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enbodi nent of the present invention. Figures 3A to 3E are sinplified
partial schematics show ng the system of the present invention according to
a number WO@J,%%Snati ve enbodi ments. Figure 4 is a cross-sectional cut away
vi ew showi ng the hol | ow cat hode according to another enbodiff8f{S0EpIfhe

present.:d i a I P i d an
i ow PEzEBbARs ittt e Rai e ORTE AT THEDRIELEY o
t he prfessif-on fiastamobe qhitgsimpld However,rths slasses vf cirealicad pravwesyrs, G apilantosi ew

of the t i t | t ti di t aof ;th t

e Ama R e bk s PerRess DAt Shp FoROREs af picrs spEPEABEETS! ang
_ "ptiP Y _ 1 RVEE

. 2, WhQRA chi ts@nﬁerma@ﬁ@abﬁn@rntg tgﬁfrltw&mqngﬁmabk&nrsﬁr&%@?%eme@ér&uw the

figures, two alternative énbodi nents of e system of the present invention
ar e sladdresse@iihy GYBtaethdds. general |y i ncl udes a processing assenbly 1 |

havi ng a processing 6, . 01 £36703 PCT/ US00/ 316 hamber .1 d hol | ow
L obe St hodovaies AfmatecialiRors PR DN pier e 55 HL b dReleclr TER it e BPSedell ng
chanbeyf sdmicomdud®irsl Eludtiht BEEbekR ddded@BiD, aTIed ineh ag&npt tb Mewathe€dieREtriur f ace
of the processi ng chanber 12. A t%p$pl ate 20 seals the upper end of the

pr oce$ansidnt of thedem. 13tablgdrorine dppsd SN, fameddatriasars @Y Deypieplishasir ough t he
top plaaligFOcdrtlf b5 58 8% SR cE N8BS Tce eomMifes W 1BLARS, 695 MY ohOC! ude
one or nore gas i nlets for conveyi hg ore or nore gases 10 The processing
chanb etiatérihls Kaviny @dntiowehdicletpieesnstngs afealebiesd. 12 i s a vacuum system for
evacuating the processing chanber 12. As described in further detail bel ow,

t he vacuumAdpthesplasma|iid aparogale I Grede &I THmE inths depositien effiighlyacuum
i h
Syst e?& ! ¥nkB& 8RR bRdn Himk hc%nt&ﬂ{n)ﬁ@g%@ 8(? %eers%&?ﬁﬁt%h Q&g‘?@?ﬁ? ‘E%ﬂe)on? Bl the

top o e processi ng chanber, or ocations oVvi al'ternate
punpi digleaidonstant sfithevmare plengsing varsibn? of sl filmsdeas genmegalbstsentveported as

i | t he, i hamb 12 ich i li i | i ;. h
he. < HATIRE F Gidechis cRTsEALDEHGoL oi A Lo AR BETRGSE. dAgPispe O RE BRG eas ng
c ham%o%ob@éar%hs%ﬁﬁfd, bwbddrimat not-ml‘é' Wit SdHeSion ¥ @kimaA @tabﬁitﬁ(i_‘r?_%lgﬂiﬁlg: % nade

of a lowloss insulating nmaterial, such as quartz or ceramc.

el ect duoknsib8ali tabploty),tand leclintegratomnf thhBlnesct eri or wal | 24 of the processing
chanber. T rocesazi n ﬁs%%gbl 11 may f%%t er include an e(li]C| osur.e 28

sur roundi ng®YHETE M ?ﬂaﬁ% OGP YRS EA G ST iR HaPIBI0'S BARMCAE 1rai n
el ect fRePiakShads b&dnuMiplbPed | D&spitd tidoder dBRCHRI ddnStafis] theldSolyin&dArd ke many

fornms. In one exanple, the main el ectrode may be forned of a continuous
coi | , ewfirely sgigsfactonyclus te praaqsring andwaategrk lendatians o Rglymines argteenerpldy thermally of
the p ' 12. r IV : m}i | pGit.r . e forned
of a %‘?‘ﬁ‘?@%ﬁ@g“% sega%}ea éq't 89%%#3?%%%&&% 1?%}1850, a&ﬂ?‘c@%&ﬁg@%@%d from

each thielematatialddave Bekni cohsidyr@l Soragmbedded Steuctures; fas petile Py ate abt duftable for
prOCﬁgﬁi ng. chanber 12. Preferably the main electrode is a continuous coil.
The Istagkgap fdlyy damaseragISHUSHESSt j ght |y over the exterior surface of the

processi ng . I 1 | | G, EOCY t he
mai n el ect?g‘%ggg%g{t%l %a}tshgvl n gﬂ%%“ﬁ)? G%tggﬁgl&g%géég%&g%ﬁ%{%ﬁﬁ%u%gsem n
el ect beedexfildredsaspavattendtiby metiodrfoethicipoepatatjpowd lowe dkoriSéonsibppmatibly, RF
powers of up to 300 tts at frequenc Ob‘ 13. 56 are appl.i cable. One
D armpDBS BBl 35Sl ag Diesie T B isRel Prepisg rodih SR g PABBERHIPRAS syst orm
of th@epb nle SR IR AR Euches PaiiéHt N (ppt-R), RapeRlied®E (ppx-F).
6, 015,% 5?&??; entire di sczli%saﬁ*le o? le/vhi ch i’s herg?ﬂrzl ﬁlcorfoﬁg? ed %’5’( )
r ef er RanglenesTiipically hayw dielbetric gonsians values mngingdfeayed.-dnot?h7 and #re thustteantiveg
Chanbﬁrlo&’%iqu&gé %Jate\{'ial/s' far Zse in integrated circuits. However, the parylenes that have been

prepared to date exhibit poor thermal stability as with ppx-N; expensive as with ppx-F; or have

poor mechanical stability.



WO 01/ 36703 PCT/ US0O0/ 31694 an opening in the top plate 20. The holl ow tube
cat hode 14 acts as a counter electrode, and is grounded. Alternatively t he
hol | ow cahpgiesedds can be powered by a conventional power su 32 and the
mai n el ectrode can be grounded. Preferably the power suppl %gﬁépgﬁ”é ‘at a
f requency OfA%%déﬁ M_%’théjcﬂla‘cugﬁgné)a%OQQqfﬁﬁﬁgtl%mgfeﬁﬁﬂ?ﬂﬁ&ﬁ@ fadude U S’x?eréu kHZ
The hol | ow t'ube ca Hode may al SO serve s I nlet”to convey one or
gases tdieledific porstas valng. Onaiecrial Ravifde vyl lbovditlslieic caddades 14 is an

el ongat ed tube typical I&’ havi nll%han i nside di ameter of about 0.25 inches or
| ess, aelytetiloragthylere adislestncopstaniofabouiol. 9. Marpeased. |1 n t he

prefer t t he
ent or G SPREE FE s B4y Bphithls (R iRGfesl Rl SR SRaastbERaRR B0, | o,
t he cemae pbfoudﬁhahedncd?pu&tmgmelmardndedtecpmpehy oﬁmmhrrtolthetﬂiﬂm phhetiigharfthe
entry of the processi. Eg;cas t he | ocatio th g hol | ow t ube

cat hod @OIOBYPh e BRI dns (e Hrligecip cangjints Hegtn 1BAROTORMY iAlErals
edge Ofyifjhénd t@%e%’trﬁ&l‘ﬁrélf}ﬁﬁoﬂe%’ra%ﬁ@ Wn@ @n:gqmtt RfecEMahATAiEn ARuiremeRa| Flkker! OP
of the processing chanbér he top plate 20 includes one or nore gas

i nl et pmmrmls mntmomgémomge bavee the dw@d@nmseirctq@mngethpa@b@g@pﬁgb@hanbgcr 102,
For exarrg in _an exenp 5 i_ment 43 st gas inlet port 22 is forned
in the™ ﬁnlﬁ?gf"é"%méﬂ Mrgﬁﬁlgggn ?Ye§ Mfas source 38. Many types of
chem cal gasgForiEnatdlp, xﬁ@t@ﬁﬂyeslnthmigfmlome%@s@thegnsabmﬁgre ofZequivitel theCl ude
but are not limted to precursors or reactants, inert gases, carrier gases,
or cl eafditign ehehhmigr layepofmigimize rﬂwpone wégraken duingpreespns dndevedione. t Hee gas

i nl et gases
repoat B & Rt st RRaRGBFeE it EbBbper it e Elekall, 232

sui t abingigfaey. Bmhexrbap@s@ﬁc}idaerlglaﬁﬁs1aimbd:en¢howass effbamstmh&uﬁ Ntddine mass fl ow
controllers (\MF and direct liquid injectian s%‘ 8 . In the case for
cheni cmlgraﬂﬁrathaa? Bigh Heleelgc consanty 2ad s a1y affpet Gradyantages fuwmeycadhy the
vapori geofihgeFREN cal s) are required. Comrercially available |iquid
delivery sys? ens include vaporizing liquid delivery systens and bubbl er
systenms in More kecantyramethod)afmiaking it diptectrivr cungtant filnd hag bieen ¢dfseni>ezlaxln

