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recent years has resulted in 11)1/creasmg the(%esxstance of the B%q.‘ metgf“matmn s well as

increasing the capacitance of the intralayer and interlayer dielectric. This combined
effect increases signal delays in ULSI electronic devices. In order to imptove the
switching perfonnanoe of future ULSI circuits, low dielectric constant (k) insulators and
particularly those with k significantly lower than silicon oxide are needed to reduce the
capacitances, Dielectric materials (i.e., dielectrics) that have low-k values have been
commercially avaﬂable For mstance, one such material is polytetraﬂuoroermylene
(“PTFE"), which has a k value of 2.0. However, these dielectric materials are not
thermally steble when exposed to temperatmes above 300~350°C. Integtation of these

~ dielectrics in ULSI chips requires a thermal stability of at least 400°C. Consequently,
these dielectrics are rendered useless during integration. '
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organi ¢ and inorganic polyners, For instance, a paper

(N. Hacker et al, "Properties of new low dielectric
constant spin on silicon oxide based dielectrics.”
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In view of the foregoing, there is & continued need for developing a dielectric material
that has a dielectric constant of not more than about 2.8 and inhibits cracking,



SUMVARY OF THE INVENTION It is therefore an object of
the present invention to provide a nethod for
fabricating an wultral ow dielectric constant nateri al
having a dielectric constant of not nore than about
2.8. More preferably, the dielectric constant for the
ultralow k material is 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. it
shoul d be noted thag%@l]ﬁ%@%gmmmgnts are
relative to a vacu ecified.. It
|s anot her object of the present invention to provide
oo gg:lgtﬁ%efo?{ an o%_gqct! S ife! ?&gﬁ? ﬁxvergloh Q@rgﬁ’de %a}gﬁrﬁot

a nulxm.lowsdxdéctﬂwdonétmﬂsﬁteﬂ%a\pn@mmals@nsconm ofnat mrq‘tha!mbout

0 OB ke e OB SR il g

pr esbousns to shoatr2.5 mghnost prefotablyyithe diskeettie constintfis inrmradge of about

9CO8B ek 24, Bl R S0 e Lo bRt o bown

promnleh@ othervisdwpekifiedr fabricating an ultral ow
dielectric constant filmin a parallel plate plasm
enhanced chem cal vapor deposition (' TECVD 5

I ealttianothed obijéat yfithe fesedtuiveliiom topioeidt a ofethbéfor fbsicating an

|nv nt r ovi. d I,mproved

o Siplopihet B SRotihe St Chingrlfigne A% b bk of
d epatdédst twe preclusbs) wherein sfibigrecatser is selected droprmed emtze with ring
oot oP R SR WS it
Wi t kel sateld fnRRe Rdid coaaslingrofmbleculsvathoﬂgen'uabbpsect of the
present invention to provide a nethod for fabricating

~an ultralow dielectric constant naterial for use in

el ebty ofurtbersbjectof the@eesent irapntion ta prbdded method forfabriqatingo
di elﬁﬁf nﬁﬁgﬁ)
|nterco$1‘)ndgeé%°%tru %?h]h?&%tpg{m&?e?éﬁg%&a%er objc}éﬁnc%vapor
t hed¢gpositiomt PEQVBMreastert o provi de a thermally stable
ultralow dielectric constant materi al that has | ow

internal stresses and a dielectric constant of no
, hi Bpwyet ¢ fitherabingt of shegresgn inyepticafepriigen ipypeoved method for

di ekBfbding a&@x&%@%elécﬁrc cbrd Bt Hohitbri] Afaoﬁmgea"ﬂm ona sistrate in

in a rangé. of-about 1. toaggutZ

pr ahemawe of G @.Cé?zélact @3 theropy Epnipying ‘gﬂf”ﬁmH o?rbgﬁ@@smﬂ film
abogd well £ steBiligig We plsmPwithin the PECVD reactor.

It is another obj ect of the present invention to provide a method for fabricating an
ultralow dielectric constant material for use in electronio 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 thézmally stable ultralow
dielectric constant material that has low interal stresses and a dielectric constant of not
‘higher than about 2.8, More preferably, the dielectric constent for the ultralow-k material



It is still another object of the present invention to
provide an el ectronic structure incorporating |layers
of insulating materials as intralevel or interlevel
dielectrics in a back- end-of-the-line ("BEQ.") wiring
structure in which at |east two of the | ayers of
insulating materials conprise an ultralow dielectric
constant material of the present invention. It is yet
a further object of the present invention to provide
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an electronio structure (i.e., substrate) that has layers of insulating materials as intralevel
or interlevel dielectrics used in a back-end-of-the-line (“BEOL") wiring structure;
wherein the insulating material can be the ultralow-k film of present invention. - -




atonms of C, H and optionally O, F and Ninto the
reactor; and depositing an wultralowk filmon the
substrate. The depositing step maybe perforned in the
presence of CO2 or CO2 and 2. Preferably, the first
precursor is selected fromnolecules with ring
structures conprising Si COH conponents such-as 1, 3,
5, 7- tetranethyl oyclotetrasil oxane ("TMCTS " or
"C4H1604S14 "). The second precursor may be an _organic
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about 1000 sccm setting the flow rate of the second
precursor between about 5 scorn and .about 1000 sccm
setting. the reactor pressure at a pressure between
about 50 mlorr and about 5000 nfTorr; and setting the
hi gh frequency RF power between about 15 Wand about
500 W Optionally, an wultral ow frequency power may be
added to the plasma between about 10 Wand about 300
W When the conductive area of the substrate chuck is
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The oyclic siloxane precursor utilized can be tetramethylcyclotétrasiloxano (“TMCTS”)
and the organic precursor can be cyclopqntetle oxide (“CPO”), The deposition step for



scan and about 1000 scorn; setting the flow rate of
the organi c precursor between about 5 sccm and about
1000 socm and setting the pressure reactor at between
about 50 niforr and about 5000 mTorr. Additionally,
the deposition step may further conprise setting a
flow ratio of cycl opentene oxide to
tetramet hyl cycl otetrasil oxane to between about 0.1
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of presence of CO; or CO; and Q;. The inventive method may further comprise the step of
annealing the film ata te_mperatlne of not higher than about 300°C for a first time period
“and then at a temperature not lower than about 380°C for a second time period, 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 time period. The oyclic siloxane precursor can be
tetramethylcyclotetrasiloxane (“IMCTS") and the cyclic organic precursor can be
" cyclopentene oxide (“CPO").




