide, silicon nitride, or hydrogenated silicon carbide etch
stop 514 is deposited on the first dielectric layer. The etch stop is then patterned to
define the openings of the contacts/vias 516. A second nano-porous dielectric layer 518
is then deposited over the patterned etch stop and then patterned to define the

30 interconnect lines 520. A single etch process is then performed to define the
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anneal ing the substrate to forma silicon oxide based filmnm whereby4 APR 2003
di spersed voids are forned in the silicon oxide based film 25. The nethod
of claim 24, wherein the silicon hydride containing conpound or m xture
conprises a conpound sel ected froma group of bis(formnyl oxysilano)net hane,
bi s(gl yoxyl yl silano) nethane, bis(formnyl carbonyl di oxysil| ano) net hane,

2, 2- bi s(fornyl oxysi |l ang) propane, 1,2-bis (fornyl oxysil ano) et hane,

1, 2- bi s( gl yoX8teiepanecindwn knthe etel stop anditecich thedgriprotected distecttin éxpasedvins the

t hereof, and conbinations thereof. 26. The nethod of claim 15, wherein the
silicon hydripagchB&F%brﬁqumé@ﬁBSW%‘Fac Y8%re further conprises a

non-silicon conpo [,Sf | t lefic
anhydride, 3 for nyqu%ﬁgcga{lﬂwégﬁgs 98&9’% %gﬂgéé%hpe&cg%ag%n‘g?db%%ylﬁp&
di oxi ranyl cmd:mtaelmﬁ'ﬁqaéydrmamhowaa@mﬁm, am theOh¥tEod! of mARINgAhe G@uctdre is 1
~- APR 2003 27. The nmethod of claim24, wherein the silicon hydride

cont ai ni n§ ceegrsatiallpdepitted sehenaticalhein Eigugss 8Ae8H awhish-as¢ tiososectionnb viewstof
selected from a,group _consi sting .0f nethyl | efi.c anhydri de,

3-f or nyl oxy- 2,%8° Jﬁ%ﬁﬁY‘Bﬁ?,‘e ﬁfgfc‘?fdé? H’é’ﬁ?‘g@ %HB'?F‘i thePs yoxal ate, di oxi ranyl
carbonate, dioxir agg, sAqleed o ey ; : of
cl ai m 24, wherei n%ﬁhﬁgﬁgé%ﬁvgﬁ S gr%%%%ﬁ%@#ﬁéﬁf%r ?E@‘sﬁggﬁggt e
with a tenperatthe sulstats 512 aoapickicsgofalibu 8,000 toi b6ut 10,000 A alepéndiipesm thsr €

of at least 400 C.  29. The nethod of claim24, wherein the silicon hydride
cont ai ni ng c&iEsAfthe strugrsetarhe fabricated, and i theaannealed. sAs shawn in Figo8BTadow

t hod | qi 5. heg. ki, f L, I.ini I
on & pat 18r ndu B RIP PIcFhich 8 St dinFibiiie Jntl " deiiinet AP re forg e
or more reacthng Ridd g8 AR Atheh MRpSRHER WVt Bd AthoPorélis?digc@RStayél 1o 1he
met hod of claim 27, further conpri ang depositing a conformal [ini né | ayer

on a pat t er nehickmdsalof |abywtr 200ntoaatoub 3600 Acusing fovp leve s uf R powerc Aherlowi ngichne
or nore reactive_sj|icon containing conpounds and an oxi di zi ng gas. 32. The
9

met hod of cl &R Bk isrtheR paters stehed 40 Agfiurciis<oRianvia opepBEhYL G dde exposenie
si11con ot A% bRasth-hololl diefectfic ThIe1 10" B RCRAS! Witk fhel EMIPIEL LI fo be
m conprtsing: deposi g a peroxide compound on a surface of a

substrat@s rdqoghed@s showil@PFid. 18T, [Prefidblle, loWNR @thlstyp 514 & pattert eh&y dsingle
cont ai ni ng conpound or m xture, wherein the silicon hgdr_l de containi ng

conpound or rfoRYenRtionalbphotplithography;iand eteh procpssendsiog| ¢, earbem,aangr oxygen
consi sting of, sil nmet hyl si | an I met hyl si.l ane, di si | anonet hane,

bi (ot hy s 1) AATRTaE, el 18 b hos stened 36 palioL bR IPERCASRAS v the.
2, 2di si | anopryhagy fesist hds Bedd réthd @2 Yets¥CUREporous dielectric layer 518 is deposited
cyclo-1,3,5,7-tetrasil ano- 2, 6-di oxy- 4, 8-di net hyl ene,