Di spos thip t sin anbe 12, is the substrate support | 6
o oS B Motant Ro' @DeReRE Sherelfe AL Shutift oo noaenErng QHen T ou, Shehar 42,
to be B[ﬂ%ﬁ&ﬁﬁﬂmdﬁ&@ﬁs%rﬁﬂs)fné I’zlﬁd ﬁHﬁr’EP H@Je?op?&ﬁh?%r&es&ﬁ)lés substant| ally

aligned with the center axis of the processing chanber. The substrate
support 16 Irssuxmoatyeds dmmnstrhted bbeveomdny consedepatome s mgulmdamtmhooﬂrig a bt ow

th t ub t hod t.h f 4 t h
the b dieletie it Alar Tobre iy iRa gk ® i Beotrat B st i Mrtieth oo
t he anpyide @ﬁmgkelgq,sdlg]e@tﬂcl@gﬁgtm fillae wafer, electrostatic force may be

appl i ed to t he wafer by the support 16. Any sui tabl e conventional substrate
support or chuck may be enployed with the present invention. Usually a do

vol tage supply (not shown) i S SWsfida Yidsphectrostatic clanping of the
wafer. Wiile electrostatic clanp rﬁ&6+‘#§E—WH%ET'MAth an electrostatic
chuck is praterdiagdly, itiber olbjyaaﬁ”tlm‘presqnpmvbsn@rtoqhmkis amiyploeedi$tkm and
Tenper at ure contr ol ans, .such_as ooI| fluids, |caII C|rculated
througwe%ﬁé %&ﬂf,semmggw gickrgirin Blms- ﬁen%ﬁ%aeﬂﬁpeah fefroehbon deulers

t enper gdydkigag aﬁme&ﬁgﬁﬁﬁ Shiie LFFRELAL MR @y x%%l&mwmg Apré&s s

tenmperature . The substrate support also typlca y inclodes a nec anlsm
(not swishmsubstrate stupamfmsspp@ng\aﬁgbstmtw/mmtonmcsugﬁmmtefos oppeyingtdasds i s
attached, to the. chanber asse 11. Th sm,l S _usua npri sed of
o1 ot RdPe BRePERITRAAAT ey rASrLAMIE PHES SRORA bl AT BRI R crove ¢ he
. waf er. crAmtef Bprévidéts BRE h s&doht PMsina@bueb défininBA\skethdPlisahiOione Wik shi@nd
effector are typically used to | oad and unload the wafers on the substrate
suppor ¢hampeeisprevided, r Basagrage spprataln innized at diEerent donizationerslsindheBist fug t her

. described herein. The vacuum systemis coupled to the processing chanber 12
for exhausting and/or evacuating the system 10. As illustrated in Figs.

and 2, the vacuum system nay take a variety of alternative forns. In the
exenpl ary enbodi nrent shown in Fig. 1 the vacuum systemis conprised of two
separate systens 50A and 50B, each |ocated at opposite ends of the
processi ng chanber 12. This feature of the invention provides for the

sel ection of alternate punping paths which, as described in further detai
bel ow, advant ageously pronotes the tailoring of the deposition process. In
particul ar, the vacuum system may provi de for exhausting the processing
chanber 12 at any one of, or alternatively both of, the top or the bottom
of the chanmber 12. In Figs. 1 and 2, vacuum system 50A is | ocated near the
botton1of the proce55|ng chanber 12, beIOM/the plane of t he mafer Fig. b

o L Ttibr_fﬁ._._rf_ Y " e I




WO 01 /36703 PCT/ US00/ 31694 falling back down into the processing chanber 12
and contam nating the filmon the wafer. In the enbodi nent where the system
10 includes both vacuum systens, the vacuum systens 50A and 50B can be
oper at ed WPPH¥’ ternative, that is one vacuum system nay HGI/O$00/3849% NQ
during processing while the other is not. In another enbodi nent, both
vacuumsé&doat pinfallnes) dnd (HBsdsepatacel p joni Al gaba| resbti (0 fogmr diclestsicfdm dontht hi s
enbodi ment, gases are exhausted from both the top and bottom of the
proces§F%§”d&éﬂ%§¢§“§ﬁd the ampunt of gas flow exhausted though each system
50A and 50Byj I ; Is i : . .Of
the valves By dsic SRURIGER iEhIOh, £ 8lcRia R oy RS UL AR dERERCT

i nor gafiilo/onrthasirfact ioff asubstiate is pgirecessifig thampar edherdin omyergasenarggynieyed to
operatqg in a.vargetg of, net hods as e%ﬁrib d €e|OML As used thro%%gout t he
pr esenfRCRISKESFIRE CBMOGH AN oL HEPTRHAUPE Ofa TN UMTE 2AFFS ArtoBizdin ¢ ¢
film whig 'Blds&a%ﬂ@rAﬁfénQBf, 3r EQADINARSA 8) e dnBOF AR gaséi‘ﬁe%&ﬁfﬂﬂe?y ghRePs. A
further description of inorganic/organic hybrid filns can be found in U S
Pat ent irNosecond pRisB840na. Tbeserneparatell woized gases afe napdtedtol forthardi¢lactiindidmpar at ed
by refﬁ{enc . Wﬂ%le t etpreferred enbodiment is directed to a nethod of
deposi cﬁﬁrfﬂ%?g ﬁF@F P&anic dielectric filnms due to their |ow ><
properties, the present inventionis in no way |limted to the deposition of
such filns, and instead can _be enployed to deposit other desired dielectric
filnms. The inventors have déyelBescyipiiopoidhe Drawings, and et hod for
deposi ting >¢. d] i LI . f .
Tradi t1 onal PotrSpisEleEn ahliyfagel o FiediedeBOinp AT oo 2 AR o resgive,
si | i cothecletsilad desvgiptian ef thalinyention and theidppeaeied ticlhaire proyided| bz ey, (ahViipon
trimethgoxysil ane, or tetraethoxysilane (TECS)) to the surface of a silicon
waf er Tekeranagip ihs VB iBWHigse f | ow pattern. The prior art approach has
f ocused on ttt A0 i i t igned to
br oduce hi ghEyre s qiehat ihllaic 2RI oF R s lTBm oD Biralgto 088 202G bl
t he si¢mbatimenndfahapregenpieentiaror . The silicon is then typically reacted

W th oxygen_to ow highly.inorganic silicon.dioxide thin. filnms. As

escr i bod | HERHE Bcronmri L BReRo RiAsH Ao e arpting B Res have
provenehkoddBeif oflthdhleSht feA8SS, and have been unable to repeatably produce
films with |ow dielectric constants such as below 2. 7. Contrary to the

t eachi ng of Fighees gAi tor3Eaare simpidiedpagiah scliematins shonvisg tiesystemmfriherpresent

ioni zation. of the. precursors..kurther the present invention pronotes the

di rect™ ?’gwnoaf"?rgl{@z‘aa “&H@’&%O%%}ge?”%tws e%g’f)gﬁn face. This is acconplished
by provi di meighmos BuksésRbét@inalcdiaiay Redw dHowinYDebIR A7 JAC hess5aMp34 694

pl asma zones within the processing chanber 12. In a broad aspect the

pr es erinothey embpdimept of/thg psesednyandi®Bssi ng chanber 12 with a first plasm
sour ce defigi fir 6 Al ' , ond
ol asma. sour B TR P e B Ry e B e
conv eyethdde coheaqepriigs®i ong eattadiment f ehegapsenainekntianoni zed in the first and
second pl a zones, and these separately i.onized gases react to forma

di el ectric FEPH DN 3RS SEFHORA WV YAICR Pé%'b‘é‘??’ the s%'ﬁtgmgaé‘gg 185 Pe i oni zed
at di TARAAAVe ABbdHchPSr he pRlsentthidiont he tvo plasma zones. Specifically,
the first plasnma source, ichin this enbodinent is selected to be the
mai n el ectrode 18, when powered creates a first, upper plasna zone 66 in
the bul k of the processinB_ 1 tiolasma source, in this

enbodi nent selected to be T4, when powered creates

a second, |mefefingt@FIR. ZamE268hdrb 1ikbeompanais adidaiaiited bielikdffaemeof t he
waf er. The upper zone 66 is substantially isolated fromthe surface of the
' waf er Rbess wehefigirghityojabiemaive gnbedimentsef phe ysisay ofttheiprasent ppentiey aten .,