insulating materials as intralevel or interlevel

di el ectrics in A back-end-of-the-line ( BEQOL")

i nt erconnect structure which includes a pre-processed
sem -conducting substrate that has a first region of
nmetal enbedded in a first [ayer of insulating
material, a first region of conductor enbedded in a.
second | ayer of insulating material of the inventive
ultralowk dielectric, the ultralowk dielectric
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die deposited on Iﬂ % ﬁbégﬁcog EPd tﬁ}/cﬁayem otI ms%latmg material The
electronic structure may fiwther comprise a dielectric on top of the second layer of
insulating material, which aots as a reactive ion stch (“RIE”) hard mask and polish stop
layer and a dieleotric diffusion barrier layer on top of the dielectric RIE hard mask and




8 polish stop |layer. The electronic structure may
further conprise a first dielectric RIE hard
mask/ pol i sh -stop | ayer on top of the second | ayer of
insulating material, a first dielectric RIE hard
mask/ di ffusion barrier layer' on top of the first
dielectric polish-stop Ilayer, a second dielectric R E
hard mask/ polish- stop layer on top of the third.

| ayer of insulating material, and a second dielectric
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st rlﬂ@@lawc digfectiiclgnd grointrelovel drelpcmaqrfgtiraquc&Mebpgtna
oxabi byclic , which is a preferred conpound for the
second precursor. In this general schematic, the
conpound i ncl udRRIBRPESCRETTON QF FHEPRAWINGS ai ns an
oxygen atom . The size of each ring is determ ned by

t he_nunber of repeating nethylene groups in each
cy cThe foragingpbigcts, fnat@rehmgmiyanps@sfoé ﬂxewsmgwdfon will become
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the general el ectronr o structure o unsaturate
bi cyclic ether, also known as a unsaturat ed

oX q@g&yp hépfots m@géﬁ&al dlecroRb RhRAEES a SRR By, R0 ktntrﬁt asa
sec ur sor. %%“HOIS general schematic,
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bo regicle,n andiad, & whighly phiferred ame oﬂcyclopedtéme o£M8 =@ afd n = 2,
9- oxabicyl o[ 6. 1. 0] non-4-ene, 1= 0, m= 2 and n=2.

Figure 3 depicts a cross-sectional view of a parallel
pI ﬁ@lre:hdnpwtsahe gmﬁdrelmt&mﬁssttucmre of e aupstinratedbiuyolickitting also
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methylene groups in each cycle, 1, m and n. The position of the unsaturated bond is

determined by m and n. In the example of 9-oxabicylo[6.1.0Jnon-4-ene, 1 =0, m =2 and
n=2, |

Figure 3 depicts a cross-sectional view of a parallel plate chemical vapor deposition
reactor according to the present invention.



Figure 5 depicts a FTIR spectrum obtained fromthe
inventive ultralowk material deposited froma

m xture of TMCTS+He "and cycl opentene oxi de accordi ng

to the present invention. Figure 6 depicts an

enl arged, cross-sectional view of an el ectronic device
having an intralevel dielectric |ayer and an

inter]level dielectric layer of ultralowk materi al
according to the present invention. Figure 7 depicts

an Erghmrélgbmcts afoser Teatforanmfranet ewm")@mm ebibinedfram a SiICOH

b 1 P s e ot PR GRSt it b e

materl al filmaccording to the present i nvention.
Cross-sectional view 0
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themﬁ'@!“if’gh stop |l ayer according to the present
invention. Figure 9 depicts an enl arged,
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di elnfsibvel Bieleath8 \agerQfd hdRteRbvel BiBlebtRb B {,ér%vakralow-k material
ultralgwk material filmaccording to the present

i nvasReriisg to theypreent inpsnliftSCRI PTI ON OF THE  PREFERRED
EMBODI MENTS OF THE | NVENTI ON The present invention
di sc| oses a method for fabricating a thermally stable
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rea tor Thegﬁﬁterlal di scl osed in the preferred

§eoreing tfheprsentinverlion i x of a hydrogenat ed

OXI di zed silicon car bon materi al ( Si COH) conprising

d H ed t Kk d
e TRl & dariah ot eSS A VRt DA AR GEFigare
2, Shavitigiag bdditional RIEtha@ imaglopdlish-Stop Al ecigio b@laj&e &ic&hél@:ltxﬂﬁcap
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bel ow about 2.0. Mre preferabl y, the di el ectric

o0 pa8) i s AL LB b o

di dievisgeiditionehREhatd msk/pdmh-stoa dge@c@ic laybm ot t® off thednterlevel
aboyifraiow. @ater%?ﬁﬂ&g&&i%ﬁ%#ﬂﬁeﬁh Kod hermal ly stable

film a specitic geomnet ep03|t| on reactor
Wi th specific growth condl tions is necessary. For

instance, in the pprArED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE INVENTION

EIO_

The present invention discloses a method for fabricating a thermally stable ultralow
dielectric constant film ina parallel plate plasma enhanced chemical vapor deposition
(“PECVD"”) reactor. The materiel disclosed in the preferred embodiment contains a
matrix of a hydrogenated oxidized silicon carbon material (SiCOH) comprising Si, C, O
. and H in a covalently bonded network and having a dielectric constant of not more than
about 2.8, which may further contain molecular scale voids, approximately 0.5 to 20
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paral l el plate reactor, a conductive area of the
substrate chuck shoul d be between about 300 cn2 and
about 700 cn2 , with a gap between the substrate and a
top el ectrode between about 1 cm and about 10 cm A

RP power is applied to the substrate. In accordance

wWth the present invention, the ultralow dielectric
constant filmis formed froma mxture of a cyclic

sil oxane precursor such as TMCTS. and a second

pr emnorseer,in diametr, fisthamneducigg thedielovtriceonstat tovaluexdiekes about 2.0.

20 R R o b BB SE M Lot 1.5
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fra nt$i The fillmgdensity I's thus décreased The

FlorR Somens il P S BCrhdk iR BES 978 OF i3 98 COn g0, The
ﬁailcﬁﬁ ﬂlaﬂecﬁilﬂ ainstbé’tsﬂhﬂfaf thl;%lfeéﬁnﬂwverﬁbﬁ bﬁ@&tﬁﬂeﬁb&ﬂbﬁﬁiﬁt@& ata

|n ? ?l%ﬁotcﬁsan it'abl e.

