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of-the-line (“BEOL") wiring structure and an electronic structure formed by such

“method. o

Description of the Prio; Art

The continuous shrinking in damensmns of electronic devices utlhzed in ULSI circuits i in
recent years has resulted in increasing the resistance of the BEOL metalhza’aon as well ag
increasing the capacitance of the intralayer and interlayer dielectric. This combined -
effect increases signal delays in ULSI electronic devices. In order to'impiove the
switching performance of future ULSI circuits, low dielectric constant (k) insulators and
particularly those with k significantly lower than silicon oxide are needed to reduce the
capacltances Dielectric materials (i.e. dwlectncs) that have low-k values have been
commercially available, For instance, one such material is polytetraﬂuoroethyleue
(“PTFE"), which has a k value of 2.0, However, these dielectric materials are not
thermally stable when exposed to temperatures above 300~350°C. Integration of these
dieleotrics in ULSI chips requires a thermal stability of at least 400°C. Consequently,
these dielectrics are rendered useless during integration. :

1



commercially avail able. For instance, one such

material is p olytetrafluoroethylene ("PTFE "), which
has a k value of 2.0. However, these dielectric

materials are not thermally stable when exposed to

t enperatures above 300350C. Integration of these
dielectrics- in ULSI chips requires a thermal stability

of at least 400C. Consequently, these dielectrics.

are rendered useless during integration. 1 The |owk

mat éi‘heddm—kmmdh ﬂmehdve bmccomi;dembd fardpglizaticapipl UicSl dsdees include

VLS| d t

BRSO3 b D Bbraf e ot

ot h Qﬁ'ganﬁfaﬂdﬁiofgaﬁﬁ 9?15@'&& JBéH mstm% ﬁWeﬁgN Facket ersil. dPoperties of
paper er et a ertl neM/

i ell’@‘é’t Py élH@ems s%qqtams*mnrpno‘iﬁ?c&l PR elactrigs %.___t Res. Soc,

di el [ P198.476 M?W) 33 YescribiiGnatepial e appé&@o saﬁé@%)the&ﬂhl

descri mat eri al’s that -appear to sat thetE nf?ywhen

st awtqbilﬁbymﬂwmmtew@&fhouﬁw@wepﬁ@eﬁm P’B’Pa&%
mat & doﬁllng &aﬁ%ae& fo@‘ﬁhé%rﬁféﬁhﬂ e iﬁfb@d%nne@%&hﬁgvhen films are
thic es nee n :

nes for | egratlon in the

i nt dwenered b e m—pm@phwwemﬁé@wwnﬁhwmw@ﬁwws%wst and

S p' r tibeSe Rk Hﬁﬁass Fro B3 "R Bntrasi 16 {HN, BOktloE Mk fabrication steps of
s are high cost and roh|b|t|ve for use.in g

rras yelpfrleraeﬁqaﬂedﬁtegrlahondo‘mﬁlawdtl&sﬂ Hiies argesgried gpt hyplasma

f abr, &1 %ﬁ 19 Pabricat
B e e

* enhdeiekamatsriehiycanlasgia eplwsqdccapmwryewor é@ﬁﬁgﬁﬂt Qp ‘%EQVD”) technique .
t ec hﬁﬂng Wedily aVagab rédessﬁlgtequ@ﬁ&é&t RIRERp By theQMdtdiaMRinRiaBbn in

asnd enhanced chem'cal, vapor depositi on

BCRERGPTErEs, ! uefs,mﬁogch@gag Fo5t; getggsg bazardous waste,

p r O CES Fallt I@%’H 48 U?H-I éen#ate% loAR]séd 9ﬁ1c51h@arm'i\/ﬁfehﬁl issBed 14 November
Inte ration nu aCturlng process, reduce

8@1“%5@“14@0 g ommon pygisrer HPPEE s hazar dous wast e.

LSJ Fmﬁﬁﬁ@cg&g mmp&afb&i{erlaﬁ%yeéfbﬁmaamm&ﬂty%m &ibgg ghultralow
ilicon r eria SS en o
as siGFHEHS t%na?mglll\‘%@?ﬁ*"o n #@e ’gél m}m%&?%&%ﬁga%lemc

i NV entstaatne e thacos, pod aﬂaﬁﬂtmgmyém cratiypropi@ioavelecifies.
its entirety, described an ultralow dielectric
constant material, consisting of Si, C, 0 and H atons,
having paed N6l 6302, V%QMulﬁﬁlﬁ@HﬂﬂtDldlwﬁ'lc gafsient MagerialJssGed 6avdlember
'exhl ow cr.ael

S et e caipn SUBEL o R RRIAI A o RolrblaE ey
Constfermceiva‘ﬁerl al, issued 6 Noverrber 2001) assigned
to t] e

teH@re&ﬁ@@%lEﬁ@? ﬁﬁaﬁﬁ@ﬁe leatebgl coﬂﬁgfnﬁ BF o MR BhthRReTi, C, O,

i ncor ereln et enc nits entirety

des end Betms, eplase qmvmg@d efimeinlyf anddbilems eRdigvise aéwiectnc
Mt hordnPIRRRGe Han 2. 1shofld be noted that continued reductioft of the -

dielectric constant of such materials will further i mlprove the pm‘fonnance of electronic

devices incorporating such dieleotriw

In view of the foregoing, there is a continued need for developing a dielectric material
that has a dielectric constant of not more than about 2.8 and inhibits cracking.



and H atonms, a phase conposed of mainly C and H at ons,
and having a dielectric constant of not nore than
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as well as stabilizing the plasma w1thm the PECVD reactor.

It is another object'of the present invention to provide a method for fabricating an
ultralow dielectric constant material for use in electronic structures as an intralevel or
interlevel dielectric in a back-end-of-the-line ("BEOL”) interconnect structure.

It is yet another object of the present invention to provide a thé:mally stable ultralow
dielecttic constant material that has low internal stresses and a dielectric constant of not
higher than about 2, 8. More preferably, the dielectric constant for the ultralow-k material



interlevel dielectric in a back-end-of-the-1line
("BEOL") interconnect structure. It is yet another

obj ect of the present invention to provide a thernmally
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wherein the insulating material can be the ultral ow k
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than the first tinme period. The second tine period may

be at |east about 10 tinmes the first tine period. 5
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The cyclic siloxane precursor utilized can be tetramethylcyclotetrasiloxane (“TMCTS”)
and the organio precursor can be cyclopentene oxide (“CPO™). The deposition step for
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~ and then at a temperature not lower than about 380°C fora second time petiod, wherein .
the second time period is longer than ‘the first time period. The second time period may
be set at least about 10 times the ﬁrst timeperiod. The cyclio siloxane precursor can be
tetramethylcyclotetrasiloxane (“TMCTS”) and‘the oyclic organic precursor can be

" eyclopentens oxide (“CPO”).




and then at a tenperature not |ower than about 380C
for a second tine period, wherein the second tine
period is longer than the first tine period. The
second tine:periodmy ~be set at |east about 10 tines
the first time period The cyclic sil oxane precursor
can be tetranethylcyelotetrasiloxane ("TMCTS ") and
t he cyclic organi c precursor can be cyclopentene
oxide ("CPO'). 7 The present invention is further
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electronic structure may further comprise a dielectric on top of the second layer of
insulating material, which acts as a reactive ion etch (“RIE") hard mask and polish stop
layer and & dielectric diffusion barrier layer on top of the dielectric RIE hard mask and
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material may be silicon oxide or silicon nitride or
doped varieties of these materials, such as
phosphorus silicate glass. ("PSG') or boron phosphorus
silicate glass ("BPSG'). The electronic structure may
further include a diffusion barrier |layer of a
dielectric material deposited on at |east one of the
second and third layers of insulating material. The

el ectronic structure may further conprise a dielectric
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di ffusion barrier layer on top of the second
dielectric polish stop |layer. The electronic structure
may further corBRIEFDESCRIFIEONOETHEDRAWINGSof sane
materials as nentioned above, between an interlevel
dielectric of wultralow -k dielectric and an
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become apparent fromthe follow ng detail ed
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Si 29c16fm &RGH 1h b Bighly prediied ki e%&ctage&é?ﬁ oRiEREL 0%hd n =2,

repeati ng nmethyl éne"groups in €ach <cycle, mand n. In
a highly preferred case of cyclopentene oxide, m= 0
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Figure 3 depicts a cross-sectional view of a parailel plate chemical vapor deposition
reactor according to the present invention.



determ ned by mand n. In the exanpl e of

9- oxabi cyl o[ 6. 1. 0] non-4-ene, 1= 0, m= 2 and n=2.

Figure 3 depicts a cross-sectional view of a parall el

pl ate chem cal vapor deposition reactor according to

- the present invention. 9 Figure 4 depicts a Fourier
TransformiInfrared . ("FTIR"') spectrum obtai ned from a
SiICOH filmdeposited froma m xture of

tetraraet hyl cyclotetrasil oxane ("TMCTS") and He

Fi Omig6re s ddfipls & IFBuder Thhi PR bbd (MPIRL ?kﬂb&%&i Bmsihéd]?om a SiCOH

inventive ultralowk material deposit'ed froma
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~to the present invention. Figure 6 depicts an

enl arged, cross-sectional view of an electronic device
havFigege Srdepiots & FATRoedtruch abtaisted fiom thedpuentisiendtrelow-k material

e A e

an isweéndioged, cross-secti onal view of the electronic’
structure of Figure 2 having an additional diffusion
barrier dielectric cap layer on top of ultral owk
matléguraﬁ deficth an endargaddirosg-séotiondh eieprof seelbctionie dem«:edmvmg an

{ ncflefy SRS Byl Dol Bl o RO T RLUPHE il
addictarding ko tRe prebeat idventiek/ pol i sh-stop dielectric cap
| ayer and dielectric cap diffusion barrier on top of

the polish-stop |ayer according to the present. :
i nViBgure @ depicts guw@r@dmmeoﬁom viewloétbg@wgtromc structure of Figure 2
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di eﬁlmcmqrémgwmyemt invsption the interlevel wultral ow k
material filmaccording to the present invention.