Thi s 1 i j [ QL: . j.oni zed
neutr 205 RSyt 10 eer By el brd S R BT e AR e
extracted by the exhaust gas flow and diffusion to the | ower plasma zone 68
which is less highly ionized than the @pper zone 66. Preferably, the | ower
pl asma zone 68 is defined by the region around the distal end 67 of the
hol | ow tube cat hode 14, and extending down to the surface of the wafer. In
an alternative enbodi nent, a cone 70 as described further below, is placed
on the distal end of the holl ow tube cathode 14 to further define and
direct the shape of the |lower plasma zone 68. Additionally, the pitch,
| ength and/ or placenent of the cone 70 nay by varied to create a third
pl asma zone as described below. To create the plasmas in the different
pl asma zones, one or nore gases are conveyed to the processing chanber 12.
Gases are conveyed through one or nore gas inlets 22, and optionally
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In one exenpl ary enbodi ment, an inert gas such as argon is conveyed to the
chanber via inlet 22 located in the top plate 20. The argon atons are

ioni zed i (g fHSemaper plasma zone 66 by the main electrode 18 A silico

cont ai ni ng precursor or reactant gas such as an organosili (?GFVUSQW%I“‘%y

or ccur SBAP 12 A a oo ATBE adecT AR AHSTRC SRR A R R e (%

the | oeécending oRangene 269, miinc:ldvtRde 18 & pdstilonedadjacett the dxedior QiifZe@f tHer t
atonms fromthe upper plasma zone 66, and with punping action away fromthe

waf er Puedeasies phamheadd. Byioppéate 3@ seak tbwpeqhmw&hﬁrg@cqsﬁeg ab@ahqrtlﬂowddhe a

. filmo f t I r rect ure
and comsuaT <R s o Hilet HBlod fE A0 bR P Proclieh Fonflr £, R

| east itop piatet20 mh;eumh&iewneor e gastitiles. 22Mor canenipigene ot mdneganeemxhsor is a
cyclic organosilico sent i nventi g}}n Brg:ﬂzdes for depositing a film

wher ei ri’“i%@‘%%hal’fébeépz Eﬁ@%le fo thepresessing bsr%&ﬁugﬁ'rs st ure are

pr esenteva&aﬁﬁgeg,fc rdr&aesa gcﬁme?ﬁ@s%%% @foell m?ﬁmhéﬁaaama% teVeBudnl? System
conponents to m a conti nuous t i Imw th polyneric ang ceramtT

f eat ur éscludes avatwme pleanh quéraf ppmpparckthis Maeuws eysiémt may e idcetedrat thelbatiom ofones
according to the ent vent i rovi des for dlff i oni zation. | evel s
ot he thucsg SBUTEToordhe Gp of M RIPCASHEE ShbSTirt BB Eae @D i mrovide
advant ageames pdARDASI pdtky). Further, thls advant ageous dep05|t|on is achi eved
wi thout the need for heating the process. The inventive system and nethod
pronote rel étsmhe‘w in thfod dnd\2e the prnesissingl assembliaht inshides e prbdessinpdwodss

A or nAe gy OHRRERT it BRF MR P A b R AR RHAR

chanbeempicyed Uhé fpeds&aémgal&mtfarqn,hwméxtasorgﬁﬂl 2411 Bhe Sderidt WlE24 P pl at e 20
of the processi ng chanber In this enbodi nent, the precursor is ionized

i n t hePigigrably snads pd alewdoss IIWI%tm@agate@aI&vcaés anagEer ceramipe The Mpiyelertiode ough
the h | b
Conyeydh T hostitfed BARAF xR WA of ROk Btnanb bl BTHE BUESRE oV °

pl asmaassembly Hnslay Rethee rmiuailerag eRciokure 08 istwrowgling the ogé&es peripledry 82theo be

i oni zed mthe upper plasma zone. In eneraL the_13 VWO 01/ 36703

PCT/ USBcessBgshambs taandshe main slectiods 1878 shownin F’rg@ b##tti-ener gi es of the
gases w || t e f he
desired inj g@% ?%{r? {lgcctgc{a?gg%?%?ﬁteqé gggﬁ@ Ilngﬂlte eg&gh{? glerrngﬂgse}eg %(\%hrg{l)ﬁbé FI GS.
1 and fimed o8Bcontimohoua!, oph asntinuwas eylétler, shalekiendslalong tI‘reemmrspetlphmy of the
distal .end 67 .of th I t uhe cathode. The ube .c 14_.is
posi {1 B GOtk SHheR a2 AliebEvel PR B0 SR ToFan= L EPER o) s RS K Chode 14
i's pOSképhﬁi 1RBAYA stdRnSUPBIER &la§ belspRed frodf dadhSotE@Ht BefkdaheAdistdi@umaxi s of
the chanber 12. The di stance between the distal end 67 of the hol | ow

cat hodthe pates periphtesy elithe pracessing ehamhepd2.r Brederally theympin ql@moalle DB EONHERRNSt 0

about 10, ijaches.

di st an%é1 ea{B%lH ?eggrogoﬁg Eﬁ?hgé{?@@t \AEFQI‘E g??eg}é) r§"]“£ﬁgced) g rZ)?es(ij tcEax{il Ol | ow
t ube cat fodexifie thepowetddnpEng Efftienc from tepesicRetrede 191 He fiered ogeir 1 ow
rates and pressure, and preferably size of the holl ow cat hode nmay var%/ up

to abopfocessingchamberdi. h&ﬁ%@é relecwa@%lms Povered by agonrentiqpalgowen sigply 3
di t
o Snicdfy R IEhART 18 800 Wy g REaRA 25k Ve BESSBILO G| o0, @

cone 7 rther
def i neexahplgeimmbinyclatrode gidpowér supplysadahid farst awdie spsktemm;f thopresendr

alternatively be,enpl oyed.t.o, define S ne create a
Chi ra Bt RngsacseRarig L SCReH o 6 LF aub e S8 R STt o B

. Suppl YhQ&in FHQEaEd bphdteleficd. YPi cal |y el ectrically coupled to the hollow

t ube cathode 14. Specifically, the cone 70 is placed along the distal end

of the hol | D hallow tohe pashedel i isalisposssh withinghe priocessirigabambeohegenerallytyiah i s

_ defined as the volune within the cone but outside of the holl ow tube

cathode 14. In this enbodinent, the segond or |ower plasnma zone 68 is
defined as the volune inside the hollow tube cathode and at the exit of the
cathode 14. The pitch 71 and dianeter 73 of the cone 70 will determ ne the
relative intensities of the plasmas in the second and third zones, and thus
al so the degree of ionization occurring in each zone or regine. The cone 70
may be placed at the distal end 67 of the hollow tube cathode 14 as shown
for exanple in FIG 3E, or further up the cathode away fromthe distal end
as showmn in FIG 3D. The size of the cone 70 may vary consi derably, and the
cone 70 may have pitch up to the sanme as the height of the plasm chanber
12, and have a dianeter that is just less than the dianeter of the plasm
chanber 12. In one exanple the dlaneter 73 of t he cone 70 ‘may range from
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During processing of the wafer, the processing chanber 12 may be exhausted
fromeither the top, the bottom or both; however, exhausting fromthe top
of the chamb me@ﬁ been found to be preferred. In either case, as described
above the exhausting of the gases is preferably on-axis; tR&I/{S40/31694
symetrjcal .abo e er. ' f er.tqQ pr t jally
uniforﬁ?%PQRP%PH%Eéabggggkﬁégﬁﬁkﬁﬂgt%%?%%%ggngFﬁgggﬁﬁgggé 8& ubgﬂgﬁtially
uni f or grdundyd. OAltérhetignp ahe ASIRIW cithedesy dante poivetdicbsaibsiveatchappouEsapplyhe
deposition of a nore uniformfilm' Selectjon of the 15 WO 011 36703
PCT/ USB2ard 8main elaciadasanhingspvried a Prefpmabinihe powet spplyonetaies abp fisasens¥si ng
. desire i qhgp, a met hod for
deposi?f%%g?§agéﬁgfg%fgf <%%%%@Qﬁ¥ﬁ%ﬁ$§§&gg9¥§2 surface of substrates is
provi ded. AThe&slisw it dathodb endyclsgervecshgzk inlettndpnveyrone pir noire gades ethhods
. used achieve |l owlc i.e. <3.0) dielectrjc constant terjal s from PECVD
have r BGFIEE FRHOFT F]% E%‘i‘ﬂg’%%“bSP. 0&’5[)4 ﬁ-aﬁﬁl%fqdﬁ@ tPfH@‘r’gnHE%ﬂ%?‘?‘ at ed
good pﬁﬁd&f GRReRr oP o Y Es RAY dr18s! Ald MBR usfalFn R FREELT Mou00B 1b §13. O
and no uorine 1s highly desired. In particular the syStem achieves filns
exhi bi iriches. dIrethe prefemedembedimest thé hokew tubicanth®de js lacatepeantarediblopg dwual to