\&8 for I C{] a,bb@tlo?# gourl\;bfeguca the dislectric
pr ebrestaaty ID)unng ktds lﬁhﬁieﬁ@ieﬁﬂ s@eppmblsdxﬂmfragimﬁts ﬁ&ﬁreﬂ ﬁm fitiel sédnd
ultralo film,is narangme?ﬂn gg# out
5. bR e of s P ie) BreprtiiR @Bt agt lafily pygen
in a’@mamgdhenﬁalhhlemmnpasd)nd may bbauver2d Rio sﬂ'dmer moleailes whith are
f|| b epa red n ast two
sui' %Zélopr g‘c ﬁgnéor ﬁ‘gy lc“‘“‘E%'ec cfl(%’m o%o‘ﬁ%\ﬁ%?]ccgfm the film
pr by é'ss)rcm@s pécaresien sdadedesfithe ineldchefragments.cTio/film density is
Prﬁj %p ag, t he first precursor is selected from

ecul e

S With ring structures conprising Si COH
conponents such as. 1,3,5,7 11

| AR UL Hi888 ML Sl A BRI

or oct anet tetrasi
C5 mmsmmtant Marlewesdirio pbout 9. 8 Wlheh ip isyiteble fior dasegragion i sBEOL

0f PR VoGS B0 B BT AL et 0
film isi in & range of about ? 5to about 2.5 and, most preferably, the dielectric constant is
inarange of about 2.0 to about 2.25. The inventive films can be prepared by choosing at
least two suitable precursors and‘a specific combination of processing parameters 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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atons bonded in an alternating fashion to which al kyl
groups (such as nethyl, ethyl, propyl or higher or
branched anal og's as well as cyclic hydrocarbons such
as cyclopropyl, cyclopentyl, cyclohexyl, and higher
anal ogs) are covalontly bonded to at |east one of the
silicon atons, including the cases where all the
silicon atoms have two al kyl groups attached. Such

al kyl groups may be simlar or dissimlar.

Addterh:mgagyﬂr;]%mt&ﬁmo&hdel(mmbpemm@fguw% klbfclotetrasﬂoxane

si | oxanes bonded to hydro case
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or oD s nalitine e solfh PG, (o Mgk sRB R el e
mayatinehadr Ssehrikyl gmujsmqyr’oe eintiBoar dlsshmm: ufkdihudﬁdgethb &Ilbqn atoms

oncotpen @els SRR BT R Do e WP Pes B FRpypmcs

oxymeybe cohsitdiemartifip alikpisted hyveositosess ui t abl e are  those -
that-include a ring of a size that inparts significant

ring strain, nanmely rings of 3 or 4 atons and/or 7 or
nor ‘Ehessecumd preBa‘sernmylba chogenafrdnm agamvm,oleaﬂa, coatyiningC, of, amd O

| 236k S 1 e R Ay oy e
6- om&bdmg&ﬂodidﬂeﬁosﬁljohmnmsawapmbympuhm of xengperafuiogand

;;g tie. Ad oﬁ%&g‘%ﬁa atm%%xg%epslﬁv% 8%%‘}.%%&?@%%&&5&1:1%

0X am‘p@ya@r wpBoule. o@cid@tmelb' wmoredhen ope tingmay badiresent (bthe preggor
at
ﬁofé%ﬁéi?sye@g&egﬁeﬁéﬁkh&yc‘% Q%L&g?ﬁm%dllgn%@%wgsfwmh
| gen@ptﬂqsy e@@efemesrefemtal iokygeReOf Besnperies hriogt puitable are
Fi 0b& tthat %Mdb@nﬁg%ﬁ's %@il Igfrdi ) AAnbLY rinkd ¥E 3 or
have sdnme ree

second precursor unsat uratl on
‘f ﬁomgm@{@a&oaw@[ mg, Bfﬁ%armﬁaaﬁgw( brﬁ menyereoky clasg of
o@fds ﬁF@dmt 0 RN EhicyElidk. Eﬁmgsme ?éadﬂd ysmmtewkﬁnﬁMew are
. ur er nor e, e secon pre [ ve
‘ad d*? P’faawg?lolf*fl&akbeﬁmﬁm qpenteneioxide (i 1305 @%&76%@@ H§
i mquwyﬂo [4K EiRpRse or&&ﬁ@iﬁdﬁ%mdampmm°@m7d@mm Hg),
- ins t est anh i d
| s byl RRtef o lngiens e (b SRC of ST
7 ok erbivyelb[Q A THopRhde | dadpoRycpelchexbuitiby= T att713 Smmlgp More
dgenerally, speom that fit the formula shown in Figure 1 may be considered suitable.

Additionally, the second precumor may have some degree of unsaturation as in
9-oxabicylo[6.1.0}non-4-ene (bp = 195°C at 760 mm Hg) or compounds of the general
structure shown in Figure 2. Furthermore, the second precursor may have additional
functionalities including, but not limited to: ketones, aldehydes, amines, amides, imides,
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3- oxabi oyol o[ 3. 1. 0) hexane- 2, 4-di one (bp =100C at 5

m x, Hg). Furthernore, the first precursor may
firrther be mxed with CO2 as a carrier gas or the
first and second precursor gases may be m xed with CO2
or a mxture of CO2 and 02 in the PECVD reactor. The
addition of CO2 to the first precursor as a carrier
gas, or the addition of C02 or a m xture of CO2 and
02 to the first and second precursors in the PECVD

o, BN s Rt iy Bl PRl Rl

pr emuﬂbhyqlo[tm@]lmptw-ﬂooo tone(bp@dﬂdmmmnﬂg)]fmd aglout f 25

scan, to,, a cpr.n, -An e, pref.era rom
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CO2 FuhiehmdR, ﬂﬁﬁ?dﬂﬁte&&ﬁbr\tm Mﬂ&m&hﬁc&im&f@ﬁﬁ&@ﬁﬁa gas or the

precur sors, e anmount of S
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adm ((epEORLY Béctof, onieabaﬁén &"cbzs&ms ﬂrst ro&idsod 850 carddp BR, or the
preferabl t he anmount of from about, 50 scap