DETAI LED DESCRI PTION OF THE PRE + + RRED

EVEbmiref drpists arenizged, aesErerian! viaw of the sleptroniorstracere gfFigure 3
di §

u %ﬁ?éiﬁaﬁlﬁﬁgﬁr@@?@@ns éfﬁ*? ?*P# et Eﬁr}éﬁ*ﬁ“ e
pl Sdusionhaicr aytop REHP eTREEdng fodhe pwsmpmwon)
reactor. The materi al d| scl osed in the preferred

ey di t .contains a matrix of a_hydrogenated

oxi awgg depisis Brslsparenye- ekl Yigy of t&F elegiionic shpte pHEjgure 4
Si hatGhg Sdditone] RIF hardansBlepaiskeiop Wieleotid Bfferd 6h 1B 0k the Rerlevel

h viQ i [ n f r han
a ov?—k%la ena.lc islm a%co%dCingS tto et prgsentqg\;entrlro% e tha

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE INVENTION

'The present invention discloses a method for fabricating a thermally stable uliralow
dielectric constant film ina parallel plate plasma enhanced chemical vapor deposition
(“PECVD”) reactor. The material disclosed in the preferred embodiment contains a
matrix of a hydrogenated oxidized silicon carbon material (SiCOH) comprising Si, C, O
~andHina oovalentlybgnded network and having a dielectric constant of not more then
about 2,8, which may further contain molecular scale voids, approximately 0.5 to 20
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about 2.8, which may further contain nol ecul ar scale
voi ds, approxinmately 0.5 to 20 10 nanoneter in

di aneter, further reducing the dielectric constant to
val ues bel ow about 2.0. More preferably, the
dielectric constant for the ultralowk filmis in a
range of about 1.5 to about 2.5, and nost preferably
the dielectric constant is in a range of about 2.0 to
about 2.25. To produce an ultralowk thermally stable
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P iR em SRR R Ofrde? &Rl of SR a FGe film
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maﬁlgsréal te?at has an ultralow dielectric constant,

than about 2.8, which is suitable for
|ntegrat|on|na) 3EOL wiring structure. Mire
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e prepar e ffoosion
film isi in a range of about 1.5 to about 2.5 and, most preferably, the dielectric constant is

ina range of about 2.0 to sbout 2 25, The inventive films can be prepared by choosing at

least two suitable precursors and a specific combination of processing patameters as
described herein below. Preferably, the first precursor is selected from molecules with
ring structures comprising SiCOH components such as 1,3,5,7-
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| east two suitable precursors and a specific

conbi nation of processing paraneters as descri bed
herein below. Preferably, the first precursor is

sel ected fromnol ecules with ring structures
conprising Si COH conponents such as. 1,3,5,7 11
tetranet hyl cycl otetrasi |l oxane (TMCTS or C4111604, @6
or octanet hyl oycl otetrasil oxane (OMCTS or
C8H2404Si 4) . More generally, the first precursor is of
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volatility such that they may be introduced to the
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Fi gure consi dered, suita
: ggenerally, speXm tiat fit the fonnu?a shown in ‘rpgure 1 may be considered suitable.

Additioﬁally, the second precursor may have some degree of unsaturation as in
 9-oxebicylo[6.1.0Jnon-4-ene (bp = 195°C at 760 mm Heg) or compounds of the general

structure shown in Rigure 2. Furthermore, the second precursor may have additional

functionalities including, but not limited to: ketones, aldehydes, amines, amides, imides,
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Addi tionally, the second precursor may have sone
degree of unsaturation as in _

9- oxabi cyl o[ 6. 1. 0] non- 4-ene (bp =195C at 760 nmm Hg)

or - conmpounds of the general structure shown in pigure
2. Furthernore, the second precursor may have
additional functionalities including, but not limted
to: ketones, al dehydes, am nes, am des, imdes, 12

et hers, esters, anhydrides, carbonates, thiols,
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prefera &Dfrom about scorn to about scan. \Wen
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Mor ydRiisRfl 8lagtBb From!aBEut BFNEHh 1050 s6dl Mére fdf@ﬂﬁlﬁ M&Lﬂinoﬁﬁl of COy is
scan. t o about 500%\"2’83{1 zémd t he .anount

2o dromT gLy} spgm TR N RN
par abb@l3opécai € pl asma enhanced chem cal vapor
deposition ("PECVD) reactor 10 is the type used for
processi ng 200 num wafers. The inner dianeter, X, of

t he AsSh6W®in Fifure S, paﬁanlelqsxawﬁmh;enﬂaacédmhmm vafior depokitien

L T R

Re acli mundter, g6 3 theaeaztor O tsaﬂpmadmﬂelytlﬁ imchesg tvbile ifsChetght, ¥ligh

apaprpriieoths pPliel 1B famte P Byt ot s BBty 0.

i nchinchan Reactn geseh angstteduced untamfeaa’cca'awtﬂuough@ gahdl@tagttioa plate
3-1 QQ%D?’&EQ a‘ 1s%8£ec|ed 8art ﬁRF géﬁﬁfe cﬁ'\gok 12 By?%%[@ 6t ?ogfnrl%ch and

rica ylnsu at'e m reac
10, ssnekhansied ontaifeeacton tkthrough a 3-inch exhaust port 18, RF power 20is
connected to GDP 16, which is electrically insulated from reactor 10, and substrate chuck
12 1s grounded. For practical purposes, all other parts of the reactor are grounded. Ina
different embodiment, RF power 20 can be connected to si;bétrate chuck 12 and
transmitted to substrate 22. In this case, the substrate acquires é.negative-b_ias, whose

value is dependent on the reactor geométty and plesma parameters. In another

embodiment, more than one electrical power supply can be used. For instance, two
power supplies can operate at the same RF frequency, or one may operate at a low
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12 is grounded. For practical purposes, all other

parts of - the reactor are grounded. In a different .
enbodi ment, RF.power 20 can be connected to substrate
chuck 12 and transmtted to substrate 22. In this

case, the substrate acquires a negative bias, whose

val ue i s dependent on the reactor geonetry and plasm
paraneters. |In another enbodi ment, nore than one

el ectrical power supply cati be used. For instance,

t vvcfreqmwe andsomp pi d legh frequerp o Tl tevo @bwerhmﬁlas‘may BeéFconnected both

T TRORTMA N VTN N 0

u;b?gﬂ?y caabe palbicbnlaad biF diuing ﬁ)s&i@ﬁEPﬁb@sWdiﬁﬁles htrblfed during

araje e rod not her enbodj nent, the RP
5’@5?08} tion a’bﬁ? kHigas aﬁ@ﬁ@ BRIV PreshrgoT Ritugs Andl flgw rate, pressure in

deﬁéh‘étoi'aﬁéﬂsub&h@&t@ﬁx?er&ﬁfd abl es controll ed during
dep05|t| on of the Towk filns are RF power, precursor

mi »uefpces Zhef reactas 10 meap be proted Svith en nfulating edting meaterial. For
SUbysrkdnd, Snésﬁ%‘ﬁé @byéﬁoaﬁyﬁ BERS of fedefor %ﬂﬁ%@f a t’b@cmay of

be coat e an 1 nsul coat.i ng nateri a
" ndeverndmils owtkqswppf goatingya @ﬁal tatangyrhy used oamabstreta cl@mklzls

r eaqhif toadiRk bisalﬁﬂmi 8k Gthdr HisRKIBLRS sttt to é&Y@r vith dﬁ‘olxggen Rlasma.
Anot her tyge o@coatl ng material that ybe use

suldde pempera eiheated wafsr ¢hmpk.copsels mqguhsvatmw@reor
ot her insulator resistant to etching with an oxygen
pl asma. . The' t enperature of the heated wafer chuck

| comqspréartcﬁ the present inyertionewidhl et and sqepnd-precyysan gacdspesific

Pr @&@kihation 6LpYobRSing Sdldrhdddd Goséribed herdh Ghov8 &@Rehployed such that the

precursor nd, specific ‘conbipation of procéssin
erlirelosck Piisesl Pepaed Fre Eﬁbwecoaweseérbﬁmwogugwd about

t h am atbﬂﬁb petddeITSi; betwebid arbahmmh alioRt £5 dtéthicp aemaml between 0

0t anfopkab el oot Sapd et o i

at(brnc percent of C betvveen 0 and about 50 atomc
percent of 0; and between about 10 and about 55 atomc
percent of H. The main process variables controlled
duThemaia pebepss vatisbien cptotietdiihga depobitibmpradess hefilfare the RF

205, b o4 85 AU EH S Ppl WE E0St 0 e
p r essstor presawrd andhibe subisisate taperatersp Eroxtded bereifPbelow dmdeveral

€L inibidd %k&’ oéHibt ofﬁﬁﬂ?@ﬁlmé?ﬁ?s‘?gﬂeaﬁsoﬁeh%&ﬁﬁb}o {oPkafoxane

f| ['ms “uti 1ng a
t e(TMEEBrang b e5condpressos p)rctmaﬁ@e o ENCCBP mardwell as demnition of

pr d

e BB B Pleo YA B8 O SechrtflD B BB, o e

acewrmplard- Zs e TMCTS reausor vapoms wefedransporied ipve the reactor by using He'
a9 a carrier gas, while in the examples 3, the TMCTS was transported by a liquid delivery

systm. In the examples 5-7, the TMCTS precursor vaporé. were transported into the
reactor using CO; es a carrier gas, whilein fhe example 8, the TMCTS was transported
by aliquid delivery gystem. Optionally, the filins were heat treated at 400°C after