and | ess then ut, 2..7. Di.el ectric constants as |aw about 2.5 have, al so
been aCTHERHE ShtEHCHPeE T RN Lhr S A RO ToT R SSPLES heeired

I nvent TRk, BhO¥ArRfectiOély ¢ohinal tRO pSinBaTRAir) of e b &S4ihs Blienfibals by the location

ioni zing/activating the precursor at an energy |level such that it is not

hi ghl yolitths bol¢wittel cathwdeldd. t he original chemical structure of the precursor
is preserve t | 1 P Lnal fi sisted fer.
The. pr osent |T0BATEA0 hOuRAa sk} e penBleR R i 0B ik hal R

i oni z adelcared 36 tHe\entiodire @R tb REal pliectop oS tHe pradessihgchambdrabkatihensdplatetd t he
silicon wafer surface and the point at which volatile byproducts, such as
wat er BAWdeseeoE ROFE BaR Y PIOHS 01 NYRING PRFOR THOKSAABF {0 MFIRIOCESH@S ¢hamBeli de

are re{v t e : : j tric

const ant E&Ie%nﬁl\%ﬂer nﬁ?ﬁ%‘?@mzﬁ‘g’sg‘%ﬁﬁﬁ ?%‘?"t r gt\gs?-l% ?ﬁb@g ih ¥ tgb Sia‘?&

si | i ca20 ankis oxydedhtdmfsdgasmopnsi3Bi MManyi tybesoflohemivat gaseemag befcofddygd cuths. To

achi eve such Igw density,. cross-linked, silicon-and-oxygen-based dielectric

fil ms RAPESTSINGENIMBST ba%’é‘ﬁﬁ‘f‘e&“ BRngt Waped to ecyrsre A Ef?’%taﬂ‘év'ée’aigé%ver ed

that depasidab@oficdrify dichlbalonl b alifiroPliahee  IloubREbEAldAMALK gL | on

of the precursor and atfter gas phase reactions have been acconplished to

gener giogt 2handopp fiosd iges soueecd§ emmetcpthd dedivpryi afrgasssstpeatabintd tirethaouolserwhi ch

seek tQ mnim.ze a S _phase, reacti ons.apd are.focysed on. 100%

(t heor‘cemesta bR e Bn BRtPL i aes uebs o i ing ot i S0t i fieanass e

pr eseovm¥eRt (VEMP IR RS @nlnblias (MET)! &1 dfect NGuiBfifiestionysihiseTh #leS t0O a

| evel that the filnms can be grown, instead of trying to achieve 100%

i oni zaebofer chemicals dhatlareliquids, guidrdelizgrytsystems heptishowod shap yanaiize the  t he

| owest Ve r f N . t: 11 - S. ation

and  ITAP RS} R B i er R B B PGPy, A PR BRE bt

cont r dijuid ddlvepr S38Ais dnd\babblepsysepey iatvsiclad carfier Pasgb esbblpd gsoughathpligsigdur es

to activate gas phase reactions, which will result in filmformtion at the

si | i cokemifialace from aggl onerated groups in the gas phase - this leads to

hi ghly por : j

PCT/ US00/ 316 4"%%? 8’5%’?*{ ?’gf?tﬂ%gg%%np C?SIE?%F S %ﬁsttﬁéé/%arp Eé‘lé‘:’t@ ihich support as

pr ovi cebstfaty, sugheasat sengeatduptioe suhstrats or waiferad2, w4 precasped. nRteferablyphase

nucl eatjon to take place anpd.still cal.Jowa filmto.formon.the silicaon

nter Stbsl Sepir 6 s dsenBEHtened Mttt St ARin: e ProRGR e haioer I .

. the maubaiodfuphb® 181ERBMAED hBUERS b&TbnP bPMHeRScekiihg dRAMSHr IR NgeIdw [tV as
dielectric constant filmconprised of inorganic and organic materials or

gr oupdnletragd helow itereathodeu E@h@d dreewvaigptd fisalyivithinthepigsessog chpmbael 2

. present invention. Suitable organosilicon precursors that may be enpl oyed

in the present invention are further scribed in U S. Patent No.

6, 068, 884, the disclosure of which is incorporated herein in its entirety.

I n one enbodi nent, the organosilicon precursors have the general fornula of

RnSi (CSI)nmX (2mn+4) (1) where nis 1 to (2m-4); mis O to 4; the

organosilicon nmay be |linear or branched; X is selected formthe group

consisting of H and the halogens; and Ris selected fromthe group

consisting of aliphatic, olefinic and aromatic hydrocarbons, and aliphatic,

olefinic and aromatic fluorocarbons, with and wi thout an oxygen |i nkage.

Exanpl es of suitable aliphatic, olefinic, and aromatic hydrocarbon groups

i nclude nethyl, ethyl, propyl, butyl; and phenyl, etc. In another

enbodi nent, the organosilicon precursor may be conprised of cyclic
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(2) wherenis 1to2m mis 3 to 10; X is selected fromthe group

consisting of H and the halogens; and Ris selected fromthe group

consi sti nq,(ﬁgl,ﬁgd3phati c, olefinic and aromati ¢ hydrocarbons, and aliphatic,

olefinic and aromatic fluorocarbons as |isted above. |n yePCAH§PHE 694

enmbodi i ' OLAAR0kd AN 29 8 apdli

conpri ggg{oo Iné&%%r%ﬁ%??‘lsgétadr{g\sésﬁﬁt eehyg?}r}ul a: RnSi (NS glﬁfnrqgih':(a gmﬁﬁg%ed(t%) 17

WO 01| 8&ACHe3TheSopp@il 684 Anj suitebichepnyeniomabiubatzate suppayt dsehtickmay bor

branched;, and.n js 1 to.(3m:4); m|.s to, 4: X is selected fromthe .group

cons: s EPlpyed ilfahEpiaem AT BhehURY & S Plitdeatipp b R BEVEFssetae el ng

. of al i platdstaticIShpink ©f M AL While RYF6RAR AaiFing dPthedldfBradth &n Ol ef i nic
and aromati c fluorocarbons. In yet another enbodi rent of the invention, the

or ganosliettrastaticpheckuris preférssde otimpr fypesiofiippyrty drchucksanayshd usedndempératune

f la: RaL(SiN m.X (3m.n) -(4) wh is 1 is 3t X
el et Baney BIRRbHSUG B oLEhabis: H Sl ichstieled (ibaflcSurhde? 16 imaiotaly
fromthe GppoR a6ORsif&tat aesifet teéhpdi@idsC Thebeddesting RiPeRAlRERhEE bO KBRS BF bons,

and aliphatic, olefinic and aromatic fluorocarbons. Thus, suitable
pr ecur BYpw, reoBbicHIPSERIYIS - t Hhe Substeate sunport pisouRicipt ingludespmeshagisnemot o