1, 3- di net hy| -a¥ies etcbystapeS 141to3 thickfiess| od mboutt :;900:t0cibout H),0@k Ares shown in Fig. 8D,
bi s(1-met hyl di 5i.l oxanyl t hane, and 2, 2-bis(1..nethyl disij.gxanyl)propane
ond 1 uoRBharid 1 e ater, 1HF econd e gorols st 196 R 15 iy Sanehied o

non-silicon co§§ i et t '
anhydri de, 3- orreryri?lg?(y- é%q Egrjg%?j%grﬂg?ylﬁgﬁnggaggﬁyggﬂ @Qi@@ﬁ&h )Eal afcé,
di oxi ranyl cawittpazgsheto tésist layan\522 s showh dn &Fig.28%! Theyimteicannesthankt coacts/vias
anneal ing the substrate to forma silicon oxide based film r%mﬁe
d

d Sl A €
di spersed voi ¥ thet cichedaying reagiavesjon; etehing qrqether, apigoyopicyetching
of claim 33, ' | sne 0j: ds e f.orn ' :
substrate w t#@Eﬁgﬁp&ér a %@&p%%&l?w\eé (é'gﬁpﬁesﬁu%%fngcrtg%&w?a?ggﬁggg gﬁ VRal
t enper at @se oFigate 8B.aAny!pRbté resift.or idikernmiterial wed ¢d patersi 3be nbieswprbldior the

silicon hydride containing conpound or m xture has a non-planar ring
structure. second dielectric layer 518 is removed using an oxygen strip or other suitable process.

The metallization structure is then formed with a conductive material such as
aluminum, copper, tungsten or combinations thereof. Presently, the trend is to use
copper to form the smaller features due to the low resistivity of copper (1.7 pQ-cm

30 compared to 3.1 uQ-cm for aluminum). Preferably, as shown in Fig. 8G, a suitable
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36. The nmethod of claim33, further conprising depositing a confornglAPR 2003
lining layer on a patterned netal |ayer on a substrate from process gases
conprising one or nore reactive silicon containing conpounds and an
oxi di zing gas. 37. The process of claim36, further conprising depositing a
capping layer on the silicon oxide based film 38. A nmethod for depositing
a low dielectric constant film conprising: depositing a perOX|de conpound

on & Sur f acengie BYSSDA! Sictf G2 kbl NEARPIS ARE AIBHAILO S RAIREND dinYide"

a silicon hy nt al ni ng conmpound or m Xt ur e,
hydri de cont mieniltration njametie t® iprévent Ybpet GfigbdtioRSinto Id srrsbhdAg GilichR NddARe.
cyclo-1,3,5,7-tetrasil ano- 2, 6- dloxy 4, 8- di et hyl ene,
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oxi de based {Hal WSl ersed, V.
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40. The nethod of claim 38, wherein the silicon hydri e cont ai ni ng conpound
or m xture has a non-planar ring structure. 41. The nmethod of claim 38,
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| f 9* s$10%B5 Shakotporbuy intermetal 'didl€dtrid\layérl @2Kis(then patterned to define interconnect lines
724, preferably using conventional photolithography processes with a photo resist layer

726 as shown in Fig. 10E. The interconnects and contacts/vias are then etched using

15  reactive ion etching or other anisotropic etching techniques to define the metallization

structure (i.e., the interconnect and contact/via) as shown in Fig. 10F. Any photo resist

or other material used to pattern the etch stop 716 or the second nano-porous intermetal
dielectric layer 722 is removed using an oxygen strip or other suitable process.

The metallization structure is then formed with a conductive material such as

20 aluminum, copper, tungsten or combinations thereof. Presently, the trend is to use

copper to form the smaller features due to the low resistivity of copper (1.7 pQ-cm

compared to 3.1 pQ-cm for aluminum). Preferably, as shown in Fig. 10G, a suitable
barrier layer 728 such as tantalum nitride is first deposited conformally in the
metallization pattern to prevent copper migration into the surrounding silicon and/or
25 dielectric material. Thereafter, copper is deposited using either chemical vapor
deposition, physical vapor deposition, electroplating, or combinations thereof to form
the conductive structure. Once the structure has been filled with copper or other metal,
the surface is planarized using chemical mechanical polishing, as shown in Fig. 10H.
The invention is further described by the following examples of deposited nano-
30 porous silicon oxide based films.
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A nano-porous silicon oxide based film is deposited at a chambcr pressure of 1.0