' deposition to reduce k. | '
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exanples. 1-2, the TMCTS precursor vapors were
transported into the reactor by using le' as a
carrier gas, while in the exanples 3, the TMCTS was
transported by a liquid delivery systm In the
exanpl es 5-7, the TMCTS precursor vapors were
transported into the reactor using C02 as a carrier
‘gas, while in the exanple 8, the TMCTS was transported

by a I[@gw d delivery system Optionally, the filns,
¢ be grenhesized shat Bigdrbrigationmethd pesaiding shthe prepeng invention is

rre . %ﬁa/ ba ngc;(i;ér)(g} tﬂ’ﬂlﬁﬁ%g Efﬂﬁﬁﬁb&l%gct&]?ﬁ hds Q%ch%rge&ﬁédfﬁm uniquely

resent 1 nvent

posdéfiried gmyvﬂucqndntmsn @M@naeqwmr of differend geotmtry isused wdsr the

condries LSRNtk b st Aol ol R O Whillow, dileci
us e donstedie For instambefthamal@t plaie heactornatcdrdiogto, the ]breseﬁu ihveatlon should
Conbh it 48 s BFheAE. B8, Rl h%k%% Pl Wt an,end
acc preﬂﬂrm;y etweeh abqmt 860m” aind: ulmfut 600rem3. h"ﬂwl gelp bétevean thesubstrate and
2 s Bt B8 s Y B S D o, ane
c ng pre&nabl;a)hngu&;r gltﬂ?lt E Br2m ofth ebcgua‘b clh.ei:x\%gmwbhe apiied toraat of the
por sistSaE R E R e Aot P4 kb b S 76 ey ot
bet mgl?mr-]l21 Aﬂo?lﬁeqmg«l:?gduw I'MHzmovﬁerﬁ qqmﬂmaﬂylbe applied at
bot "Eﬁmaﬁs%eoﬁa i 5 oyl 1 B SRl ol U TR api ot
at tebhdWed’3. 56 MHZ. A | ow frequency, below 1 I\/Hz

power can optionally be applied at the sane electr ode

as the RF power, or to the opposite electrode at a
' powBhe depositionconditigns utlized arewsmﬁtlcamgn@m;wqesaﬁﬂ implementation

congphl ?ﬂ{%s:ﬂérpﬂ(xbéﬁsda ot o% ostﬁ? {r}re.ﬁhﬂ ;ﬁ@e’h tidrO FEIARe wafer

SuUcCcCess ositlon process

acc tempienatyrg of baw@erpa’o@gte%t’c prr/abaut 38H°C, ﬂ:@rpmfﬁebla pEketwegn about
o t
1518 SRR RO ol ARED A0Sl A A,
' 2008bqus1.0 /pmz aefl profermbly petmieen ehoni) 25V fowt saRoRINN/om” is
0. OgiMes R r@a@ﬂnt gabﬂw rate &M@ﬁ@m@&g amef %ﬁ%& about 1000
bet ween about Wcn?2 and about_ O.
ut i Piegiegnd PAefF%‘&lP%FWF“’g%?g‘“W o %&débw Zeﬁxm w@ieséeﬁ reactant
gb ? pis fowseR r@tf agcéi batheet abbﬁto.ﬂsgcrﬁ ?ﬁiﬁbgﬁtﬂdOWc&ﬁ Sind ?{eYerabéy
e ou s abou sgam
B rn oA 5o B Avat 2GRy B ddnLitiat b SEpe of
an dTMC@QGJﬁe@ Coyis aathspcaiier Mhmnntmme RedabRUbot 0000
;g?g]ch]gap Do fél;:f Ozsalclg 02 1111)Ec’tuvléI tare respec 1ve1}{_\ﬁ'tn? taT?out E? s?cgrtn 0 {000
seem for CO; and from about 0. 5. gcem to about 50 scom for Os, and flow rate for CO,
from about 15 scem to about 1000 sccm. A total reactant gas flow rate of TMCTS-CO;,
where CO; isused as a ca_n‘ier ges is preferably from about 50 scem to 500 scem , flow
rates for CO; and O; mixture are preferably respectively from about 50 scom to about 500
scom for CO; and from about 1 scem to about 30 scom for Os, and flow rate for CO,

' preferably is from about 50 sccm to about 500 socm. Reactor pressure dyring the
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TMCTS- C02, where CO2 is used as a carrier gas is from
about 25 scamto about 1000 scam flow rates for C02
and 02 m xture are respectively from about 25 scorn to
1000 scorn for C02 and from about 0.5 scamto about

50 scorn for 02, and flowrate for CO2 from about 15
scamto about 1000 seem A total reactant gas flow
.rate of T 4CTSCO2, where CO. is used as a carrier gas
is preferably from about 50 scamto 500 scorn, flow -
r at depokition PoRsshetvedg abaut SQmdoneed show580GmTgrr, and preferably

respectively 0 bout 500 scam for
COZngaenﬁ%g'#]lééﬁ@?ﬁ?&gébc?rg%ot%g&?gggst‘ﬁggéﬂécor n for 02,

and flowrate for CO2 preferably is from about 50 :
sca 0 0 00 scorn. .Reactaqr, pr.e re ri -

5 TheouT v ot e SERED o R sORRE R P b gt X B o
a_kFo uﬁanés)g&n gWﬁl?é i?x}otﬁdldno @b@fm “°¥?3|d°e‘“m, ::ahcm lcxﬂ’o(giu chenge
mrorr _.and abou orr i-s utilized. shou e,
not élszeab%faﬂare% Fomet gredgusly Sﬁ'geds Stoelays ”e‘%ﬁ'rﬁﬁé‘kth"
by  @reh 86O Fubstfte dhuék by efacteh INGR ofch@ige B thebdpdeiwred the gas
range ,et\A/en'i:n about 300 cgﬁ

cha%{?@1 uton WW"

R0 3 ety 2, S0 g Aoty speciid
Pr ejiDbSisYochRa Withia@HangSbirh oYY Z, & tabgd3 dlowiriited fien thatr ea

e DRSS tHARBH. £ T igmitn PP bAAER 1 FARcha Ak D obotete

su b%féxﬁﬁoékamﬂsﬂllﬁld’@% -s@bstnite ElQIclf a%d thé ﬂﬁmateh ﬁf thp gﬁgé @fisiloyne
speci fi, Wi, € associ a h a,cha a,

£ b eahvidiptdepiaonato ATPERA LU Py B ARG P input tothe
Pr eYéaeidfirY maRiphéd Hyedotal funtbendfldepcsition startonelmpids ihe reattor.
reactor is used, the area of the substrate refers to
each individual -substrate chuck and the flow rates of

t he TYa8@osited fibhis drostabilized befthewndigdingferies intdgetios pratdsting, The

A 1L.ngl total .fl d tatal. i '
LG o) A DY 65 R G i PSS PR
depabat #009C Srattinwysriodisitween nbmt 0.6 hotrpand abbws 4depssTheed |
il tabili e

| e S BEfiotbbis L Bl BEL ARG IR AR @%ﬂ*&%ﬂ“ﬁ“ﬁ%@ pogess st
be peufentmmabive abhout 30476 Shadinkesttic capstentepf the HlmsebkingboC

to aé:.%pcﬁﬁé té g%&-efs%rt ?{%ﬁtioﬂgﬁgﬁ%&%gﬁfuwg.n TROQNaDstaBility of the

hour's an urs. e stabilization process

can filths ebtdieed penofding te theipresent iuysntipntimean-axidizipg rmhiengig up to at

Progess Q?szb ghiUoe% above about 300C. The
i té%pe(r:%lﬁs ants o?rct

di electri he fil nms obtained according
to the present invention are | ower than about 2.8. The

t heriB bestHopfRidkiited tned B@ordigl tihe pREGL MOhtBE 6@ klwidn Figures 6-

the present invention in non-oxidizin

) _ anbi enI _-is up
to & It sh@g@be@tqdél%g\egpup@ shgwidip &g gg(gre merely illustrated as

examples according to the present invention, while countless other devices can a’i‘so_ be

formed according to the present invention.

Figure 6 depiét's electronic device 30 that is built on a silicon substrate 32. On top of
 gilicon substrate 32, insulating material layer 34 is formed with a first region of metal 36
embedded therein, After 8 chemical mechanical polishing (“CMP") process is conducted
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The el ectronic devices fornmed according to the present
i nvention are shown in Figures 6- 9. It should be
noted that the devices shown in Figures 6-9, are
-merely illustrated as exanples according to the
present ‘i nvention, while countless other devices, can
s so be fornmed according to the present invention. .
Figure 6 depicts electronic device 30 that is built on
a silicon substrate 32. On top of silicon substrate

f32 , ol fBtbgéd mrfldmta 6/ai fidn s{xoh)a@(m tggalbﬁr-ld‘ﬂlmmﬂds &Ui?shte@on top of first
Irst r n, or ng e ter a
cheveal mﬂgwamateapﬁﬁam? S 1RgjoR 0 %W“’l;%gp It e o nsulating

COQHM&MQM ﬁyeélsuﬁthm fonh@ﬁf@iﬁc&foﬁ&; alicon Gitride, ﬁdﬂedﬁrﬁ‘iéﬁgh of
as an ul tral ow.k IS dep03|ted Qn to

| ayfh%emﬂtmﬁlémraw %ﬂrﬁﬁtabhw ating THeriels rlgtral?%.ﬁérn 3g,;s atternied
et o phByol i&iopri,g ) 0684 ol ey is BB Harcht A CMP

of silicon oXide, silicon nitride
dopmceseam t.ce@iu@apr layendQ is cm@putaﬂegondéqyeranfy tegtomeks film 4415

L

c onatedyiog ﬁmhﬂ@ﬂowﬁ file 38 troenrductos kagerd0. Gpmdugtoplaygys0 may

CC B Jr Pl OO A B AR i . ox
pI digstence mivastaliicicontistiy emptenahplrturaiapo of @qpmt, qr ammaﬁ!
gfgaérm s }(%}u{ﬁd@ 8r $di (%sﬁﬁnﬂn&}‘@é WRiltz&4, fmkm&&ap@b i id dlotrical

uctor layer ct or ayer be
demmmwteﬁn»dthﬁstmmvcof@mh%t i ve rmterl aI or a
non-netallic conductive material. For instance, a
nmetallic conductive material of alum num or copper, or

a i fecarst ragipn ef geadustor 49 is foraed, B nhetoatéwmpw%ﬁqmé@ﬁnd
MRy o it 148 44Fg eo%au&éanfans&éabyﬂaodeb&moa c&@‘fdr'tlfe%lecond

communi cation wth first regl on ITEt al, A's

- edioBfbclr matsRaly, Spend sadpcons ,nppé{@lso be deppsi f either a rneterdg

Phoh&ibrial M&Rﬁ&ﬂh&h&&m Sinhilir fAEQ m.eied it BdpbsHimpvh & firt dofductor
| ayer 4|s conduct ed Ilogﬁd,b gaiostlon

pr JEEE 401 B se BB e Beghgith the first
co l’l@%&ﬁﬁ 6F cobdhcRy0 ﬁd&@eﬁ&dd&dﬁ@&b%@ﬁn@l&y@ bf figilow-k msulator 44,

| t t
g s I 5 el By Bl
40 maibrial 3% clarids mgﬁomm@leﬁhm flrsclaper obMisulating materielci8y wiielh is an
Ll t h.,th f ,
c b R et bt obfriony i oVes ORCHE S ilecic
i nsmbteriab rwhild the s'ardond hperofithsulating tmatnhal,l i.¢.sthe dimalewdki filumdid sserves
t A i |
0 BB Mok e Sl S B A B o
of thmslutlawﬂ«i@rmmpanqrmuE&g prdriegi cancbeachievigll by ﬁtSbimlkatmg layer
mtﬁdp ‘ﬁg‘ﬂé‘ﬂg g&&he present invention, serves as
eve .