Or gani 6 c5lh AR srekd HELOTL AL e SGHELASLIBARS is LhAALA REnEQRIAR N0

cyclos nes, organosi | azanes, uor osi nes, CycCl oSl azane, SI i cat es,

TECS, aRemBlyE 1arthermedhanim it heuatlyfcompriasid fsinothasestémind ratrate agrveuhs
include: -H -CH3, -F, -C2H5, -CF3, - CZFE% - C6H5, - ngFS, - CF2CF3, and
C- H2 CRappets Bito ERCRiyis g rempys the Maer: avvafn BANSPPR SYsteR (Botsbawnb haviggpd

creat e 8l And e or GRY f‘tcmgﬁﬁge th foaf iaﬂalunfso?{i mea@am%n%gfm&a i oned

precursors, for exanple ure of: silane, rcon tetra fluoride and an
or gani supporec Fhese feangesadrs ovell kinbevinlie theGirt ggir thucare aot Authemdeagréhedtheeeipr esent

i t] i des f he f tati f th , th
e RS e oL et b e Ty P s BR G0T Lo
Wi th conpomepiRe &gdm 10" MAlhitR MRS YatdDaMNAc@in sPE alyGalRACHRRAE

with organic sidé groups may be used. Exanples of organosilicon precursors
t hat arfeltemiatiubfoemac dothdi exgmplary trobodiment showni indligi dehé vacamm syplentlissi | oxane

(HVDSO, 1.1, 3.3-tetranmethyl disi,l ox TVDSO). and the |ike. her .
b gandOMPFiSEho L FPRATESER T2 SRR tYRce P B perpFiesaf pePearissssine
used. chambeier Tk fealld bif eeaHvaition peRneddal fbythe REORINSINaftemat p’dﬁﬂﬂﬁ%yaths
avail able. These materials are volatile when heated and thus can be

i nt r oouliely as dessries inmSithetiaail belewe pdvaptageonsly prometesitheteHanng ef @gbodi ment |
the f idcn})a{ioﬁ Er% gsrgyent ion having the ring and chain structure is forned by
cyclic 8rgano FTeon or cyclic organosil azane precursors. The cyclic
or ganosi | i dapanicubirghaestduar sysenmrmpy peovidbfor iekhauetingrht pravessing chaatber 12
1 uor iart] S‘m),(:j1 gr?cngf', orF zﬁ{énrllzﬁlrv’el};[ l?oet"ﬁ/ OEE&IC ttcj)% o? t tcLl)roetlgo%dof the chamber 12. In Figs. 1 and 2,
vacuum system 50A is located near the bottom of the processing chamber 12, below the plane of
the wafer. Fig. 6 shows a partial, cross-sectional top view of the vacuum system according to
this one embodiment of the present invention. Generally, the vacuum system 50A includes a
pumping plenum 52, valve 54, and a2 pump 56. Any suitable pump may be used, such as but not
limited to a turbo pump. The valve 54 preferably provides pressure control via a conventional
pressure control feedback system (not shown). As shown particularly in Fig. 6 the pumping
plenum 52 in this exemplary embodiment is annular and encircles the wafer support to provide

substantially uniform gas flow circumferentially over the wafer 42. The pumping plenum 52 is
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Exper i nent
invention is in no way limited to the deposition of such films, and instead can be employed to

deposit other desired dielectric films.

The inventors have developed a unique system and method for depositing low K
dielectric films on the surface of a substrate. Traditionally, plasma based deposition systems are
designed to deliver a silicon containing material (such as silane, trimethylsilane (TMS)
trimethoxysilane, or tetraethoxysilane (TEOS)) to the surface of a silicon wafer in a uniform
laminar type flow pattern. The prior art approach has focused on retrofitting high density plasma
systems that are designed to produce highly ionized plasmas that dissociated as completely as
possible the silicon containing precursor. The silicon is then typically reacted with oxygen to
grow highly inorganic silicon dioxide thin films. As described in the aforementioned
background however, these approaches have proven to be of limited success, and have been
unable to repeatably produce films with low dielectric constants such as below 2.7.

Contrary to the teaching of the prior art, the present invention seeks to minimize
ionization of the precursors. Further the present invention promotes the direct flow of 10nized

gases over the wafer surface. This is accomplished by providing two substantially distinct
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surface of the wafer. The upper zone 66 is substantially isolated from the surface of the wafer
and a more highly ionized plasma may be generated in this region. This upper zone with its
more highly ionized plasma can produce ionized neutral species, such as for example excited
argon atoms, which are then extracted by the exhaust gas flow and diffusion to the lower plasma
zone 68 which is less highly ionized than the upper zone 66. Preferably, the lower plasma zone
68 is defined by the region around the distal end 67 of the hollow tube cathode 14, and extending
down to the surface of the wafer. In an alternative embodiment, a cone 70 as described further
below, is placed on the distal end of the hollow tube cathode 14 to further define and direct the
shape of the lower plasma zone 68. Additionally, the pitch, length and/or placement of the cone
70 may by varied to create a third plasma zone as described below.

To create the plasmas in the different plasma zones, one or more gases are conveyed to
the processing chamber 12. Gases are conveyed through one or more gas inlets 22, and
optionally additionally though the hollow tube cathode 14. For convenience the gas inlets 22 are
typically formed in the top plate 20, however this is not a requirement and gas inlets may be
positioned in other suitable locations.

Of particular advantage, the present invention provides for a variety of chemical delivery
options as now described and illustrated in FIGS. 3A to 3E. In addition to the gas inlets 22,
gaseous chemical(s) may be conveyed through the hollow tube cathode 14 and into the
processing chamber 12. By introducing gases through the cathode 14, the gases are isolated from

the larger volume of the processing chamber 12 and its upper plasma zone 66, and instead are
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The foregoing description of specific enbodi nents and exanpl es of the
present invention have been presented for the purpose of illustration and
descripti %01%{}%3? the present invention has been described with reference
to a few specitic enmbodi ments, the description is illustrafGI&SapaI604 not

to be ¢ d us f
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separately i mm&eesleﬂﬁﬁ@ﬁem@&ﬁqeﬁpaﬁ Hef gas Ll &rpoitisicohvayed d e chihb@Gga Of
sai d substrate e systemof claim1 further conprising: a third plasm

zone datlerlogpted imthgacpmplp&ec?@eéﬁxemggmmme ignizqhin 9§pmpé¢sn@| zeherpg by
wherei iy, ’%é‘ﬁ e‘cfcc?r%ﬁglgl AR oﬁ%ﬁtamﬁ?g?‘g eéﬁr%QI oﬁﬁé?ctérﬂ%ﬁé 5&51%5%}{8 Oé’a%smcon The

system O% Wher ei n source

el ect r afi¢ apphtdded aaﬁeﬁgbsacemnvayedalﬁcmrghohe helldw tube tszaocm mmlpﬂ@u@d@arrber :
5. The _system of claim 1l wherein the second, plasma source is co rised of a

hol | owienizsd asdt tayels thrqugh dhagathade and Hé‘tm’(ﬁéé’s@P IRy & piasBezong 68-TihBE syst em of
claim %BFJ er?ﬁ?w‘?ﬁl tfi@foﬂ{z%{j) 1ﬁé??atﬁ1%§%%rd7ﬁ1e gé’r?lygsqnatéb y&% deo& sing

chambef" roug e hol cat stemof claim furt her

conpri pumgmgaacuan away fysi thmﬁamhﬂ”abetmomﬁed by deessuung sghtamnpgoniotss the

e hausEile;;]o%ltfort]leofg .’? EFS OI’I rtl(ljerrslutr ace g{ t & wa érq atCl? gonrRrolled in terms of structure and
composition. This allows the deposition of films that preserves, at least in part, the precursor
structure. For example, if the precursor is a cyclic organosilicon, the present invention provides
for depositing a film wherein the chains or rings of the organosilicon precursor structure are
present in the film, and the presence of the plasma cross-links the components to form a
continuous thin film with polymeric and ceramic features, structures and performance. The use
of the different plasma zones according to the present invention provides for different ionization
levels of the gases exposed to each of the plasma zones and promotes this advantageous
deposition. Further, this advantageous deposition is achieved without the need for heating the
process. The inventive system and method promote relatively “long lived” excited reactant
species which possess enough energy to cause the reactions, without requiring external heating.