Torr and temperature of 0°C from reactive gases which are vaporized and flown into the

10  reactor as follows:

1,3,5-trisilanacyclohexane, at 125 sccm
Hydrogen Peroxide (50%), at 1000 sccm
Helium, He, at 200 sccm.
15
The substrate is positioned 600 mil from the gas distribution showerhead and the reactive
gases are introduced for 2 minutes. The substrate is then heated over a time period of 10
minutes, raising the temperature of the substrate by 50°C/min to a temperature of 400°C to
cure and anneal the nano-porous silicon oxide based film.
20
Reactive Silicon Compounds Having Thermally Labile Organic Groups
(Hypothetical)
A nano-porous silicon oxide based film is deposited at a chamber pressure of 1.0
Torr and temperature of 0°C from reactive gases which are vaporized and flown into the

25  reactor as follows:

Bis(formyloxysilano)methane, at 150 sccm
Hydrogen Peroxide (50%), at 1000 sccm
Helium, He, at 200 sccm.
30
The substrate is positioned 600 mil from the gas distribution showerhead and the reactive
gases are introduced for 2 minutes. The substrate is then heated over a time period of 10

26
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A nano-porous silicon oxide based film is deposited at a chamber pressure of 1.0

Torr and temperature of 0°C from reactive gases which are vaporized and flown into the

reactor as follows:

10 Bis(glyoxylylsilano)methane, at 150 sccm
Hydrogen Peroxide (50%), at 1000 sccm
Helium, He, at 200 scem.

The substrate is positioned 600 mil from the gas distribution showerhead and the reactive
15  gases are introduced for 2 minutes. The substrate is then heated over a time period of 10
minutes, raising the temperature of the substrate by 50°C/min to a temperature of 400°C to

cure and anneal the nano-porous silicon oxide based film.

Reactive Silicon Containing Components And Added Thermally Labile Organic

20  Groups (Hypothetical)
A nano-porous silicon oxide based film is deposited at a chamber pressure of 1.0
Torr and temperature of 0°C from reactive gases which are vaporized and flown into the

reactor as follows:

25 Bis(methyisilano)methane, at 100 sccm
Glycidaldehyde, at 50 sccm
Hydrogen Peroxide (50%), at 1000 sccm
Helium, He, at 200 sccm.

30 The substrate is positioned 600 mil from the gas distribution showerhead and the reactive

gases are introduced for 2 minutes. The substrate is then heated over a time period of 10
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Torr and temperature of 0°C from reactive gases which are vaporized and flown into the

reactor as follows:

10 1,3,5-trisilanacyclohexane, at 100 sccm
Methyl Maleic Anhydride, at 50 sccm
Hydrogen Peroxide (50%), at 1000 sccm
Helium, He, at 200 sccm.

15  The substrate is positioned 600 mil from the gas distribution showerhead and the reactive
gases are introduced for 3 minutes. The substrate is then heated over a time period of 10
minutes, raising the temperature of the substrate by 50°C/min to a temperature of 400°C to
cure and anneal the nano-porous silicon oxide based film.

While the foregoing is directed to preferred embodiments of the present invention,

20  other and further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thercof is determined by the claims which follow.
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reacting the deposited peroxide compound with a compound or mixture comprising thermally

labile groups; and
annealing the substrate to form a silicon oxide based film;

whereby dispersed voids are formed in the silicon oxide based film.

2. The method of claim 1, wherein the compound or mixture comprising thermally labile groups
comprises formyloxy (CH(0O)--O--), glyoxylyl (CH(O)--CO--O--), or formylcarbonyldioxy (CH(O)--
0--CO--0--) groups.

3. The method of claim 2, wherein the compound or mixture comprising thermally labile groups
comprises a compound selected from a group of bis(formyloxysilano)methane, bis(glyoxylylsilano)
methane,  bis(formylcarbonyldioxysilano)methane,  2,2-bis(formyloxysilano)propane,  1,2-bis
(formyloxysilano)ethane, 1,2-bis(glyoxylylsilano)ethane, fluorinated bridging carbon derivatives

thereof, and combinations thereof.

4. The method of claim 3, wherein the compound or mixture comprising thermally labile groups
further comprises a non-silicon component selected from a group of methyl maleic anhydride, 3-
formyloxy-2,5-furandione, glycidaldehyde, oxiranylglyoxalate, dioxiranyl carbonate, dioxiranyl

mesoxalate, and glycidic anhydride.