an 1 n ctric

Figure 7 depicts electronic device 60 according to the present invention, similer to that of
electronic device 30 shown in Figure 6, but with additional dielectric cap layer 62
deposited between first insulating material layer 38 and second insulating material layer
44, Dielectric cap layer 62 can be suitably formed of a material such as silicon oﬁde,

t
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material, while the second | ayer of insulating

material, i.e,, the ultralowk film44, serves as

both an intralevel and an interlevel dielectric. Based
on the low dielectric constant of the ultral owk

film superior insulating property can be achi eved by
first insulating |ayer 38 and second insulating |ayer
44. Figure 7 depicts electronic device 60 according to
the present invention, simlar to that of electronic
dev Ismeoﬁﬂtrﬁb,@ﬂmn dkyﬁlhﬂier ﬂh@u ch-bi‘de,\sdliodsn adﬂrd:mdbr(SiCO), modified

d|eI r|c eposi. ted en fi

st tydios rcoerawa% eecellon SRty ra?trlﬁawon nitride,
mat thx%ln th@ﬁéﬂ‘iotorffﬂretaﬁ's eéwdeddrms:grs@moh@mag of Zo, G HH end W,
suitahbly |aI suc i con oxi de,

a
17 &drhtlem% mreﬁwer@ lasser 152 ﬁwa&w 43@8@@%@% laygs for preventing
car Qi#’l@mn ot ﬁﬁ&@ﬁﬂrﬁ@f R9er WY ir6 sdostidhdulati AP e A Yayer 44 or mto the
ultr wk and their hydrogenat ed conpounds, as wel
as ﬂ‘éﬁ'lﬁé’%@?eﬁ’éﬂﬁm@ﬁyqﬁﬂrﬁﬂﬁﬁrr de, wherein the |
refractory metal is selected the group consisting of

Ta, Zr, , and W Additional dielectric cag | ayer 62
f un&gumwﬁsdea@tsanqjherﬁweéﬁ%@ndmeeto fiekpptegnic dgwicp @%cﬁrdrna@o the

di f H&énmvaruoﬁ' &%rec&mﬂwce Fo Ry deltfbgal'dﬂatléétrfc%ﬁﬁ ers 72 and 74

instl ating material |ayer 44 or into

| ay éabact essinddE anepland GNP (cheraicd] mrhvaml P@EShlng) gglﬁ@ stop layer are
deplclss pRAQtNetC @rlr IRy 7h B 0%15639&1 SHRBY ofPrst %eﬁ&ﬁgofaatam layer 38,

device 70 accarding present i nventi on,

el edhe ﬁlﬁrt@n@wpleenqbyerﬂw 1 gepvide am end neing fos élterql‘él’ EfQEPSS utilized

| ay ﬁrr#an%ﬁmﬁgﬁm%nddcrmayewo @ahmtoﬁhgmsdan 8EGbpEaRd of a suitable -
(cheni cal - mechani cal _poli sh |n§ pol.i'sh stop | ayer are

us e dicletrip mategiplapeias silisononid nifgde, @%ﬁ&@@é& siligon carbide,

top sr‘Honf daftdloxide E8iCe), 'nilﬂlﬁé&hﬁfaloﬁl-k AR hyBrogenhitd@ compounds, as

funct f dlelectrlcla er.72 is rovi de an
ol Hel FEeREEY BBl oG auade b n gt mpreAds Fsefe) Som te

firgioup Grﬁﬂﬁﬁﬂgfdf Taazﬁ Hf 46 WPdihe 6 sﬁfd@@ofcﬁbl&jmcﬂﬁy@ anishethe
deposi ted. of

ect ch
0P Bt P Bt R0 o, AR et Bk o e on o
si | bmnoxﬂamhiaﬁi@matenall lagerddarthosame puposeSi CO), nodified
ultral owk and their hydrogenated conpounds, as well
as refractory netal "silicon nitride, wherein the
r ef Frgutecsrc}ppmsi&il anothesai{eamateedhbbdiownttofeectigniodpvice 80 according to

Gk TS RN AT T (P T
c o rideposited ahdifray divides second dovlatinginedtariat leyer 44 injetwordpamlayers 84
o BR800 eS8 ARLBSILAL AAKBLEL el Bhercfore

he 'sane pur poses.

a n oﬂiveied it mteﬂmeedlelnm)cﬂamr%ﬂ ami intslevst digeotrc laperid6 et 8o
acc Béﬂrdﬁ'g bEthee tﬁgrgﬂﬁn%&%tan{l Y&EQhh d | ]é{lie%ﬁfeﬁ u{"iﬁg@ﬂa §3AE£

enbo rtironal Tayer o tric 8
additional d1£ﬁxsmn barrier layer 96 is further deposited on top of the upper dielectric
layer 74. The additional benefits provided by this alternate embodiment of the electronic
structure 80 is that the dielectric layer 82 acts as a RIE etch stop providing superior

 interconnect depth control.
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deposited and thus divides second insulating nmateri al

l ayer 44 into two separate |ayers 84 and 86.
Intralevel and interlevel dielectric |ayer 44, as
depicted in Figure 8, is therefore divided into
interlayer dielectric layer 84 and intral evel
dielectric layer 86 at the boundary between
interconnect 92 and interconnect 94, as depicted in
Figure 9." An additional diffusion barrier |ayer 96 is

fu f?ﬂé%llo@ﬂ%}bihrhﬁ@s REpredte®lo il MGt V&Fbeiﬁbr@ht?déxeog {Hel uﬁra.low—k

| ayer 74 addi ti onal benefits provid

al teslectricdilmip angpidauee with themeesent dventionios welk asto dmnnetrm)
'S ghifla, Esilgat@h:?&eeo‘ﬂafde&tﬂeﬁi‘r . 82 acts as a RIE etch

stop pr I'ng superior 1'nt erconnect ‘depth control.
18 The followi ng exanples are presented to illustrate

thq; a@iﬂcatlon of the ultralowk dielectric filmin

th the present invention as well as to
d e rh this example, aaehrding tadémire ) awateais fivst podptead byebitroducing the wafer

Fi F LR AN Pk il ot e SRR w9 i B, T s

vvafveufer pieptrationgaocessy thd @afehempeitue isdet 4t abaut V80°C4ndihe argon flow

o SAERIPE RS SO o LS 3R bly Pto, E Fhoyecs
ab dhen WiBEIONnEM sbohi2 5V darmbduk 60secormls.c ThesREpiwea indatheatonXas

sc f‘ﬁq a pressure of about 100 rnTorr. A RP
%Q’mttﬂe eCTBi{urned on to about 125 Wfor about 60

seconds The RF power and the argon gas flow are then

U UFREGN R 1y ﬁl@OﬂMdﬂé’t@ﬁﬁ Sidlor fegctgtalfsﬁn' ?ﬂ a%_égamer gg% Hg is

reactor reactor usin carrier

pr esspressure pf ehiovi pst qbﬂxegﬂatto thh §MG‘IISe:tonﬂamelt Mbe TMAITS-k film
(0] |

o Sk e Ul ey B 6 oo

es TNHFTSSHieand G tof desipad ﬂ@fvratmﬁmrana, LRt 20 stewiof ed

fl 4o

TVECIRH R ofllibollt FRGHEECPO uftt o 1000, A XSERAE Hlhen tumed
A REak bW A S W for hémepquéﬁabwoamnam (Fhe R ppmeroand ghetgesiiow
P € bile @ekn Qlfrr AU ITHE Yrafde ﬁ%eﬁ?emo%@ﬁ'&ﬁ rERUG et 16.ne gas

flow are then turned off. The wafer is then renpved
fromreaction reactor 10 To reduce the diel ectrlc

c om‘s telnde thé dlﬂb@ndamaubeme fldposTred &NEs 4nd td fkthE Ehpl LAY €
ST A0 o S B REL o B

anme gbst dnﬂe@le@mpwomtethé VstatilOdodiechts and RTEREAHEB A dtabifize the

di s LI%Q gclaslt eﬁﬁ? Ip%olcezs(se ca?nq)e carried out in an annealing furnace by the
following steps. The fyrnace is first pu:ged for about 5 minutes (with the film samplesin
aload station) with nitrogen at a flow rate of about 10 litérs/minute. The film samples
are then transferred into the furnace reactor to start the post annealing c');cle of heating the
films to about 280°C at & heating rate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heatmg at a second heatmg rate of about 5°C/minute to about 400°C,
holding at about 400°C for about 4 hours, turnting the furnace off and allowing the film
samples to cool to a temperatute of below about'100°C. A suitable first holding
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films. The post annealing process can be carried out
in an annealing furnace by the, follow ng steps. The
fprnaoe is first purged for about 5 mnutes (with the
filmsanples*in a load station) with nitrogen at a
flowrate of about 10 liters/mnute. The fil m sanpl es
are then transferred into the furnace reactor to start
the post annealing cycle of heating the filnms to
about 280C at a heating rate of about 5C/ minute,

hoI trpgrate mphebetreerbu 280X b sbeit MG while sruiieblowgeond
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turn| ng the furnace off and all ow ng the film sanples
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small C—H absorption peaks at about 2900 3000 cm. The
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S CPorbia o BP0 ] 1 SO M o particlarly
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phase in addition to the SiCOH phase. Another
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of the Si-O peak into two peaks at about 1139 errl’

and about 1056 eml, as particularly illustrated in
Figure 5. Table 1. Relative integrated intensities of
FT.11t absorption peak MTI I I T~', '" CH SO

(%9 SIiUSIO (WSICHSIO (%9 SiCOH 27.5 Utralowk 1004
20 Exanple 2 In this exanple, a wafer is prepared as
described in Exanple 1, but the wafer tenperature is
set at about 300C. The TMCTS precursor is then carried
|ntE__a_lng__eactor using He as a carrier gas; He is at