0 0D ST 8 SHIRERRP e A e st G §0G00K PERFPRTB R RE

' S FHEWPrea P viRR 2 S@BMNzind SR\ Hilasing b PE@Vﬁ reactor anid
paral l el plate plasma enhanced chem cal vap

depdgiprovesihe yribprairyf the Wmdeppsitadpn the guhgiraie, a‘éhm 1§ gmixed

Pr OGR&ShE s PR sE88h I Beirfors, HAGmbEHR 6F COFANTY Bim abbut Bl scom to
the reactor 10 is approxi mately 13 inches, while its

hei ceut 1900 segm, g srosscpaiareblyyiop ahoyt 50 serm tophent §P0sremeWhena
of  shiRfhd FcR, RhYOKis' Jaamlx%d ﬁﬁﬂh@ RlefR{dakibnd BreBursdr) E@v@Enount of

React ant gases are |na§ 0 reactor@éo througoff]

a gd<Oupdmixet Bigy be fopmyshewd 25 ewwpgaouwop Reem 02
apargdmbxe® Has ub&bfh%@tomsedm tbz.sokama M6 pzaf@ﬁblyz; lﬂibuinoimt of CO, is
- inch, and are exhausted out reacto tg)&% &fi

- 3- i it heHIA0sporp 5y 4oyt 00 pgem g a3t oF O 5 REAba Lisgom to
GDP ghbut 30kdcah) i s el ectri cal l'y insulated from react or

10, and.substrata chuck 12 is grounded. For practical

pur poses, all "other parts of the reactor are grounded.
I n aAs sbint RITEgIre E,Iﬁaﬁﬂbllﬁﬁﬁé plaskfz enlpavsdrch@flical agpdn deposmon

con te chu 12 and ransan,t
o b SRRkt 1014 R b oy oo SR B s, helthr
neqgaidnvter, X, af the\tcbmtce 10 isabpremmstelgrdﬁ mdlanwmtstﬂufght Y, 1s
reactor .o
crnp GBS Bt e B B bR i, L BRI kay 108
be  usdhes. Reactant @aseam dgtrotiveed inbeoneentord 0 fipbughs: gaadxstap@maplste
at t
Y 1CERATR o is bR AR hon gl IR Gl K 12875 B B s 18, ond
poware sxhipisted et qugactloelQ:tbmném Pinchoxhiaust port 18. RF power 20is .
connected to GDP 16, which is electrically insulated from reactor 10, ax_ld substrate chuck
12 is grounded. For practical purposes, all other parts of the reactor are grounded. Ina
different embodiment, RF power 20 can be connected to substrate chuck 12 and
transmitted to substrate 22, In this case, the substrate acquires a negative b_ias, whose
value is dependent on the reactor geometry and plesma parameters. In another

embodiment, more than one electrical power supply can beused. For instance, two
power supplies can operate at the same RF frequenoy, or one may operate at a low
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to the sane el ectrode or to separate electrodes. In
anot her enbodi nent, the RF power supply can be pul sed
on and off during deposition. Process variabl es
controlled during deposition of the lowk filnms are
RF power, precursor mxture and flow rate, pressure in
reactor, and substrate tenperature. Surfaces 24 of
reactor 10 nay be coated with an insulating coating
material. For instance, one specific type of coating
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02,,,according to the present invention. In the

exanpl es. 1-2, the TMCTS precursor vapors were
transported into the reactor by using )He' as a
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by examplegof depasitipn efijimg 9%112@1&& figy pregpraqritgramethileyqlatefpsiloxane

Ve ey ieea) m‘ﬁra%@&ﬁ@ pﬁ&uﬁg gﬁl(ﬁ)fmg@ﬂe oxfd® l?‘@'d”) Qi whIPad RGN of

k. 14 |t Ra&ze t hat efabrlcalon
netﬁhaam@e%mpﬂéowq a1 Pp ea9rding 49 émpirféﬁlt inyention. In the

examples. 1-2, the TMCTS precursor vapors were transported into the reactor by using He'

as a carrier gas, while in the examples 3, the TMCTS was transported by a liquid delivery
systm. In the examplm 5-7, the TMCTS precursor vapors were transported into the
reactor using CO; es a carrier gas, while in the example 8, the TMGTS was transported
by a liquid delivery system. Optionally, the films were hest treated at 400°C after |
depositionto reduce k. |
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only possible by utilizing a deposition reactor that
has a specific geonetry with uniquely -defined growth
conditions. Wen a reactor of different geonetry is
used under the defined growh conditions, the filns
produced may not achieve the ultralow dielectric
constant. For instance, the parallel plate reactor
according to the present invention should have an
area of the substrate chuck of between about 300 cnR

22 d Iaﬁhmultt)i bé @ﬁphﬂﬂed thstdhe ﬁlﬁrﬁ:ﬁﬁdxﬁb&thbdbedommh ) mb el Qvefition is
an abaqut en the,su strate

i oAbl by T deneiiof raaelor 1t 4 BEPiGs Somel g pquely
ge: vu% cénd‘i%lbhs awﬂe@md bwtc%rl)@diﬁ%nt etzl@ﬁ@ﬁﬁﬂ dfdey the

et we apou cm.an apbou cm power - i
app|4 gmstﬁ@or@sl? topsy eﬁémémomwawtacweaww}ow dietectrio
bet wafitard bl%‘insﬂeﬁc% pﬁﬁ@bl 91@&%%5 accbfh%g t@ﬂiﬁ’ pﬁﬁﬁf BY&ibY should

at about ow frequenc

wdieve s ares o thesubsirgte elalda phbetween ghout ﬁ)@ng arwﬁeab@u@@p ewgand
as toh&Ferbly B&Wn ab&{t 5b@m£hﬁdmaod&2eﬁg&geg%%e§& thé'substrate and

power denS|t of tion

condha g2 ﬁ@mwmn pzvév(omoe eleptsqsielis b@tweewabw éwamﬂ abaat 10 cm, and
Suc??&ﬁfaﬁl b bhtWR GBI Bl dnPihd aBdut VR, qgg;?d o 13 @Ie%?&ﬁ:ofme

according to the present | nventjon.

efectrodepplerfzpduqney betwesaabrat A2 MFEi and 2Bt BHMER) endtpreferably at
- 35 5%0@@9* smvﬁfﬁr@mvyfregﬁenkeﬁtb%m :émlﬂawe&%ﬁmalg%%puea at

I's utilized ower density between ab
0. OEShWﬁlﬁP egirpde sy RF pqwq, e the omoalﬁﬁflqm«%e@# appWer density of 0
bet wpgn vput 0.25 WcenR and about 0.8 Wcen® is
utilized. A reactant gas flowrate of T 4Cl1'S bet ween
about 5 scan and about 1000 seem and preferably

bet viae Bep%blﬁbﬁ co%@xh&&&iﬁh@d&%@é)%ﬁ@@% R duscddifull inpREhentation

Are as flowr éPCPO bet ween _abput 5 sca

and® 2&@3@% PROFESHACCRY Ja'g f tbe presegt pvention. \Foeinstans a Waler .