Alternatively, the silicon containing precursor may be conveyed to the chamber via a

different gas inlet, such as gas inlet 22 in the top plate 20 of the processing chamber 12. In this
embodiment, the precursor is ionized in the upper plasma zone. Inert gas, such as argon, may be
conveyed through the hollow tube cathode 14. Optionally, a portion of the precursor may be

conveyed though the hollow tube cathode 14 and thus ionized in the lower plasma zone, and the

remaining portion through the gas inlet 22 to be ionized in the upper plasma zone. In general, the
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25 WO 011 36703 PCT/ U500/ 31694 The system of claim 7 wherein the vacuum
system further conprises: a punping plenumdisposed in the top of the

pr ocessi ng, chanber; and a punp coupled to said punping plenumto exhaust

t he gases YR He top of the processing chanber. 9. The syETRISI@II684 ai m 7

wher ei he Vv e r onpeLi : npaul a i | enum
di spos%&h]llg;]alf ﬁéﬂﬁ%}a@gﬁ%gsélﬂgé g?%dcéénsc lﬁgggt? %ﬁ%&? %éﬁgetghgﬁég}? § E%T%we out er
per i phiehizatidn tel@irsd)and tareforuhd aésired aijectnlocationdopthegades. sai d punpi ng
pl enumto exhaust the gases fromthe bottom of the processing chanber.

10.
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of clarm urt rising a cone electric y coup w
t ube qaishitied adjhecnartesurfiase cfthe hebstratee Pueftiahlynie aathbda tH pglpasitienedaevel2. A

system for depositin dielectric filmop the surface pof .a substrate
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into said processing chanber; a vacuum system having a punpi ng pl enum and a

punp doapéwd Otincheai ahdpnorcaseillypetweanabont ot giches, ethgadistence of abritalist ed
from any one. of r hoth o he 1o r .battom of th rocessi n nber ;
and s dnanep PoE st Bred st er e Spiets? B e gt holf BE FER AV uTAg o
rst plsgeRpéiig oM theleSip6dHHd RMAFRIGE 298 PrésSurk CdndPréRtdblPside SEHOROIIGNAS MR
zone, wherein said one or nore gases are seﬁarately ionized in said first

and séatnde plaxsiey soieeboubhinchioates dismeaigrewithiuprip abelt §ildnchasduner dinntaterm a

dielectric Aé %g}ltﬁ)&eh QSO\%,J H ﬁ)%%legfas;;ela? ofstﬂp ﬁl;ersgr;tei‘nvention, a cone 70 as illustrated in
FIGS. 2, 3D-3E and 5A-5B is employed to further define the geometry or region of the second
or lower plasma zone, or alternatively may be employed to define a third plasma zone 72. To
create a third plasma zone 72, the cone can be powered by a conventional power supply or
grounded, and is typically electrically coupled to the hollow tube cathode 14. Specifically, the
cone 70 is placed along the distal end of the hollow tube cathode 14 to create the third plasma
zone 72, which is defined as the volume within the cone but outside of the hollow tube cathode
14. In this embodiment, the second or lower plasma zone 68 is defined as the volume inside the
hollow tube cathode and at the exit of the cathode 14. The pitch 71 and diameter 73 of the cone
70 will determine the relative intensities of the plasmas in the second and third zones, and thus
also the degree of ionization occurring in each zone or regime. The cone 70 may be placed at the
distal end 67 of the hollow tube cathode 14 as shown for example in FIG. 3E, or further up the
cathode away from the distal end as shown in F1G. 3D.

The size of the cone 70 may vary considerably, and the cone 70 may have pitch up to the
same as the height of the plasma chamber 12, and have a diameter that is just less than the
diameter of the plasma chamber 12. In one example, the diameter 73 of the cone 70 may range
from about 7 to 10 inches, and the pitch 71 of the cone 70 may range from about 1 to 7 inches.
When processing an eight inch diameter wafer 42, a cone diameter 73 of about 9 inches and a

pitch 71 of about 1 inch is preferred. The shape of the cone may also vary, for example it may be
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26 WO 01/36703 PCT/ US00/ 31694 13. The system of claim 12 further
conprising a cone disposed within said processing chanber and electrically
coupled to said one of the plasm sources, the area inside the cone
defini ng aYPHIPHP| asma zone. 14. A net hod of depositing a eld:a/bsmmm film
on the surface of a substra&e in a F;o&essi ngqchanber conpri si

h

conveyi RGBAE cane fhewgda £IGE 3Ran fsene maxpelsmeémgsaﬁiﬁ ‘iﬂqéd Bellovyy
conbi nat.l, piept4 a§ﬂ%1ﬂtr9t@@n9n{)@°§e gases in a first plasma zone; second

i oni zi ng”any one of, or conbination of, said one or nore gases in a second
pl asma zone; Tang wheadhé ognet Heis poparedt elgyxs paﬂsmgehowﬂhsholrhovf/mbmmtmmﬂféct ric

il t. f f t trate met.hod_ of cl
e gas Wil OF SHPsEh v oseg ol BAT € giest Bk BspFRLon pf e e BOREHHb T

sai d seqgfisly RitRAhodeARd fukther Eﬁ@od@bﬁlqgja&ﬁcv‘éh%mxﬂﬁm‘cd«bﬁ& h@f G@RWMat S1 NY:
. third ionizing any of said one or nore gases in a third pl asna zone. 17.

The net Iadmhnm‘gectihm lmrgdnaqtmepéthﬁ eoae d0 @n@lcﬂrya&m@hqase@s iteyednirid the ionization of
organ05|tl i cons thod ﬁ ﬁhm 14 vvherg gt one g“i‘ re ses

i ncl ude k2:‘3)’(5?‘%“65‘%5rgg%ler%b%“‘i‘ Fb"é%%"ecwa Thd® et R d 8F'° ‘?‘F%Pﬁzﬁ 'OhEFE M2Eait one
or nor ec@asiing teldegiee asd pretiby bL Yoiliftioh Bs ptaau@ngvention pldieddsabikytepf cl ai m
14 wherein said nethod is carried out at a pressure in the range of about

10 to 10@wrakphthe desired deplectmsicnpeiawfin ghediesHlant ilmprasivvellagitie fsp HBdoEtyCQ¥er i ed
out at ﬁlquu‘ﬁé §Wf§ce%eaaé}QHé watdr2/

To selectively ionize and dissociate the gases, power is supplied to either the main
electrode 18 or the hollow tube cathode 14 via power supply 32. Conventional plasma systems
are designed to highly ionize the gases which create dense films on the wafer, and these dense
films have a high dielectric constant. Conversely, the inventors have discovered that by
employing a lesser amount of power, films may be deposited having a low dielectric constant.
Suitable applied power ranges according to the present invention will vary depending on the size
of the wafer, and the exact equipment configuration, and such power ranges can be obtained by
routine experimentation based on the teaching of the present invention. In one example, the
applied power range is typically less than 500 watts, and more preferably at about 300 watts for
an eight inch wafer and a plasma source volume of about 900 in>. Additionally, unlike HDP or
similar conventional plasma systems that require the wafer surface temperature exceed about 100
°C, the present invention provides for carrying out the deposition process at or near room
temperature. This is possible, since all the energy needed to promote the necessary reactions 1s
provided by the plasma state.

During processing of the wafer, the processing chamber 12 may be exhausted from either
the top, the bottom, or both; however, exhausting from the top of the chamber has been found to
be preferred. In either case, as described above the exhausting of the gases is preferably on-axis;
that is, symmetrical about the center axis of the chamber to promote substantially uniform flow
of the gases about the surface of the substrate. Substantially uniform flow of the gases about the

surface of the substrate promotes the deposition of a more uniform film.” Selection of the
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WO 0l /36703 niforr. PCT/ CJS00/ 31694 22. The nethod of claim 14 wherein said
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is preserved, at least in part, in the final film deposited on the wafer.

The present invention provides controlling the point of ionization/activation of the
precursor material in relationship to the silicon wafer surface and the point at which volatile
byproducts, such as water and hydrocarbon materials in addition to carbon mono (and di) oxide
are removed from the system. The inventors have shown that a low dielectric constant film will
preferably have low density, cross-linked silicon-and-oxygen based composition with a low
occurrence of OH groups. To achieve such low density, cross-linked, silicon-and-oxygen-based
dielectric films with the minimal amount of OH groups, the inventors have discovered that
deposition of the film should take place after ionization/activation of the precursor and after gas
phase reactions have been accomplished to generate the byproduct reactions. Unlike prior
systems and methods which seek to minimize any gas phase reactions and are focused on 100%
(theoretically not possible) ionization of the starting materials; the present invention promotes
only activation of the precursor materials to a level that the films can be grown, instead of trying
to achieve 100% ionization.