Con arunfha 26 fptplid  erllo EBmeiing, o o alt tmperatur

pr e @ettat abweawcz rmambl@s pi&l@ﬂ;&t rs ﬂﬁn Batriéd neofthe reactor using He as
est abl i,shin fl ows of He and CPO to desired

f | ofhPETEF 88s; %ﬁeﬁ % p prssgyref aboubf’ P%%t %shq&to eI MG pomtaisrer. The
TMGTifeib-koflsh sa8Rsthg t%%eﬁ&@alt Avelthn cRiBh FBOukd 2}0@& estabhshmg

mrorr. A RE D hen _turned on at about

'S
o 25 BT TART St SR ¢ dereciat pies sadessR isokabont 150
andgeet o€ I'ﬂm‘Sﬁ-HQHYldadbSuttsb Sml o+ CPShnd bfout 5—60‘9 rﬂ“ﬁ)g!e A Rﬁpower is
. then renoved fromt ereactlonreactor an
anniBsh Weed on ghabeutil HW fpra WPsp@Oﬁabowsmtéws TheRF power and
XD b flod dr&MRed Mifned B T W iOHEPRABI R b ?Jabtﬁﬂ?eabt%r 10

used., The, tenperature of the wafer chuck is set

ab e annsgled asqesorpraindixameledr sor i s carried into the
reactor wusing a liquid delivery systemat a flowrate
of @t anut 5mM/mnand the CPOis flown at a rate
of 00 scorn and the pressure is stabilized at

ablcmtﬂﬁBQ@lemTQfeﬁetoﬁoﬁtﬁhﬁh 6B& : otsnﬁg%\%tﬁt{g/ﬂg 1s%bé&1t?eﬁt@£p&‘¥ta@ @f the

alo uenc . are appl.ied ,

t he¥ ﬂ?féé&%d? sef dghout o §1 The BT FFeqRs s qepsd iyt the reactor

pe rdsing agiduid delivasy stwt&{i &tt aaﬁo\ﬁaﬁ{bf ﬁttaBbﬂtgfinl)Maihﬁnd 16 CPOR fwn at

novi n nex ion after '

ot oo o Rl Rt s atePiBei Fmet 200 BFiopy A toel RF

I e gower ofabde 60PWSHA A dovE ﬁiejuéExf(@boxld&m_Sboﬁlt 300 mef’:btapﬁlfbd the

an edr n anpl-e 1. Ln e oreQIn .

o ACBIE TR AR oo PRt o 7 o ton in e

no dmferln[ovﬁwgamﬂxle @ext station after & preset time interval. The wafer is removed from
the reaction reactor after pass_ing the last deposition station, and annealed ag d@scribed_ in
Bxample 1.

' In the foregoing examples, the plasma was operated in a continuous mode. In Example 4 -
hetein below, the plasma is operated in a pulsed mode,

Example 4
~In this example, the deposition is performed under conditions similar to Example 1, but

the plasma is operated in a pulsed mode, i.¢., with a duty cycle of about 50% and &
plasma-on time of about 50 mseo to about 100 msec. After removal of the wafer from
reactor 10, the wafer with the deposited film is annealed as described in Example 1.
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herein below, the plasma is operated in a pul sed node."
Exanple 4 In this exanple, the deposition is perforned
under conditions simlar to Exanple 1, but the plasm
is operated in a pulsed node, i.e., with a duty cycle
of about 50% and a plasma on tine of about 50 nseo to
about 100 nsec. After renoval of the wafer from
reactor 10, the wafer with the deposited filmis
anneal ed as described in Exanple 1. 21' As descri bed

i Nt At pibeUR RGBT xampled, B Hhd M5t dd\@HepeRdihal BRSNS
have dielectric constants in the range of about 2.0
to SuBiantsinte raugeofabeut2.0tpahayi 228 xanpl e, according to
Figure.3, a wafer is first prepared by introducing the
wafer into reactor 10 through a slit valve 14 and

pr e-Examplefy t he wafer by argon gas. In this wafer.

Do AR O RTe toF e R etk SRR RS o) friin g wafer
s corinto reagiorldrinevgh seslipvabesslidrand prie-etching thelv@dervy ergon gak. Rifthis

p 0 | . el | . .
Cecorg Prepk R pt R e el oRbbrc et Kbl 1 b B gen low
t ur metelissttiat abPhic SEMIDT, ® phizves pressuiesf etwut 109dnTom, A RRpower is

rea 7 i [ IS, ' t
L R Rlie Ay o st e idh, Pho 0wt tod e ges
contimimeertherThmmedidfr al ow-k film according to the .
present invention can be deposited by first

establishing gas flows of TMCTS+ CO2 and CPO to
desiThe@MOTSwrecas@ds carribdpnte §wueactor feador, using Coh esis cadxer gas; CO;

7o B @ pred BRI EE p A8 AL o B NFER i AUHARRHE i
f or ageordingdo the present tfvention oan IBQlepasitedibySirst eptablishing gasdliows of
and Thiers+4®s ahd PO Sesh B N G- Hﬂésgure,:{.@.,eat\’égtg\ﬁ ho kc%m of

f 10. e t he

then renoved fromreaction reacto 0 reduce the

di eTMETSCQond thent L0sperm RECRYR prskabewtd 00 milien. ARF ogver is then
fur hlidd on APILONA 5T Birla tindelpErSHRLS a6GwR 50 dnidu¥es. ThéRE %Jv\%r and the
make them stabl e at tenpératures greater than 300C

t he 85 fapgare enstuped pffa Rheswaterds then wipgyest o repetion wsptax 10, e
contents and to dinensionally stabilize the filns.

Th t al i no b i.ed out i -
anndRFRHES I FERE By Ao FGPHEAAHE S Gpabepbrove their
{1 Refol sbifity] %, LOMBGAn! MblED apeibtuaibatd it OhC] e filmns
| oferatangned sutbori o Fafts b ad i et Brly Sz the

films. The post annealing process can be carried out in an annealing furnace by the

following steps. The furnace is first purged for about 5 minutes (wﬁh the film samples in
aload station) with nitrogen at a flow rate of about 10 liters/minute. The film samples
are then transferred into the furnace reactor to start the post annealing cycle of heating the
films to about 280°C at & hea_ting sate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C, .
holding at about 400°C for about 4 hours, tumiﬁg the furnace off and allowing the film
samples to cool to a temperature of below about 100°C. A suitable first holding
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are then transferred into the furnace reactor to start
t he post annealing cycle of heating the filns to
about 280C at a heating rate of about 5C/ m nute,

hol di ng at about 280C for about 5 minutes, heating at
a second heating rate of about 5C/ m nute to about
4000C,, hol ding at about 400C for about 4 hours,
~turning the furnace off and allowing, the film
sanples to cool to a tenperature of bel ow about 100C.

A S Winirdihie fiay 54 betwdeflibogt 250°C IRHO@B00T, MBIOLoeEINERoNnd
about '280C and about _300C, whij | eeﬁ sui tabl e second

hol Bpldinstennseaie marbaheivessahost 300 andabavt 40F6c and

about 400C. Exanple 6 In this exanple, a wafer is

prepared as described in Exanple 5, but the wafer
ten‘%éem&@ is set at about 300C. The TMCTS precursor

s ghen. eSEﬁﬁﬁlE %&eﬁ] Es(br{pgt%d b RS L ed i{éﬂxgo R btgﬁw Whfer tamperature

carrier pressure o
t heisisel aeabmsam@ W&mmrs thenThusied inta the temtlar singhO; as

P BB O e AR o NE SR ORI PRI T i

des Theultralowy filax ve@rmgito pilm@mtenvmnoe can badepwed.:by fisp

;E)Ce) Hﬁ"orr ai g%ower a@ﬁﬁ@ﬁ%n%@% ?Px%i%ue,i.e.,

W f atrabauttlisfrecement MTisfr Qﬁh@uﬁ abpot Thi saere eECPOrimal abmt 2080veTorr.
and \tfie, 4as ft#xéﬁ%rﬁ‘{cﬁon A Huf 1508 Tor Qe gy?@d d‘ﬁﬁéjﬁ 18 thinutes. The

then I enove reaction react

ann8Ipewersad theses flavende then Eruedoffe The waflr is then resrayvgbirery the -

ot oo PR AR abled) S

plasma is
operated in a pulsed node. . Exanple 7 In this

exagphe forééaﬁlgmﬁéstthé)%aénﬁ vpa@%égstgm BRI oAt EPBSmle 3

simlar t asma is operated in a
pul B@anhﬁla@thpplésmawwteévaapwmde of about 50% and
a plasma-on tinme of about. 50 neet to about 100 neet.
After renmpval of the wafer from reactor 10, the wafer
Wi twepoa ted filmis anneal ed as described in

Ex amhﬁ eﬁam ( @¥degbsiion 13 peifdrned Xﬁdwlxmdmansrmar € Bxample 5, but

LonpEPieBe ?r?*e%tf < el e &B g Eihomt S

Th epIEMEF& heofban IS0 mSecaatbioutIDONMen Afier rénnovel aftha veafergirom

2 1o &J@%Mﬁg Smal 8L QS Ol B W Bipto 5.

Example 8

In this example, a reactor inc_luding'6 deposition stations is used. The temperature of the

wafer chuck is set at about 350°C. The TMCTS precursor is carried into the reactor
‘using a liquid delivery system at a flow rate of about 5 ml/min, the CPO bei'ng flown at a
 rate of about 250 scom and the pressure being stabilized at about 4000 mTarr. The CO; |

at a flow rate of about 5000 scom and O, at a flow rate of about 250 sccm ere admixed

with the gas mixture of TMCTS and CPO in the reactor, ‘The addition of the CO; and Oy

mixture stabilizes the plasma and improves the film uniformity, A total high frequency

”‘.-_’-
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rate of about 250 seem and the pressure being

stabilized at about 4000 mlorr. The CO2 at a flow

rate of about 5000 scam and 02 at a flow rate of about
250 scan are admixed wth the gas m xture of TMCTS

and CPO in the reactor. The addition of the CO2 and 02

m xture stabilizes the plasma and i nproves the film
uniformty. A total high frequency 23 RF power of

about 600 Wand a | ow frequency EF power of about 300

W aRRg: pawel df@bodt 800 Wikd a !@@Eéqﬁénoy Rbgowbd drabeupsdo Wi akereppned to

deposi'tion is perforned fer at each station

wi t Hhe reagtor.wBieaitralekdigm depositien ia ewfongeda@n e wafer & each station with
pr eﬁﬁtwa?érg%vinﬁtt@ﬁ% Foet st-&l'}ilﬁ ﬁ‘ﬁ@rf aphe c?e inie fﬂ%}@ﬁ Thb WaRk fs%noved

reactor a assli Ion station,
t he fivaftise remdor aﬁmmmngdhe lag$ derioitier stgtioamd Hheacpfensnay further be

oD SRS Gl e i €S RlfhiyE. [

used to stabilize uItraI ow—k filnms. The filns

bt di t
o0t 3 38R LS RS SR R YA Rt o
ab 0 tﬁlmsz The ﬁmmbbammdtab@rdmm tb thepteadyk mvéndion] ant chgragtexized by n
.end- of -t he- | \ ) b ,
o ¢ Qe Ot 655 R ol £ B ek LBy BOBR W intograsion in
t enpakeahdotedine (BEOL.” pibereonnt GG Dicturh evltigeis himgly pocessed at