SCalﬁenﬁii&l n&bt@wetvﬂe'éﬁ)amm°ggndlﬁboht s, apf&;tr@faablyroea&waeﬁtabout :
as [ e

920 st angaBout 2B c S R potSh S Dt 8 Wi

‘scambout nmwmf asd ﬁmﬁgraﬁ@bembdn B5dun0.28 Wiom® amdaabout 0.8 W/em? is

res \/ 1

By Bistaclsh UM AR he GENIERE st Bl s SR Ryl Hoffoo

f | owcony sl Iﬁrcﬁerabmerwem about-ASeotm & abod 200 socm xouiiliz&l) AGeactant

5000, 0 AU PO AP Y 5 08 ey

arrier
abobctwsel gboutr1f scam @d@b@é Y] sor:mmwnhzdt éstoﬂahleaommgarmtwoﬁe of

" XIS, DR kel BIAGERS 5 AU 6100

aboseeng foweaies HEO00RI Oamixthe @wresmoavﬂbﬁomlzout 25 scom to 1000

Pr et et ARl ¥o) shdlth ﬂgﬁbﬁm 1ch9 16 @Rt 50:6nPBPYY, andBow £ or CO,
React or pressure
from about 15 scom to about 1000 sccm. A total reactant gas flow rate of TMCTS-CO;,
where CO; is used a8 a carrier gas is preferably from about 50 scom to 500 scem , flow
rates for CO; and O, mixture are preferably respectively from about 50 scem to about 500
scem for CO; and from about 1 scom tp about 30 scom for Oz, and flow rate for CO,

' preferably is fiom about 50 scem to about 500 socrn. Reactor pressure during the
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15 deposition process between about 50 mforr and

about 5000 nforr, and preferably between about 100
mlorr and about 3000 niczrr is utilized. It should
be noted that a change in the area of the substrate
chuck by a factor, X, i.e., a change froma value in

t he range between about 300 cnR and about 700 cn®,

W Il change the RP power by a factor, X, fromthat
previously specified. Simlarly, a change in the area.
of dmsitiohprocesd ieetvden eboub §0 m’[‘bmmtdxbout‘ﬁoommmorq afthprefeeablyn

Sub bPP BRI gt a5 Sontlo%0 Brokislledlu b1 oui oush

specified, wll be associated with a change by a

fac Y, the gas flow rates fromth

pr et S@ﬂ%@é&oﬁrg #P@@ngqmt@wqfil@ﬂhswﬁch%b}bgfw%mw a
I eaghde frém YR iniA e Betwabn 36t 300 BRT é&ﬁtaﬁout 760 &i*Swilfehange
each individual_ substrate chuck and the f|ow rates of

t he theddaowerdya fagter, ¥ngom th@aprwauan spa@paés Similsly s changs in the
Ac C gielbitad bﬁbs&a&tcﬂhckfﬂy‘&%&&t " Sand 'B.Qhefn? 1}‘&' ng’gétvdggh‘mé ges©

react or are by

t he
d e psgmpmmwmweawm a fastostZo fromm Prguiondy qneeified,
fil g0 8 Bsodiafel iwith 4 8khnl Q@tf;a Rclon ST BQhd s BN L& from thet

|ntegrat|on proceSS|n ) Stabl |1 zati on ETOCGSS can

be pevicBdvgcifiod 45wy selécrpRsiiion Frgctentie pseditthexssen f tippgstrate
t0 redlQidleadhQRGvitRN s&sﬁdté‘@au Be4rid kb ﬂ?ﬁh’ﬂ%@@f RGN $s erto one

hours, and about 4 ho The ‘'stabilizati on rocess

c aningividyalfienqsition éﬁa‘i’fﬁ'd A%Orélnﬁldﬁio@l Hoverates pocHpigkrawenigput to the
Pr OFR8Sr 8¢ muliSEBY atoihl SBmBRQAY aepasmw stad B nsidd e reactor.

dielectric constants of the fil'ns obtained according
to the present invention are |lower thmabout 2.8. The

t hefI’H@dlep&dit@@ﬁlh‘lstaisé s@biliBEbefdrb hirgafi Rirhetin %%ﬁ@éz?%\ﬁss‘iﬂg The

the Sent i nvent on-,0x| di zi ucp
oo ahperab et 56 Mg e sepboun 300°Cto

eI e aioupsuoeC ﬁewuﬁlepm{ddrbaﬁwtcmmefogs litﬁlrstalﬁdhlhﬁt tphﬁﬁrﬁmhc o

i nv L, are sno t .shou e

ot St Re e 8% e B sk ieSin  Fpi et giapling ooess t

nmer teknpemﬂufesl stiove teait 300°C. emtﬁélamcammm dfgxetﬁhm Gigained

pr e§c% ng 11 tﬁl%(ge 8? | m%ﬁt on arg H}ﬁﬁc’ Soogttzthe Th% fgp}ﬁ% of the

L so _ accor |ng resent

Fi gﬁlncs obtahhecpaoomﬂme lteethe present indenipca naﬁ}omuming |ambimt1 i op tonat
a SjlJ Ontop of silicon substrate
fe{adrt]g ng Q{)@ﬁl Iayer 34 is formed with

a Srst r egl on of nmetal 36 enbedded therein. After a
2 M v bidin Figures 6-
o ﬁ% d eg&ﬁ%&b@f&ﬁ%}m éo?‘&hé‘g: t\(;e prngD lﬂwﬁﬁo%ca?essﬁow in Figures 6
9. It should be noted that the dev1ces shown in Figures 6-9, are merely illustrated as
examples accordmg to the present mventlon, while countl&es other dewces can a..so be
formed according to the present invention,