Additionally, prior art systems and methods operate at the lowest possible pressures to
ensure that there is no gas phase nucleation and that the film formation can only happen at the
silicon surface. In contrast, the present invention operates at the highest possible pressures to
activate gas phase reactions, which will result in film formation at the silicon surface from

agglomerated groups in the gas phase - this Jeads to highly porous structures and desirable low k
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where nis 1 to (3m4); mis 1 to 4; X is selected fromthe group
consisting of H and the halogens; and Ris selected fromthe group

consi sti NG 1/3%173 phatic, olefinic and aromati c hydrocarbons, and aliphati c,
ol efinic and aPdatic fluorocarbons. 29. The nethod of cl aPETLSOUHEIEI n at

I - | ' ' f | f I f
o Reieh ot e T uORRE RO R RGeS
t he gr oaljpwecthe p&triahgasyfhakt Auvleatibg tdake pruss andRstitbalist £ qlleckoffomiroh bR splicoup

consi sti ntg of aliphatic, olefinic and aromati c hydrocarbons, and aliphatic,
ol ef i ni Wafghihabhasrgood adhesion Mdstmeieal imtesTtx. A A TA LA [ .A Al .A .AE .ASE

. - AG . ANY . Avite sp%ci-ﬁ%alﬁfl, {Bemetiol of ﬁ@prcén{ mvering pr@ViElgs for depositing a low

dielectric constant film comprised of inorganic and organic materials or groups. Organosilicon
precursors are employed with the method of the present invention. Suitable organosilicon
precursors that may be employed in the present invention are further described in U.S. Patent No.
6,068,884, the disclosure of which is incorporated herein in its entirety. In one embodiment, the

organosilicon precursors have the general formula of :
RpSi(0Si)yX (2m-n+4) 1

wherenis 1 to (2m+4); mis 0 to 4; the organosilicon may be linear or branched; X is selected form
the group consisting of H, and the halogens; and R is selected from the group consisting of aliphatic,
olefinic and aromatic hydrocarbons, and aliphatic, olefinic and aromatic fluorocarbons, with and
without an oxygen linkage. Examples of suitable aliphatic, olefinic, and aromatic hydrocarbon
groups include methyl, ethyl, propyl, butyl; and phenyl, etc.

In another embodiment, the organosilicon precursor may be comprised of cyclic

organosiloxanes of the formula:

Rn[( SiO ;lm X 2m-n) (2)

wherenis 1 to 2m; mis 3 to 10; X is selected from the group consisting of H and the halogens; and
R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and

aliphatic, olefinic and aromatic fluorocarbons as listed above.

In yet another embodiment of the present invention, the organosilicon precursor is comprised

of organosilazanes of the formula:

RpSi(NSi) i X (3m-n+4) (3)
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tetra fluoride and an organic precursor are also suitable.

Of particular advantage, the present invention provides for minimizing the fragmentation of
the precursor, thus preserving the general structure deposited in the film. Thus, precursors with
components that form a film structure having an inorganic backbone with organic side groups may
be used. Examples of organosilicon precursors that are suitable according to the invention include
hexamethyl disiloxane (HMDSO), 1,1,3,3-tetramethyldisiloxane (TMDSO) and the like. Other
organosilicon precursors such as tetraethyoxysilane (TEOS) may also be used. The materials
mentioned are generally inexpensive and readily available. These materials are volatile when heated
and thus can be introduced into a plasma CVD reactor system.

In an alternative embodiment, the film of the invention having the ring and chain structure
is formed by cyclic organosilicon or cyclic organosilazane precursors. The cyclic organosilicon or
organosilazane may be substituted with one or more fluorine atoms. Further, they may be saturated

or unsaturated. Examples of suitable cyclic organosilicons include: cyclosiloxanes such as
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' The organosilicon precursor is conveyed to the processing chamber at a flow rate in the range
of about 0.05 to 5.0 cc/min more usually in the range of about 0.05 to 1.0 cc/min with a flow rate
of about 0.3 cc/minute being most preferred. Argon gas is also typically added to the chamber at a
flow rate in the range of about 0 to 8 sccm. The chamber pressure is generally in the range of about
10 to 1000 mTorr during processing, with a pressure of about 50 m Torr being preferred. The
plasma source in one embodiment the main electrode 18, typically has inside dimensions of about
8 inches tall with a 12 inch diameter.

The starting material structure determines whether the organosilicon will be suitable for
creating a low-X material. In one example, the liquid organosilicon is injected into a previously
evacuated chamber at approximately 10 sccm (standard cubic centimeters per minute). No additional
gases are added to the organosilicon. The organosilicon material is delivered through the hollow
tube cathode 14, with its distal end 67 positioned at a distance of about 3 inches from the surface
of the substrate 42 (to minimize the ionization/fragmentation of the material prior to deposition).
By controlling the process plasma at low power (in this example at <300 watts for a 200mm wafer)
and at high pressure (in this example >25mTorr) a dielectric constant below 3.0 is achieved while
maintaining thermal loss (weight %) of <1.0%. It is desirable to ignite the plasma with only the
organosilicon material in the gas phase. Once the deposition time has been reached, the power
supply is turned off and then the gas flows are terminated and the chamber is evacuated before the
wafer is removed and the next wafer is introduced.

In another exemplary embodiment, the inventive method is carried out as follows: A wafer
is loaded into the system (once evacuated to vacuum from atmospheric pressure). Gas(es) is
conveyed into the processing chamber either through the hollow tube cathode, or through the gas
inlet, or through both the hollow cathode and gas inlet. The point of entry of the gas depends on the
desired film properties of the film that will be deposited onto the semiconductor wafer. For example,

if one desires a highly cyclic, porous SiOC film, octamethylcyclotetrasiloxane may be delivered
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deposited onto the semiconductor wafer. The effluent gases are evacuated from the chamber via the
pumping plenum coupled to the top of the processing chamber.

In another aspect of the invention, a nanocomposite material may be deposited, for example
a SiOC film as described above but with an additional material dispersed through the bulk of the film
such as Teflon™ , or any other suitable material. A similar method is carried out as described above,
except that the additional material is placed within the hollow tube cathode. In the exemplary
embodiment where a composite film having Teflon is desired, the hollow tube cathode is either
made out of Teflon or the typically metallic cathode is fitted with a Teflon insert. In one exampie
the Teflon insert has a minimum inside diameter of about 0.125 inches. Argon gas is conveyed
through the hollow cathode and a precursor such as octamethylcyclotetrasiloxane is conveyed
through the gas inlet at ratios to achieve the desired pressure and film deposition on the wafer. In
one example the ratio of argon to octamethylcyclotetrasiloxane is about 1:1. The hollow cathode
discharge in the end of the hollow cathode is selected to be sufficient to ionize and sputter the Teflon
from the insert or solid Teflon pipe. The discharge may be observed by monitoring the optical
emission profile.

In another aspect of the present invention, a method is provided wherein hydrogen (H)
abstraction is performed to deposit low dielectric constant SiOC films. H-abstraction leaves much
of the original precursor structure in tact. Specifically, a hydrogen atom is abstracted from a labile
group such as Si-H, using atoms such as F', F,, O, O,, H, and the like. Hence, instead of using a
fully methylated organosilicon precursor such as octamethylcyclotetrasiloxane (OMCTS), a partially
methylated molecule such as tetramethylcyclotetrasiloxane (TMCTS ) is used to generate a free
radical on the cyclic siloxane. This free radical initiates chemical reactions leading to film
formation.

Because HF has a very high bond strength, F, can be used in the hydrogen abstraction.
Alternatively, a reactive atom or free radical, such as F, H’, or O, or an electronegative molecule

such as O, , can be used to initiate free radical formation on the organosilicon precursor.
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3/1, and an oxygen to silicon (O/Si) ratio of about 2:1.

Experimental
A number of experiments are provided below. These experiments are provided for purposes

0% U& ()- !'$10%&' ()- "l aadddddduj @
Trends reported in the references cited suggest that an optimum composition may exist in

an amorphous organosilicon (SiCO) film for producing the lowest possible K (dielectric constant)

in a nonporous (fully dense) film. That optimum is given by a carbon to silicon (C/St) ratio of about

PCT/US00/31694

of illustration only and are not intended to limit the scope of the present invention in any way.