_ S: ggeﬁxg%ﬁw V%?{[l]%%%gﬁﬂpé"laf eve{%{@jﬁl&p tﬁégélj elit ﬁ%ﬁ&n cQ.n trefore
di e!aeemﬂy alsptedingmoduciog Gimers irtrakevel amdanmlg@bélsleetnm back-end-
I ogh%tthgﬂge &ggexdpq%:éé 3”1%@0&?& fod and el ectronic

str ures or me e present invention
have therefore been thoroughly denonstrated in the

b
Fi 8‘1‘& S e R S R e %emp baye
of @h@@ﬂ@rﬂughlygﬁm@tretﬁcblg therabaye deseriptiong padsingh egpaqné

BT Blalirid$ @ﬁ?xétﬁed 1-b.Ug Eliﬁcﬁoe%ﬁhahﬁé(ﬁﬁit'tﬂ@ex&%f]@@&tﬁ%&omc

can be app ied 1n the fabrication of count

el edfuctimsshanayin Eagres B aremenmly upadda divstrte e invensive meiod that

beepandRa6plich Brkht fabﬁéhhbh bf&bﬁtﬁsleve@umwoes it should be
understood that the term nology used is intended to be

in a nature of words of description rather than of
| nipthte tHeresén ive{ondAE  eeiildstrided im&nmm&ame maniegyit showld be

o< paterinol gt P lrBlplbay Bint ARERL ORI QBT o} vordsof desrpion

al t exleadthen 6fthaichtiolnts, it is to be appreciated that
those skilled in the art may readily apply these
teachings to other possible variations of the present

i nvBmthemioryyivthiile the peapa trvention hiishaed paeticiicly shiovarntld desanited with

of respect to a preferred embodiment and several alternate embodiments, it is to be
appreciated that those skilled in the art may readily apply these teﬁo_hings to other
possible variations of the present invention without departing from the spirit and scope of

the present invention.
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the present invention 24 -25 CLAIMS: 1. A nmethod for
fabricating a thermally stable ultralow dielectric

constant filmconprising the steps of: providing a

pl asma enhanced chem cal vapor Qfeposntl on ( PECVD)

reactor; positioning a substrate in said PECVD

reactor; flowng a first precursor gas conprising

cyclic siloxane nolecules into said PECVD reactor;
fICwAIMgSat | east a second precursor gas conpri sing

organic nolecules with ring structures having C, H

and 0 atons into said PECVD reactor; and depositi ng a

fiql I l| city of. -
nalngq n@?@?ﬁ sﬁﬁjzfg 1%'8}1 Q'thegmglystgtl ra?ovmff ¢SRS tffélm comprising
O‘thmgpsotrf C02 and 02, 2. The met hod accord| ng to claim

further .conpr p of Xi.ng first
Rl BB ny el sPeriiolimgor e B ks W hiportor
C|p@ls1ﬁbﬂmg‘éﬁ%ﬁbﬁfa‘fb bR EI@\WD%acQﬁPOS' ting the film
further onprises: setting a flowrate for said

C\HOMIBE & ﬁr%%ﬁ@érsat g eonpEpingisyelic sHoxaermelnehlegiote saidiPBCVD
S¢&Morand setting a flowrate for said C02 at between
about 25 sccmand 1000 scem 4. The nethod according
t (ﬂoamm ah 1&3st aeenoad presansdr gdscompritiag brganikahéle@Med with ring structures

out . 25 sccm and about
2 b\(})ﬁg c%%ﬁa?“ﬁis(zg O(IPSfIP ﬁaﬁgﬁe@\?ﬁﬁe%ﬂf&‘@oz is set at
b dtpeétingabfilut ccﬁﬂpﬁdilﬁ‘gTS@GdOQBQlH akQmER V\%}[Hzlt}%f r-xra]?x%metegswed pores

met hod according to claim3, wherein en sai d

r 8968 rsubqﬁl@qul&é)gesgncemflg}% qrtGOmdddposi ti ons st ati ons
then the flow rates of said cyclic siloxane are
multiplied by a total nunber of deposition stations

i B- Tlag methpderrardiag toelaing 1, filitkerrmompoising astapdifmgxing said first

yénge said step of depositing said film
fh?étcﬁllesgrgcorrl%hr?s s: setting flowrates said for said

organi ¢ nol ecul es at between about 5 sccm and about

19.OPhe method according to claim 2, wherein said step of depositing the film further
comprises:
setting a flow rate for said cyclic siloxane at between about 5 sccm and about 1000 scem

.and setting a flow rate for said CO, at between about 25 sccm and 1000 scem.

4. The method according to claim 3, wherein said flow rate for said cyclic siloxane is set
at between about 25 sccm and about 200 scem and said flow rate for said CO; is set at

between about 50 sccm and about 500 scem.,

5. The method according to claim 3, wherein when said PECVD reactor includes a
plurality of depositions stations then the flow rates of said cyclic siloxane are multiplied

by a total number of deposition stations in said PECVD reactor.

6. The method according to claim 2, wherein said step of depositing said film further

comprises:

setting flow rates said for said organic molecules at between about 5 sccm and about 1000

scem.



scem -26 7. The nethod claim6, wherein said flow
rates for said organic nol ecules are at between about
25 sccm and about 200 sccm 8. The method according to
claim1, further conprising a-86ep of mixing said
first precursor gas and said second precursor gas

ure of and. 02 The t hod
ﬂ?%mﬁé 3 laemgl erelwmfﬁr%ﬁ fgr g&ligrgapwd’é 5@3@% 75 at between

ftggrgwn%ﬁyggoutgmcmses setting a flow rate for
sal o? at between about 25 sccm and about 1000 sccm

and setting a flowrate for said 02 at between about

s S S0 AR 1 OuRE T e M08 AR 80 e
aprectigbiER Andbad tsecadd pesvirsangasabiciC 05 0Pa adxtareastdlCGaard O,.

flowrate for said 02 is set at between about 1 seem
and about 30 sccm 11. The nethod according to claim

19, heheihdd §@do§'d1€§9@alh?8‘%l%elh $ai@fsted oP ﬁé}ﬁisltfﬂg tHé ﬁhﬁ further
type reactor. 12. The nethod according to claim1

\AMnBIIWSsal d film | s optionally heated after

SERRG] LB HEREL B 2P RS T 005
agsaofigh Agwiratebadand O, avdeewenrabsai @S5 fdchimartiagboat 50 scem.

dielectric constant of not nore than about 2.8. 14.
The nmethod according to claim1l1l, wherein said film has

al@'"ﬂ{eeiﬁ&thbdi a&c@ftﬁﬁéfbtclﬂfn mwherempgaed flbataRIBtdaiLCO, isldRt at
The net hod accord &Eb h5 laim1, wherein said film has
aoou

abeivepizalqut 80 sesms & Q0 Scrzlar?gé spid Slevarsta for saig Qz(;s set at
2BANker abt  Sponf Bfid EhSH s or ding to claim 1,

erern sail m conpri ses: between about 5 and
about 40 atom c percent of Si; between about 5 and

R A L T R G R
5@patr@mcﬁ percent of H -27

12. The method according to claim 1, wherein said film is optionally heated after

deposition at a temperature not less than about 300 °C for at least about 0.25 hours.

13. The method according to claim 1, wherein said film has a dielectric constant of not

more than about 2.8.

14. The method according to claim 1, wherein said film has a dielectric constant of not

more than about 2.3.

15. The method according to claim 1, wherein said film has a dielectric constant in a

range from about 1.5 to about 2.5,

16. The method aécording to claim 1, wherein said film comprises:
between about 5 and about 40 atomic percent of Si;

between about 5 and about 45 atomic percent of C;

between 0 and about 50 atomic percent of O; and

between about 10 and about 55 atomic percent of H.



17. The nethod according to claim1, further
conprising the step of. ,providing a parallel plate
react or having an area of a substrate chuck between
about 300 cnR and about 700 c«#- and a gap between
the substrate and a top el ectrode between about 1 cm
and about 10 cm 18. The nethod according to claim 17,
wherein a change in the area of said substrate chuck
a A er,
37 ]I"}Ifln@ﬁl% gé%og@@ r@(glaﬁmtl? gfucFe&%@%lSﬁ%eré%Sa change
[ |prct\hda1ng garabic] pllate rsadusrthaamg anahaacif atsybsmrateau:mmk bet¥Ween about 300

ot S AR 700 SatEriedhe EITeR PR fop cleha Beieen

g@goﬁtlloé%ﬁgag&l@y()@mfactor YZ, such that reS| ‘dence
time in plasma i s maintained. 20 The net hod for

fabricating a thermally stabl e ultralow dielectric

cQRs : 0

f Srﬁ i ﬁ@é‘&g@ﬁ% %%ﬁgﬁg rt(ﬂ&lg ﬁl#e?élma%}la nq tl‘[g‘é&& & sald stubstrate
arhedkeley @ GdeorpX, cimngesphas RFIpeWepbyaa ﬁtcRE,O(/D r eact or

The nethod according to claim1, further conprising a
step of: heat treating said filmat a tenperature not

hijghehe iBMod ab&#iin3 8clbink 97, wherdif & chargd®n ﬂﬁ:fdr@djoftﬁé‘ Substrate
heat treating said filmat a tenperature not | owe

t §avckaboy factyoY gy changeiadheisan hebwegney gas distihytion plate and the
S %ﬁl%‘ﬂ%tet d?gf@k !?_g LirdoD9l &Qm%c% ol 1ades g??nh%dil{ Qt\%lh é‘#égﬁ}ﬁm residence

perio e nmet hod acCording to c

s &intk i9gpdasnuh is immntpieed.od i s at | east about ten tines
that of said first time period. 23. The nethod
according to claim1, wherein said cyclic siloxane is

seb:s eftmmﬁfhr)d rramlt fabricaging umh@maﬂ'y sthble alteflow dielectric constant film
tetranet ylCcycC otetra xane and
oé‘t’%ﬂ%’f‘ﬁ;}? glptm 4 9 @giuoe% r comprisipgthgsteR@d accor di ng

?fﬂbﬁig@ RF pbheF @ian e%'trgdé:b’ﬁslaid:pa?élle@ EféePE@V D reactor.
tetranet hyl cycl otetrasil oxane. 25. The net hod

according to claim1l, wherein said organic nol ecul es

C?Tpfﬁesﬁe% %?dl% to 1&&1? ) fh H&%obﬁ&?iki&&g a%?eprdfng

structures signiticant ‘rin
vvlheatetaatisgsadd filmgt a stupecitureast highder thanpeott 00 for adirst time period

" 389 55 Bl 060 8% L et ottt P TRHEA) PCTag gecond time

Olpgﬁditl,&am%ﬁﬁw titfie pértbd el OpRFdr €@ saidfirsietime period.