Figure 6 depi‘c"cS electrbm'c device 30 that is built on a gilicon substrate 32. On top of
silicon substrate 32, insulating mate_rial layer 34 is formed with a first region of metal 36

embedded therein, After a chemical mechenical polishing (“CMP”) process is conducted
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on first region of nmetal 36, a filmsuch as an

ultralowk film3 8 is deposited on top of first

| ayer of insulating material 34 and first regi on of

nmetal 36, First layer of insulating material 34 may

be suitably formed of silicon oxide, silicon nitride,
doped varieties of these materials, or any other
suitable insulating materials. Utralowk film38 is
patterned by a photolithography process and conduct or

| ay &y firéhQedién SFRARDSE B, quhhfa@dh% Ao uld1b 9k m sﬂﬁepmrswmp of first

on first conductor Iayer is carried out, seco

| aylayer gf mmlatmarr@mkl %.m%ﬁmwesign ofagtel 36 Bept lpyeraf Bﬁ\&&%

o SBREA ¢ BAPHE AP A FORR b PRI oL OGERe of

c o rtbiese materinlay o Ianmher ouitabilg insuletingayaterialso wm}ow—b &lm 38 is patterned

n o i) maéhgﬁ iﬁfog@%ﬂﬁ&%{i&b@d Snt%?\gdrt&tlt*y\ée@?&&h@{l tlﬁfema Aftera CMP
metbdessondistdonductorlaym #@isicatried but eeomil tayen of nltx;bprpieﬁlm his

e QR B4 4 i B v Bl MG PECTB e "
c 0 mwﬂmgtﬁmsbudtrﬂnw& filini38 end fixgfi conduotor huper4D. 360ndu¢toslew:m AQmay
gcle%?%ﬁe&: &lg#%lﬁc[ coﬁ&{\ch&e rﬁﬁérma 91‘ a %&&Eﬁia{ﬁc ﬁonduckve m?tenal For.

fOCESS N Secon
I awestanlw, ainsetalbncinductiv méterial ofwdumibym ar epprogir @ inowmmetallic

co ntgégrfa(l) gu%é 6£ Bid3 %fgd;}dsgw&gﬂ%pl?etu%%ﬁa%ﬁ{t c?xkdtmt&efdigﬁ electrical

rrettahImmmm@thfa‘p‘trcgwna)fmhl Betallic material, simlar
to that used in depositing the first conduct or | ayer

40. The second regu on of conductor 50 is in electrical
comsrmmmegxen ofiondncton 80 isifermed, aftergy phatobihogrenhén rrecsss in gecond

: I nsu at oqu&fﬁes é%g% n%'cfaggzédq%%rd tsjftg g{ %Qwr &ll%slecsond

i n gonductps matetialn Saeond gandpctenS8 iy lse be dapesited pfeither a metallic
i n Sxﬂétaﬁal B ndﬁ%&ﬁm@ﬁaaté‘?al sInmaI [ tRat %pea% aepesnﬁahgqn'aoﬁ@ cohdifBtor

flrst [ ayer of |nsulat|nc teri al ,
ul tlexer 40 Rhe sgepnd ragion oﬁeqeévcénrﬁa istip ek%%mmcauon with the first

' n;&%@&ﬁ lS’l”aonéd%on 86 aridSs @fbeddelii Bb 53¢6Ad layh Gf @6&dl6w-K insulator 44.
mat ef i a

the second. l.ayer of ins
T eisagond [avgs of ulmevek SIS BRMnRs fopisaLpLas G gayer gf insulsting
bOtﬂ‘latékihl B&tma]hlﬁbiﬁblﬁa&dm@ré thefigt Ila?etefﬁdﬂﬁing @riatetiel 38 Patictolis an
,eeCtrJCCI"IStant 0 the ult
T Ny B Sl soperi o R Ao Ve B ey igigptic
fi r:ﬁﬁtmidn&dﬂathersecohdilawrlofBl&ﬂaim@ mmamﬁe i thesulraow-kdilih @4 eserves
ts el.ec ni, ¢

ure,7.d 6Q agcordin
¢ hers BPA BB ot and P En SRl iRty HRfeiR o GRBERD Belat of
d evtheeltraﬂw&hﬁlvmwpmd? mumlgqxomy catd He lachdebeid by finstihsulating layer
g{ﬁ %rl C Cﬁ’ﬁ? deposi ted between first
ué yfra er 38 and second | nsul ati ng
mat eri al I ayer 44. Dielectric cap layer 62 can be
st 'I; abI (];p?cgtsneledctr%c evice GSraEc%lrdlﬂc’gL{g g‘m p%esalt vgn%n, sﬁﬁifja? 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. Dieleciric cap layer 62 can be suitably formed of & material such as silicon oxide,
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17 silicon nitride, silicon oxynitride, silicon
carbide, silicon carbo-oxide (SiCO, nodified

- ultralowk and their hydrogenated conpounds, as well

as refractory netal silicon nitride, wherein the
refractory netal is selected the group consisting of

Ta, Zr, H, and W Additional dielectric cap |ayer 62
functions as a diffusion barrier layer for preventing

di ffusion of first conductor |ayer 40 into second

i ns silindn mityidegsilizon alynitideesilicbd carbide, silivort dasbo-dxoled8iCO), modified

o PpLovER B el nyfhoaRintid SOURBA RO o6 eRaPBbp g sficon itide,
d Iev m?erexmumﬁm&iy ﬁ%ﬂ 9 %séllsueeddtlga" g@%msﬁugﬁ u‘tﬁngr, Hf)and W,

el ectr | Vvl Cce agditil o eecrl

" ay it dfsfpoeia o e 5B s R ision b e e dappreventiog

( charfismh ormei BRd LRk 1apal4lomb Sdondiftulaiify ﬁat@m he@m oRirfo the
use First dielectri c q»ét ger 72 is dep05| ted on

top?l%’fcr fayprgespegially into Ipgsr | ayer 38. The
function of dielectric layer 72 is to provide an end
poi nt for the CVP process utjlized in planarizin

P71 Blaveadh et srothes plsmatpemisgionest ptslegimidiseice 7acsiting o the
deppskéneiivaition BlélebRktiSdevit 90 eFd addmoﬁafd&!dc@ic c§#ﬁ9er§‘$2 and 74

sili.con oxide_ silicon nitride, ['icon_oxynitri
si | thebhpt esanRTE mesk apd|GNR (chermieR mueebAnisd pebwh@s} POIFFBG‘PP leger are
ul t Glgopir arfeirb B@i 1ﬁyé9yﬁis%ﬁi§ﬂ&ﬁﬁt st Jayer 38,

asrefractoﬁé net al silicon nltrlde vvhereln e
r ef The fuBetipn ek diglectiicleyw 7@ it te grovids Ar ed@oingfop the M process utilized