5. The method of claim 1, wherein the compound or mixture comprising thermally labile groups
comprises:

a silicon compound selected from a group consisting of silane, methylsilane, dimethylsilane,
disilanomethane, bis(methylsilano)methane, 1,2-disilanoethane, 1,2-bis(methylsilano)ethane, 2,2-

disilanopropane, 1,3,5-trisilanacyclohexane, cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene,
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6. The method of claim 1, wherein the compound or mixture comprising thermally labile groups
comprises 1,3,5-trisilanacyclohexane, cyclo- 1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene,
bis(formyloxysilano)methane, or bis(glyoxylylsilano)methane, or fluorinated bridging carbon

derivatives thereof.

7. The method of claim 1, wherein the dispersed voids are formed by annealing the substrate

with a temperature profile comprising a gradual rise to a final temperature of at least 400° C.

8. The method of claim 1, wherein the compound or mixture comprising thermally labile groups

has a non-planar ring structure.

9. A process for depositing a low dielectric constant film on a patterned metal layer on a
substrate, comprising:

depositing a conformal lining layer on the patterned metal layer from process gases
comprising one or more reactive silicon containing compounds;

depositing a peroxide compound on the conformal lining layer;

reacting the deposited peroxide compound with a compound or mixture having one or more
thermally labile groups containing oxygen; and

annealing the substrate to form a silicon oxide based film;

whereby dispersed voids are formed in the silicon oxide based film.

10. The process of claim 9, wherein the compound or mixture having one or more thermally
labile groups containing oxygen is selected from a group of bis(formyloxysilano)methane,

bis(glyoxylyl-
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11. The process of claim 9, wherein the having one or more thermally labile groups containing
oxygen further comprises a non-silicon component selected from a group of methyl maleic
anhydride, 3-formyloxy-2,5-furandione, glycidaldehyde, oxiranyl-glyoxalate, dioxiranyl carbonate,

dioxiranyl mesoxalate, and glycidic anhydride.

12. he process of claim 9, wherein the compound or mixture having one or more thermally labile
groups containing oxygen comprises:

a compound selected from a group of silane, methylsilane, dimethylsilane, disilanomethane,
bis(methylsilano)methane, 1,2-disilanoethane, 1,2-bis(methylsilano)ethane, 2,2-disilanopropane,
1,3,5-trisilanacyclohexane, cyclo- 1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 1,3-
dimethyldisiloxane, 1,3-bis(silanomethylene)-disiloxane, bis(1-methyldisiloxanyl)methane, and 2,2-
bis(1 -methyldisiloxanyl)propane, and fluorinated carbon derivatives thereof, and

a non-silicon component selected from a group of methyl maleic anhydride, 3-formyloxy-
2,5-furandione, glycidaldehyde, oxiranylglyoxalate, dioxiranyl carbonate, dioxiranyl mesoxalate, and

glycidic anhydride.

13. The process of claim 9, further comprising depositing a capping layer on the silicon oxide

based film from process gases comprising the one or more reactive silicon containing compounds.

14. The process of claim 9, wherein the compound or mixture having one or more thermally
labile groups containing oxygen comprises 1,3,5-trisilanacyclohexane, cyclo-1,3,5,7-tetrasilane-2,6-
dioxy-4,8-dimethylene, bis(formyloxysilano)-methane, bis(glyoxylylsilano)methane, or fluorinated

bridging carbon derivatives thereof.

15. The process of claim 9, wherein the dispersed voids are formed by annealing the substrate

using a temperature profile that gradually rises to a final temperature of at least 400° C.
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reacting the deposited peroxide compound with a compound or mixture comprising thermally
labile groups; and

annealing the substrate to form a first silicon oxide based film, whereby dispersed voids are
formed in the first silicon oxide based film;

depositing a low k etch stop on the first silicon oxide based film;

etching the low k etch stop to define a vertical interconnect opening that exposes the first
silicon oxide based film;

depositing the peroxide compound on the low k etch stop and the exposed first silicon oxide
based film;

reacting the deposited peroxide compound with the compound or mixture comprising
thermally labile groups; and

annealing the substrate to form a second silicon oxide based film, whereby dispersed voids
are formed in the second silicon oxide based film;

etching the second silicon oxide based film to define a horizontal interconnect that exposes
the vertical interconnect opening in the low k etch stop; and

etching the first silicon oxide based film through the vertical interconnect opening to define a

vertical interconnect.

18. The method of claim 17, wherein the first and the second silicon oxide based films comprise
dispersed microscopic voids formed by annealing the substrate using a temperature profile that

gradually rises to a final temperature of at least 400° C.