22. The method according to claim 21, wherein said second time period is at least about

ten times that of said first time period.

23. The method according to claim 1, wherein said cyclic siloxane is selected from the

group consisting of: tetramethylcyclotetrasiloxane and octamethylcyclotetrasiloxane.

24, The method according to claim 1, wherein said cyclic siloxane is

tetramethylcyclotetrasiloxane.

25. The method according to claim 1, wherein said organic molecules comprise species of
fused rings including ring structures that impart significant ring strain, wherein said ring

structures that impart significant ring strain include rings of 3, 4, 7 or more atoms.



27. The nmethod according to claim11, wherein said step

of depositing the filmfurther conprises the steps

of . setting a tenperature for said substrate at

bet ween about 25 C and about 4Q3-C, and setting a RF

power density at'between about 0.05 WcnR and about

2.0 Wcn2. 28. The nethod according to claim1,

wherein said step of depositing said filmfurther

c [ 0

o 20D b RihoR By R et Gl TRalpR G ctopentene

Theideet hod according to claim28, wherein said

pressure for said PECVD reactor is between about 100

mlrorr and about 4000 nTorr. 30. The nethod for

f 2b! TRAhkihGd Acdd@h I8 EMin$ axbﬁ&elHlsﬁlﬂ% e‘ﬁ"&f @bﬁdsﬁﬁfgrthé: film further

constant film according to claim 2 wherein said

f comprisaséhe stepsofof sai d cycl opentene oxide to said

t .

ag%tﬁ %E%ﬁﬁ%{tﬁ%eﬁg%eﬁ@?@s@%@% | ng!lli’éﬁ?@? a@%H&lalg)ou% 48% C; and

Wiseiting a Rfapalvestdensityfat detesh tbowy 0041 Wi/chrilanrd fabioit 1260 W/em® |

conprises: setting a flowrate ratio of organic

nol ecul es of cycl opentene oxide to cyclic siloxane of

t ORI PREHBihbE ¥6dRAiRE IRShin? X ARkeréif sRALWRYT d@&%&ﬂng@aﬂd ﬁ’lﬂgfurther

about 0.7. 32. The nmethod according to claim1, said

rré?lﬁﬁﬂsﬁsurt her conprising: providing a parallel plate
&ﬁg@ F%é\ﬂ% ‘?& :‘g@b HERSY aﬂ&%éﬁ kb 5? Hﬁ‘H‘PF{nd abdut 5000

t accor I'ng

sm’EbrPECVD reactor is run in a conti nuous rmde 34

The nethod according to claim1l, wherein plasnma in

said PECVD reactor is run in a pulsed node. -29 35. A

ITEDMDIEE metholl abdordiag t@aign 28)evHERdih Yai& bRkduee BWrishid FIBEWKD reactor is
| m conprising the steps of : éﬂfr ovi di ng parall el

pba&“@eﬁy tp08 SHEpredbatoBL QR vapor deposition

(PECVD) - reactor; positioning a pre-processed wafer on

a_substrate chuck_ha_vi ng an area between about 300
cAP. Therdethbd dar falgicating a themarabpstablauliabay dieteapricensientfilm

S Q'éc%r&% i clgﬂxg 28 witdeift lsglﬁttfo%gl%te ratio of said cyclopentene oxide to said

tetramethylcyclotetrasiloxane is between about 0.2 and about 0.4.

31. The method according to claim 1, wherein said step of depositing said film further
comprises:
setting a flow rate ratio of organic molecules of cyclopentene oxide to cyclic siloxane of

tetramethylcyclotetrasiloxane to between about 0.1 and about 0.7,

32. The method according to claim 1, said method further comprising:

~ providing a parallel plate plasma enhanced chemical vapor deposition chamber.

33. The method according to claim 1, wherein plasma in said PECVD reactor isrun in a

continuous mode.

34. The method according to claim 1, wherein plasma in said PECVD reactor is run in a

pulsed mode.



bet ween about 1 cm and about 10 cm flowing a first
precursor gas conprising cyclic siloxane nol ecul es

into said PECVD reactor; flowing at | east a second
precursor gas conprising organigg-nol ecules with ring
structures having C, H and O atons; and depositing an
ultralowk filmon said wafer in presence of CO2 or

C@Z z&rmbtmzd 26 fabTicatimgea thetmaltycsiatde nigratosv-k Ifidimreo8rising the steps of:

okl PEHE i it aBhei AhaRlsteBinRa bl idoniop ECVD)

Clr@dctor36, wherein said step of depositing the film

further conprises: setting a flowrate for said fir

pPesitipaipg apre-pocewsed Walks on asubets civek Apdng an aise b%“@ﬁil about 300
angd? [

oo RE8 4318 780 bl thd Fafediffne Bl sEfeoRbail o Ea S top electrode

3 betwriar about 1scani1 dnd Aot 1Qcm; f or sal d first precur sor is

out 25 scc 00 .scc

< Toyift o 79 BeEsBr Bl o pPedb Ry AR TR mEPuE AR Bif pECVD
S@easem and about 500 sccm 39. The method according
tqg claim35, further conprising a step of mxing said
f ,%pgllmg Yr leastp §?9Pn@ RECCHISAT gAS COBREFINg grgpnicapplgenles with ring structures
p R0 or a mxture of CO2 and 02. 40.
T?g‘ﬂﬁ%ﬁﬁd acc\g{roglﬁnggtzo claim 39, wherein the step of
ddpmasitingry ulwaowik filnh onstid Maferonrprqssr@s of €€ tor A ,antl IGhw
rate for said CO2 at between about 25 sccm and about
1000 sccmand a flowrate for 02 at between about 0.5
S G6MTlentlethbd uécobding ecetuind 15, fitilker weinprising @ e@pdif AYxing said first
cl ai m 40, in said flowrate for said O2 is set
aPTeCHSPIBRS Y ‘g}bggﬁ 50 sccm and about 500 sccm and said
flowrate for said 02 is set at between about 1 sccm
and about 30 sccm -30 42. A nethod for fabricating a
t Aér T mythed aenosding to dlpisw& Wherein saigptep of ﬁ@o%ﬁ@géheeﬁlgn further
OEo RiQviding a parallel plate type plasma enhanced

mpcal vapor deposition (PECVD) reactor;
pssitmg @lﬁ]IOWg'aE fanfad fioah precishsatibatvecen hbok Srsgvinragd about 1000 scem

g slee ing a Qwargt% or saup CE)rzr%t l?ert]\g/een%ustccm and 1000 sccm.

38. The method according to claim 37, wherein said flow rate for said ﬁrét precursor is set
at between about 25 sccm and about 200 sccm and said flow rate for said CO, is set at

between about 50 sccm and about 500 scem.

39. The method according to claim 35, further comprising a step of mixing said first

precursor gas and at least said second precursor gas with CO; or a mixture of CO, and O,.

40. The method according to claim 39, wherein the step of depositing the film further
comprises:
setting a flow rate for said CO; at between about 25 sccm and about 1000 sccm and a

flow rate for O, at between about 0.5 sccm and about 50 sccm.

41. The method according to claim 40, wherein said flow rate for said CO, is set at
between about 50 sccm and about 500 sccm and said flow rate for said O, is set at

between about 1 sccm and about 30 scem,



700 cn2, and nmaintaining a gap between the wafer and a

top el ectrode between about 1 cm and about 10 cm

flowng into said reactor over said wafer kept at a

t enper at ure between about 25 C-3hkd about 400 C, a

first precursor gas of a cyclic siloxane, and a second
precursor gas of organic nol ecules, while keeping a
pressure in said reactor between about 50 niforr and

akgup m@tﬁ@c@fdﬁ%rfcah%@ %ﬁ'ﬁlhlﬂgstgﬁle Wl ol AR Jog‘lg??sfﬁg tld%steps of:
said wafer under a ower ‘density between a

wreeiddiag @ patsdigt platedymw nlaszna enhanesslerhemiaat vapoR degositiop (PECVD)
and (2. and annealing said ultralowk filmat a
tenperature not |ess than about 300 C for at | east

alposltloﬂmgﬁ Wt on #Subsikite chidk RS naGmai &l Bedwédn abbad 00’ and about
éher conpr.ising a step of mxing said first

00 Grs Andgainigining oegp bebweenrihe Wakirod 2 er-dpeiradg bewveen about 1

C|C§H£Hd4a%ouy\hﬁ&ﬁl n said step of depositing the film
further conprises: setting a flowrate for said first

prloving o said tractae everabiduvalbr leapt ab echperabue baGeen zﬂmum?.s °C and

io ate f r S aj.
a0 R0 - 0a B Bl B S s R B e BB n P ey e of
t @rg}inaj wokdylesyivetiRikeesiag d pfdsOwe iréad foattobBét@edr &bt 50 mTorr and
r set at between about 25 sccm and about
2@ gé@ﬁr&&?ﬁ?"‘said flowrate for said CO2 is set at

b@%%&ﬂﬁlga&qufralﬁgf B fifoAREd %&ba%%tunﬁgxoa RF gmwelﬁ'@ens ﬁetween about 0.05

accordin %:alm42 further cConprisin
1N,

st\’éfﬁﬁbfdndrﬁmlﬁ@ OSW/Q:HI rsesengsr (i) s CQaandadu ami I east

g S0 B SUISHE, ASSeb i U B A g os
t bbow 0} lafurdepositing the filmfurther conprises:

setting a flowrate for said CO2 at between about 25
sccm and about 1000 sccmand a flowrate for 02 at

bés VElR mathed heddrdingd Agia A Fertiad @bin }l)ﬁﬁ M%KX s{%ﬁ‘émmxﬁé said first
48. The net hod accor di ng to claim4 erein said

f PERRITSQE gaspith €92 cO2 is set at  between about 50
sccm and about 500 sccmand said flowrate for said 02

is set at between about 1 sccm and about 30 sccm
44, The method according to claim 43, wherein said step of depositing the film further

comprises:
setting a flow rate for said first precursor at between about 5 sccm and about 1000 sccm

and setting a flow rate for said CO, at between about 25 sccm and about 1000 scem.