Experiments were conducted to characterize the hollow cathode source. For each condition,
"pieces" of a silicon wafer (at least 0.5" square) were placed on a dummy wafer. In addition, glass

slides were coated and placed with tape mask to create steps for measuring thickness using a Dektak

profilometer. The experimental testing conditions are shown in Table 1 below:

Hollow Cathode Hollow Cathode

Diameter ) Distance to Wafer

USE THE HOLLOW CATHODE AS THE GAS INLET THEN:
0.375" 6

0.375 3

0.375 9

0.25" 6

0.25

0.25 9

Table 1

Organosilicon

Flow (OMCTS) (mTorr)

cem

04
0.4
0.4

04

0.4
0.4
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Pressure

50
50
50

50
50
50

Power

;watts)

250
250
250

250
250
250
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0.375" 6 0.4 100 250
0.375 3 0.4 100 250
0.375 9 0.4 100 250
0.375" 6 0.4 100 350
0.375 3 0.4 100 350
0.375 9 0.4 100 350

The process conditions employed carrying out the method of the present invention
according as illustrated in Table 1 above are:
Organosilicon Flow : about 0.3 ccm
Pressure: about 50 mTorr
Power : about 250 watts
Hollow Cathode Dia: about 0.375 (3/8")
Distance of the hollow cathode to wafer: about 3"

Additional experiments were conducted wherein argon gas was supplied to the processing
chamber 12 through the gas inlet 22 in the top plate 20 and octamethylcyclotetrasiloxane
(OMCTS) was delivered through the hollow cathode tube 14. The distal end 67 of the hollow
tube (cathode) 14 was positioned at approximately 3" from the wafer surface. The process
conditions and dielectric constant of the resulting film are shown in Table 2 below. The

dielectric constant was determined using a conventional metal dot method for all of the results

reported below.

Table 2
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
(ccm) (sccm) (watts) (mTorr)
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Table 3
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
(ccm) (sccm) | (watts) (mTorr)
3 0.30 8 300 50 <2.5

Another experiment was conducted where no argon gas was supplied, but

octamethylcyclotetrasiloxane (OMCTS) was delivered through the hollow tube cathode 14. A

cone 70 was attached to the end of the hollow tube cathode 14 and the end of the cone was

positioned approximately 3" from the wafer surface. The process conditions and resultant

dielectric constant are shown in Table 4 below:

Table 4
Experiment # | OMCTS Ar Power Pressure Dielectric Constant
(ccm) (sccm) (watts) {mTorr)
4 0.28 0 340 50 2.5-2.6

As described above, an improved system and method for depositing low dielectric

constant films on the surface of substrates has been provided. The creation of a plurality of

plasma zones formed within the processing chamber, which in combination with the chemical

delivery configuration, control the degree of ionization and location of ionization of the

precursor chemicals to promote repeatable and uniform deposition of low k dielectric constant

films. Further the placement of alternative pumping paths allow the use of an above- wafer plane

evacuation path that can draw away unwanted low molecular weight by products from the

desired film, or alternatively the use of a below-wafer plane evacuation path that provides
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second plasma zones, and said separately ionized gases react to form a dielectric film on the

surface of said substrate.

2. The system of claim 1 further comprising:

a third plasma zone defined within said processing chamber.
3. The system of claim 1 wherein said second plasma zone is adjacent the substrate support.

4. The system of claim 1 wherein the first plasma source is comprised of an electrode

positioned adjacent an exterior wall of the processing chamber.

5. The system of claim 1 wherein the second plasma source is comprised of a hollow tube

cathode extending into the processing chamber.

6. The system of claim 5 wherein one or more of the gases is conveyed to the processing

chamber through the hollow tube cathode.
7. The system of claim 1 further comprising:

a vacuum system coupled to the processing chamber for exhausting the gases from the

processing chamber.
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8. The system of claim 7 wherein the vacuum system further comprises:
a pumping plenum disposed in the top of the processing chamber; and
a pump coupled to said pumping plenum to exhaust the gases from the top of the

processing chamber.

9. The system of claim 7 wherein the vacuum system further comprises:
an annular pumping plenum disposed in the bottom of the processing chamber and
encircling the outer periphery of the substrate support; and

a pump coupled to said pumping plenum to exhaust the gases from the bottom of the

processing chamber.

10.  The system of claim 9 further comprising an annular ring disposed within said pumping

plenum and having an eccentric outer periphery.

11.  The system of claim 5 further comprising a cone electrically coupled to the hollow tube

cathode, the area inside the cone defining a third plasma zone.

12. A system for depositing a dielectric film on the surface of a substrate, comprising:

a processing chamber;

a substrate support disposed in said processing chamber;

one or more gas inlets for conveying one or more gases into said processing chamber;

a vacuum system having a pumping plenum and a pump coupled to said processing
chamber, wherein the gases are exhausted from any one of, or both of, the top or bottom of the

processing chamber; and

said processing chamber having a first plasma source for creating a first plasma zone and

a second plasma source for creating a second plasma zone,
wherein said one or more gases are separately ionized in said first and second plasma

zones, and the separately ionized gases react to form a dielectric film on the surface of the

substrate.
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second ionizing any one of, or combination of, said one or more gases in a second plasma

zone; and

reacting the separately ionized gases to form a dielectric film on the surface of the

substrate.

15.

The method of claim 14 wherein the gas is ionized at a greater level in said first plasma

zone than 1in said second plasma zone.

16.

17.

18.

19.

The method of claim 14 further comprising:

third ionizing any of said one or more gases in a third plasma zone.

The method of claim 14 wherein said one or more gases include organosilicons.

The method of claim 14 wherein said one or more gases include cyclic organosilicons.

The method of claim 14 wherein said one or more gases include

octamethylcyclotetrasiloxane.

20.

The method of claim 14 wherein said method is carried out at a pressure in the range of

about 10 to 1000 mTorr.

21.

The method of claim 14 wherein said method is carried out at a pressure of about 50

27

@



& ()- "10% % & ()-&j|[:vU410 & S#10% % & ()- $10% % & ()- &10% % & () -

10% % & ()=, "10%%& (). 110%%& ()-]][: VU410 & SHLO%%& ()- $10%%
& ()- &l0%ShReds 10% % & ()- 610% % & ()- "g10% % & ()- Normml " *Headi ng
13]c" " Heado/ g c" "Heading 33]c" "Heading 43]c" "Headi nd’cg§ﬁ9°’3“%ad| ng

63] c" "keed ng 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font =y&D08gBLgWAAl w&eByqW " $&(*, . 02) 9T@z49x$) . 0QB579: <DEUNV"dj Aox UL

22.  The method of claim 14 wherein said first and second ionization steps are carried out

using a plasma source at an applied power in the range of less than about 500 watts for a plasma

source volume of about 900 in%

23.  The method of claim 14 wherein said one or more gases are conveyed to the processing

chamber at a flow rate in the range of about 0.05 to 5.0 cc/minute.
24.  The method of claim 14 wherein the method is carried out at about room temperature.

25.  The method of claim 14 wherein at least one of the one or more gases is not highly

dissociated during the ionizing steps.

26.  The method of claim 14 wherein at least one of said one or more gases is comprised of

the general formula of:
RpSi(OSHmX (2m-n+4) (1)

wherenis 1 to (2m+4); mis 0 to 4; X is selected form the group consisting of H, and the halogens;
and R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and

aliphatic, olefinic and aromatic fluorocarbons, with and without an oxygen linkage.

27.  The method of claim 14 wherein at least one of said one or more gases 1s comprised of the

general formula of:
RIL(SiO m X (2m-n) (2)

wherenis 1 to 2m; mis 3 to 10; X is selected from the group consisting of H and the halogens; and

R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and
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aliphatic, olefinic and aromatic fluorocarbons.

28.  The method of claim 14 wherein at least one of said one or more gases is comprised of the

general formula of:
RpSi(NSi) iy X (3m-n+4) (3)

where nis 1 to (3m+4); mis 1 to 4; X is selected from the group consisting of H and the halogens;
and R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and

aliphatic, olefinic and aromatic fluorocarbons.

29.  The method of claim 14 wherein at least one of said one or more gases is comprised

of the general formula of:
Rn (SiN)m X (3m-n) )
wherenis 1 to 3m; mis 3 to 10; X is selected from the group consisting of H and the halogens;

R is selected from the group consisting of aliphatic, olefinic and aromatic hydrocarbons, and

aliphatic, olefinic and aromatic fluorocarbons.
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