19. The method of claim 17, wherein the first and the second silicon oxide based films comprise
dispersed microscopic voids formed by reacting a deposited peroxide compound with a silicon
hydride containing compound or mixture, wherein the silicon hydride containing compound or

mixture has a non-planar ring structure.
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substrate prior to depositing the peroxide compound on the surface of the substrate.
22, The method of claim 1, wherein the thermally labile groups comprise oxygen.

23, The method of claim 9, wherein the compound or mixture having thermally labile groups that

comprise oxygen further comprise one or more silicon-hydrogen bonds.

24. A method for depositing a low dielectric constant film, comprising:

depositing a peroxide compound on a surface of a substrate;

reacting the deposited peroxide compound with a silicon hydride containing compound or
mixture, wherein the silicon hydride containing compound or mixture comprises formyloxy (CH(O)-
-0--), glyoxylyl (CH(O)--CO--0O--), or formylcarbonyldioxy (CH(O)--O--CO--O--) groups; and

annealing the substrate to form a silicon oxide based film;

whereby dispersed voids are formed in the silicon oxide based film.

25. The method of claim 24, wherein the silicon hydride containing compound or mixture
comprises a compound selected from a group of bis(formyloxysilano)methane, bis(glyoxylylsilano)
methane,  bis(formylcarbonyldioxysilano)methane,  2,2-bis(formyloxysilano)propane,  1,2-bis
(fornyloxysilano)ethane, 1,2-bis(glyoxylylsilano)ethane, fluorinated bridging carbon derivatives

thereof, and combinations thereof.

26. The method of claim 15, wherein the silicon hydride containing compound or mixture further
comprises a non-silicon component selected from a group consisting of methyl maleic anhydride, 3-
formyloxy-2,5-furandione, glycidaldehyde, oxiranylglyoxalate, dioxiranyl carbonate, dioxiranyl

mesoxalate, and glycidic anhydride.
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patterned metal layer on a substrate from process gases comprising one or more reactive silicon

containing compounds and an oxidizing gas.

31. The method of claim 27, further comprising depositing a conformal lining layer on a
patterned metal layer on a substrate from process gases comprising one or more reactive silicon

containing compounds and an oxidizing gas.

32. The method of claim 31, further comprising depositing a capping layer on the silicon oxide
based film.
33. A method for depositing a low dielectric constant film, comprising:

depositing a peroxide compound on a surface of a substrate;

reacting the deposited peroxide compound with a silicon hydride containing compound or
mixture, wherein the silicon hydride containing compound or mixture comprises:

a silicon compound selected from a group consisting of silane, methylsilane, dimethylsilane,
disilanomethane, bis(methylsilano)methane, 1,2-disilanoethane, 1,2-bis(methylsilano)ethane, 2,2-
disilanopropane, 1,3,5-trisilanacyclohexane, cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene,
1,3-dimethyl-disiloxane, 1,3-bis(silanomethylene)-disiloxane, bis(1-methyldisiloxanyl)methane, and

2,2-bis(1-methyldisiloxanyl)propane, and fluorinated carbon derivatives thereof; and
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containing compounds and an ox1dlzmg gas.

37. The process of claim 36, further comprising depositing a capping layer on the silicon oxide
based film.
38. A method for depositing a low dielectric constant film, comprising:

depositing a peroxide compound on a surface of a substrate;

reacting the deposited peroxide compound with a silicon hydride containing compound or
mixture, wherein the silicon hydride containing compound or mixture comprises 1,3,5-
trisilanacyclohexane, cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene,  bis(formyloxysilano)-
methane, or bis(glyoxylylsilano)methane, or fluorinated bridging carbon derivatives thereof;, and
annealing the substrate to form a silicon oxide based film;

whereby dispersed voids are formed in the silicon oxide based film.

39. The method of claim 38, wherein the dispersed voids are formed by annealing the substrate

with a temperature profile comprising a gradual rise to a final temperature of at least 400° C.
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40. The method of claim 38, wherein the silicon hydride containing compound or mixture

has a non-planar ring structure.

41. The method of claim 38, further comprising depositing a conformal lining layer on a
patterned metal layer on a substrate from process gases comprising one or more reactive silicon

containing compounds and an oxidizing gas.

42, The process of claim 41, further comprising depositing a capping layer on the silicon oxide
based film.
43, The method of claim 1, wherein the compound or mixture comprising thermally labile groups

comprises formyloxy (CH(O)--0O--), glyoxylyl (CH(O)--CO--O--), or formylcarbonyldioxy (CH(O)--
0--CO--0O--) groups.
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