Conﬁilﬁﬁdaﬁﬁn%ﬁmt chductBh 1ayaf4oa!Pdhswstoﬂhqemmaﬁwdegsﬁte@éfasmtable :
C

di el ri er 72 |s | eyel i.rs .
contietErEF maﬁvéﬁu@cﬁs U %4? rﬁﬂewpaw ido) carbide,
22 ?ﬁdﬁﬁaﬂ:ﬁ-okﬂ? (S1QD),$ﬁﬂlmd ulumemgxu f@iriR&egdnaled tay®inds, as
: 0 ur.e epi cts

ot s ERmeB ilea A F5 g P el ffsed fom the
80- gwap ccdusis@gtocrr Tal 7o Hif BeSWN tr‘he 1oy evrfacOSE didlgvtriclbyer 72 is at the
altern an ,addi tional, | ayer :
i o FaRtreL SR LR o st feteoe Bfen 24 cwpe s om o
i nsof setond dnsolatiryrhaérial lyerd4 4ot thestune pwpossepar at e | ayers
84 and 86. Intralevel and interlevel dielectric |ayer

44, as depicted in Figure 8, is therefore divided
i nt Bigiuetdaiepioly etill aothkieaitemate einhgdimerd 4f devtronin ﬂmeesﬁebcording to

"
B BB, BRI o UM s of o i
Fi gdﬁp@sxgad e ihustielilesisenond ingiltingsnateriabayer #4into tap @epa%e Ipygrs 84
f

| ;; o 68;6 ﬂﬁ@%@éltag(gxlngéﬁg%eg l@le%g rie erlrm pa@ @s}ﬁﬁﬁi d;ﬁ ﬁ)ﬁu‘rﬁB is therefore
al t divided intadntiodayerdiplectds laym 4 emdexctrqdml cbeleomlencer 86 ot ﬂm)

i's Bd?ﬁﬁaég nggén%t&‘é&x{de& ob A BinteRonibol & eﬁctE%! f Fi%&!;‘? An

sto superior 1nterconnect h_con
addxtlonal d1ffusmn bamer 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 prowdmg superior

 interconnect depth control.
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18 The foll ow ng exanples are presented to illustrate
the fabrication of the ultralowk dielectric filmin
accordance with the present invention as well as to
denonstrate advantages that can be obtai ned
therefrom Exanple X In this. exanple, according to
Figure 3, a wafer is first prepared by introducing the
wafer into reactor 10 through a slit valve 14 and
pre-etching the wafer by argon gas. In this wafer

pr | f:
Bbor? (il ARFRSRs pllfiolH ik BB AN o el
scaﬂmlectri&fdmﬁnmerdmwpmﬂwrp&smﬁ imviertion ad @€l asfo demondtr 4R
ur o about 125 Wfor about 60
aagaﬁeﬁthg%&%obgaﬁ%gﬁl IERA™ he argon-gas flow are
then turned off The TMCTS precursor is carried into

the, reactor reactor using He as a carrier gas; He is
ati‘g‘—gﬁnéslsure of about 5 psig at the inlet to the

Tm&?amhﬂb;a?pordi@a Fﬂ%ﬂ %lﬂﬁwt‘ek %sfﬂrbtblﬁep&@@Bi fhtrodhoing theRafer

resen ve I Qh e eposi .

ol e }Pgtgﬁaél 3§l v en pﬂ?ﬁ@im@ %%@ﬂfsen g 13 thip

fl'll\/EfT.Wgr @f@&aﬁdﬂﬁx@eﬁﬁﬁ Iwefer fexn ?eratm%ﬁs o adbod ?nggﬂd ?fa argon flow
+ u orr. .

A RES 36‘6\9@? Eﬁ%ﬁf QP e & prgssyge 0351&9? Pocf)sﬂ PPWerdS

permeadurﬁ:éd 16 Woub (25T Hsttabsut 60 RorfaF. WRYRF pwedadchﬂe &6h gas
glmv 15 therg‘?tgérned off. The wafer is then renoved

'ctor 10. To reduce the dielectric
const ant of the deposited filnms and to further irrprove

| stability, Jj.e., t k
t orTib TS Bt Bimicd iy hicor oproT Ygdle sap Beriggns: Ho s
gn aeaﬂ)mﬁuxte;blf daoapsagésagl i tHelhtﬁet\t@tbatI}vt(EI‘S:cwtaﬁﬁxt sham&arowl-k film
i nensj.ona ilize anneal i.ng
pr 6& 8§d§n%nc %’ PP egn .‘%’?P%?H‘%}’r%gﬁ eﬁﬁ@f#‘ﬂ? ﬁ%‘i WW
t h @M@Eﬂ%mn@@P@t@qlmuemﬂw thies aelpeesige, il atabgut 2@ samfodr
fl | es-i | oad
ot ST e Bt ol of 860 bhd o APD 1t A (8P ghen o
i Den@bmtddt%forﬂhlmefpﬁmddabqut §minptes.t TrerRR posyesdod theagls flow
t |
oyt hcBfornbl GBR hel E thon o R i B REM A0 LT

rate of about 5C/ m nute, hol ding at about 280C for

A0 0odBod b URSric BAGAAINE ioReiRANIIL adOFhIAE iBlo Bl

about 5C/ mnute to ab ding at abo
f o therpal sigbilityhifrte makmth@m fteple ﬁéemnfraﬁwegrwqr than 00°C, the films

al hRwostdndeaRd fd dviorS& R k&s1b Sonfean)! an& R) ﬁn&ﬁf@ﬂﬁfy@h\f}ﬂﬁe @t
bel ow about 100C,~ A suitable first hol
. The post annealing process can be carried out in an annea%mg furnace by the

following steps. The furnace is first purged for about 5 minutes (with the film samplesin
a load station) with nitrogen at a flow rate _df about 10 litérs/minute. The film samples
are then transferred into the furnace reactor to start the post annealing c').rcle of heating the
films to about-280°C_at aheaﬁng rate of ébout 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, tummg 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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19 tenperature may be between about 280C and about
300C, while a suitable second holding tenperature may
be bet ween about 300C and about 400C. Results of the
first enbodi ment are now di scussed in reference to,
Figures 4 and 5. Figure 4 presents a Fourier
transforminfrared ("FTIR') spectrumof a typica
SiCOH film The spectrumdisplays a strong Si-O