45, The method according to claim 44, wherein said flow rate for said first precursor is set
at between about 25 sccm and about 200 scem and said flow rate for said CO; is set at

between about 50 sccm and about 500 sccm.

46. The method according to claim 42, further comprising a step of mixing said first

precursor gas and at least said second precursor gas with CO; or a mixture of CO; and Q.

47, The method according to claim 46, wherein the step of depositing the film further
comprises:
setting a flow rate for said CO, at between about 25 sccm and about 1000 sccm and a

flow rate for O, at between about 0.5 XX scem and about 50 YY scem.



49. A nethod for fabricating a thermally stable
ultralowk filmconprising the steps of. providing a
paral l el plate type plasnma enhanced chem cal vapor
deposition (PECVD) reactor; pexli-tioning a wafer on a
substrate chuck having an area between about 500 cn®
and about 600 cnR, and nmaintaining a gap between the
waf er and a top el ectrode between about 1 cmand
a?ﬁ?ui’hg mEfhb B&&‘Pﬁlgg tc?cltiftn{ 3 WLaHSS ﬂo%%.t or ?alng i§set at
si ['oxane |n 0 sal d°reactor ’over sal waf er at

t é:immeatabom Sbetomand allncnmSOG 8coth amicsaah o rﬂ:@(ﬁor@amirﬂz 1a set at
:%oond [) rsor of B'gr% nol ecul es whil e keeping a
pPEWLEGR @09 SSQFIB‘ané? F&¥heen about 100 niforr and
about 3000 mlorr; depositing an ultralowk film on

sai d waf er under a RE power den&tgg@betvveen about

WAEn# ragtbiochfos fabrisatingy lly ghetde ulalovsk @ozcompn@og the steps of:
aggo&&n }Q&ll@?@?@ggﬂ%gﬁﬁéj Iﬂ'llaﬁéeg (fg@%h?f Jve{p'o} ﬁ%po‘félmon (PECVD)

era no out or "at ['eas
alnmtoro 25 hour. 50. The nethod according to claim49,

furt.her. conpri sin step, of .m xing sai.d firs
PatpagE Sgtenin e Begie B pRuitedf B Genichon: 109 om? and about
cleBD @3 andihgn@ininSa s SdtRBertthe dRRISHE b Heh Elb&rddelbatween about 1
further conprises: setting a flowrate for said first

plcébmds@Pu%&ClBetween about 5 sccm and about 1000 sccm

ggﬁ;@ﬁéﬁ R gﬁegfl ag%%e{s%f% Ogel'ic SRk ko %ﬁd QQ&}?@@\F& 30@Wafer kept at a

ccm sccm 52, T
adtgopatatng betwednabousd() Gt aiont 260 W dndasacandpieonrsgranfarganic

SRl 3 B AR B G302 o
aBOO@ﬁﬂmgn about 50 sccm and about 500 sccm 53. The

met hod.according tq claimd49, further conprising, a
S QEBPBinEATH goRaK Him pp s Vil iiEh REVBUEnSHY pisen bout 025

S RnPe6a ABoW N W/SHY ingRsseitd &f €8PorarOfard 3 Ui of CO2
and 02. -32 54. The method according to clalm53

\man@thng tsﬁé ulfradow o filgegs stpmpergtureeotless than abored00 °C for at least

p&( u§ett|ngaflowratefor said CO2 at
ween out 25 sccm and about 100 sccmand a fl ow

50. The method according to claim 49, further comprising a step of mixing said first

precursor gas with CO,.

- 51, The method according to claim 50, wherein said step of depositing the film further
comprises:
setting a flow rate for said first precursor at between about 5 sccm and about 1000 sccm

and setting a flow rate for said CO; at between about 25 XX sccm ahd about 1000 sccm.

52. The method according to claim 51, wherein said flow rate for said first precursor is set
at between about 25 sccm and about 200 scem and said flow rate for said CO, is set at

between about 50 sccm and about 500 sccm.

53, The method according to claim 49, further comprising a step of mixing said first

precursor gas and at least said second precursor gas with CO, or a mixture of CO; and O,.



rate for 02 at between about 0.5 XX sccm and about 50

sccm 55. The nethod according to claimb54, wherein

said flowrate for said CO2 is set at between about

50 sccm and about 500 sccm and-32aid flow rate for said

02 is set at between about 1 sccm and about 30 sccm

56. A nethod for fabricating a thermally stable

ulSt+ Brometpd pecording teelpist dhtwhereintheotenefi depogitinge film further
Stc@ﬁéri?efs‘ provi di ng a pl asma enhanced cheni cal vapor
deposition (PECVD) reactor; positioning a substrate

i setting d flelRGYR foesad 0O, at baweagatout 2§ s¢cnpamtabosdt 00gssm and a flow

conpr.i sing.cyclic.silo nol ecu] es using CO2 as a

c S Ra0r ) peTes G0 RAGIBR PSR SR ng ar 1 cast
a second precursor gas conprising organic nol ecul es
Wth ring structures having C, Hand O atons into

sar dlirpustbod eecording taelainyg & adiersin gaig flow ratecfonpaid §Chgs set at
Si hiLl Gl r-siZe
Stefien B0 Eo BT SDALLSL b Al FG0SIB S0 65 e
Thetweeh hbeht dscandnd gbéw 30Isa¢rm 56, wherein a flow rate

of said first precursor is from about 5 sccm and

about 1000 sccmand a flowrate of said CO2 is from

aBeUA nddhSTfoRfridati errd 1B/t 116 Mtraffy diERBtridRbLARENt film
according to claim57, wherein the flowrate for said

f CPBPIpAS Nerssas of's  from about 25 sccmto about 200

S : f TV I 0

S EEIARE s plitr cflircBh EndicAlor debeipn (PROYBPRULOR

t pesitiomihy a stbdtlate inlsaidAEOWRiredActrss ri ¢ constant film

c Ll Si the steps of.: .providi ng a plasma.enhanc .
Cglgﬁliutga‘f H&IﬂB{ﬁcur %rpga§iCPP’BH%P&EX%B)gHQé%{&IB?ECWIGS using 682 as a carrier
Pead intsidPEEVEURaétbRt € i n said PECVD reactor; flow ng

a first precursor gas conprising cyclic siloxane

norRERg ¥deashi srcend BreprIsEas CamPHISNE of§a5ig elegiley with ing structures

SR&ARE CDHEATC BlonBaftoGAIPECY Ddetidame Mol ecul es with
ring structures -33 havi ng C.__Hand O atons into said,
PEermsItingzchiler comprising Si, C, O and H and a multiplicity of nanometer-sized pores

on said substrate in presence of said CO,.

57. The method according to claim 56, wherein a flow rate of said first precursor is from
about 5 sccm and about 1000 sccm and a flow rate of said CO» is from about 25 scem and
about 1000 sccm.

58. The method according to claim 57, wherein the flow rate for said first precursor is
from about 25 scem to about 200 scem and the flow rate of said CO, is from about 50

sccm to about 500 scem.

59. A method for fabricating a thermally stable ultralow dielectric constant film
comprising the steps of:

providing a plasma enhanced chemical vapor deposition (PECVD) reactor;
positioning a substrate in said PECVD reactor;

flowing a first precursor gas comprising cyclic siloxane molecules into said PECVD
reactor;

flowing at least a second precursor gas comprising organic molecules with ring structures



flowing CO2 into said PECVD reactor; depositing a film
conprising Si, C, 0 and Hand a multiplicity of

nanonet er-si zed pores on said substrate in presence
of said CO2. 60, The nethod ac@@ding to claimb59,
wherein a flowrate of said CO2 is fromabout 25 stem
and about 1000 sccm 61. The nethod according to claim
6aving &5 B andiGatomsgnjorsaidP HEVBarasta2 i s from about 50

f%@%@ﬁ%?%ﬁé%ﬁggg A ea@t%r' A nethod for fabricating a

ow dielectric constant film
C depsitiigngfihheonsirss $if C, Orand iHlamich uplpdisip o Lndi@RRed-sized pores
chem or depositio CVvD) reactor;

Ggal. va ] E
p8§isi‘lﬁéﬁlﬁﬁ"g‘&a‘né’ﬂﬁg?‘ie&féaﬂré@ai d PECVD reactor; flow ng

a first precursor gas conprising cyclic siloxane
nmol ecul es into said PECYD reactor; flowng at |east a

s 68cHe petbed perordiggty daimp?9, siherpima dlawmi reteraflseid T @sisiiorthabout 25
r%&ﬁd%@ﬁ”&ﬁ) ﬁc&%‘” ng C Hand O atons into said
P ;

reactor; flowing a mxture of CO2 and 02 into
the PECVD reactor; and depositing a filmconprising

Si 0 and H apd a [tiplicity_ of, nanoneter-sized

b1 e Be/RRE pesollin i it 46 WA RO Ty epaid B ffrom about S0
OZeccnbPi® abbliesgirichgd according to claim62, wherein the

C2 is flown at a flowrate fromabout 25 sccmto

about 1000 sccmand said 02 is flown at a flow rate
aCEor RN O Bp SRy B o Bl Miep B S M)
f p@mpmjmgltheﬁtbps sf:cm to about 500 sccm and the flow
;glf:OSﬁi(HIflg ggia(sjmg %nllla%cef:c{ &{Qme}ga? l\J/tapolr dseggsrlrt]icgno(P%QR%) r%gctor;
positioning a substrate in said PECVD reactor;
flowing a first precursor gas comprising cyclic siloxane molecules into said PECVD
reactor;
flowing at least a second precursor gas comprising organic molecules with ring structures
having C, H and O atoms into said PECVD reactor;
flowing a mixture of CO; and O, into the PECVD reactor; and
depositing a film comprising Si, C, O and H and a multiplicity of nanometer-sized pores

on said substrate in presence of said CO; and O,.

63. The method according to claim 62, wherein the CO, is flown at a flow rate from about
25 sccm to about 1000 scem and said O, is flown at a flow rate from about 0.5 sccm to

about 50 sccm.

64. The method according to claim 63, wherein the flow rate of CO, is from about 50
sccm to about 500 sccm and the flow rate of said O, is from about 1 sccm to about 30

sccm.