absor ption band at about 1000-1100 cnf ', a Si-CH3

abs esnfeiatite MEPle dtweak Aot IR7E aibok ao@cswmhé ERAWI P
bansgﬁglg bout 2150 2250°cm 4 and. _sna C H absorption -

pea bitser ghout W&F@I%@Wé@mpnt ensities
of the CH, SiH and Si CH3 peaks as conpared to the SiO
peak of the S|C0—| filmare presented in Table |

her 8pspltp af thefirskanghodisnest ase royediswssedia refitemedp Bigtires Arand 5. Figure

oDt 35S TR AP BMSK ) BBAA 8 RS g . oo

pr e Speptrum digplpysiaskong S @p@pticmhand diabqut H909-1116@ cmSia-SHCH,

EIiO\-Neve tio ﬂ g ~5w}qpea 1| g gmﬁsa ho?ﬁmdrﬁ%%:gﬁglso%éo o™ and
th eﬂ@u—ﬂ%ﬁi’wﬁmn@nﬂl@ alredowtt 20603000 ¢ Oﬂ)‘hmlhﬂw:mtdlmh- of the CH,
mic §&F§nﬁ%ﬁ§ﬁ’3 ef1Q's H@meﬁlt& {hg bﬂ%}éﬁk Bf; tié{'% ICOT Pére belgsented in

SlCO—Ifllmsovvnln ure
i nt E#bde thasgnbelowhe CH, and Si CH3 peaks as conpared to

the Si 0 peak for this film are also shown in Table 1.

articularly illustrated in Table 1, the integrated
ar e g@;ﬁS@resen pB’ETIR spéctmeobisined &bwwa Rltkiowvak filsn ﬂ@ﬁ&r@iffroma
t hepBradbBTvMied ' -
peak i the i e%ll’b% %oﬁdﬁncg%tﬁ ﬂ}% é?e%ntir& tion, g‘%_g%ectmm

t hatisrlays theSi0aFioRH1 and C-H abearptinnmpsaks, as i Kjgirk e prever, the SI-H. |
lsqﬁs@@me 91%&%8{?@% G-H(BY tBﬁ%Exﬁ%‘? %boﬂpﬂﬁ)ﬁ -3

of B S g e pleaipvoh Bl fr te SKOR i HoPm il

S o O o, kel TS Bl R i

il |%5§Pclf%ﬁ%'@ "gﬁ’glur‘%l’smcqi&lbf iJustraterkisy Téﬂbweﬂ\emte@ted asep of C-

. Qtle peédlk_vtolfﬂﬁ unfaxom Rnede QO%thﬁ'Sl-Qﬁf"‘ﬁeaQﬂ(dﬁ'e@ i %Jy‘int%/oiithQsl-

(% Csf{g peaks m(a1 S/%OH%M%S isa clear mdlczrnon that the ultralow-k film containg a

significant amount of a secondary CH, (hydrocarbon) phase in addition to the SiCOH
phase. Another characteristic of the FTIR spectrum of the: ultralow-k film is the splitting-
of the Si-O peak into two peaks at about 1139 cm™ and about 1056 em™, as particularly
illustrated in Figure 5.

. Xable 1, Relative integrated intensities of FTIR absorption peak .

AR .;" ) .
MATERIAL: ]  CH/SIO (%) SH/S1O (%) SICH/SIO (%)
TR b, . .. !
SiCOH 2 7. 5
Ultralow-k 110 0 4
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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
into the reactor using He as a carrier gas; He is at
a. pressure of about 5 psig at the inlet to the TMCTS
container. The wultralowk filmaccording to the
present invention can be deposited by first
establishing gas flows of TMCTS +He and CPO to desired
f|0ﬂhﬂﬁ%ﬁ§ and pressure, i.e., at about 150 scorn of
T and about 50 scan of CPO and about 2000

T o R this axanxple, & wefer isprepared s desaribedtinddxample 4 the 1 fr Wnperature

for t b f
e TR T ARl B Bnied i (B oo
r enfCAsHer igpg) ﬂﬁeusheé aprsasd of iaboub Spsig at thdinlebiodhesTMERS eshiaifer. The

cagan A CARRRL B BRIk o o oo 6 Rl B eeqflting

t engrs lawe oETMECTS+Hde anddiiPrto désiredflove rmhncapremme 3&3% 150

o 1o oA PYRAREH B o Bl g oG Bohent g M i is

m / thimtuged ot Heb@RO50 W Hi otime m‘lod af dbahtel 0@fimE0 Tthe RB Gower and

mTorrgEE,s&h Wk? @Er %%g%?h 2‘?‘3’% ed ) at%%ﬁlgrqagwnreactorlo

f r eapd @mnopleg esvescribied miBxampl800 W ar e appl ied to the"
reactor. The ultralowk filmdeposition is performed
on the wafer at each. station with the wafer noving
t o Exsnpledt station after a preset time interval. The

o Bt Sl BUP R Ao 8 AL R AR ARG TR Bl ratre o e
de s‘t&ﬂrfﬁb‘b‘@kl imset gehon BéOT ThmTMb;‘@S fpmnmgm:mrmdaﬂm the seactor
th %sﬂg §§gﬁd\ﬁ@1§ve&%{}:@fl Gich ﬂo%x@te%? ﬁta'b&ﬂ 3 li’i?l/m? ? Z‘% tga B}’(ﬁ is flown at

Exa rern

p ul asrefe offheut 0B sempind thF HesSuris stabﬂaaqdmt ebout 3080 dSjous AltHIBIRE .
S pRRel FHRA 6o0Wend QWWﬁéthH?:? R&’vépok’ ou%’ﬂ) m%ﬁxe& to the
d e

but the,Ug)I asnma |s operate a pul's
wi EFRCeT. apeaat)mse%‘cmed@nthpwm ‘eanh staliorewith the

Of Vel wio ? td%@ ﬁext Ei@hdil&ﬁbkta P&t mﬁ@%ﬁﬁwaﬁ ’l‘h,?I Rva.pe? R4 ve®from

rom _reactor t he waf er
o TSRl o e RNt dePoBiEE o8 Pur naladkpt deseibed in
thExﬁﬁpldescrl bed in the foregoing exanples, the filns
that are prepared have dielectric

“In the fo_regoing examples, the plasma was operated in a continuous mode. In Examiple 4 -
herein belaw, 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 mods, i.¢., with a duty cycle of about 50% and a
plasma-on time of about 50 msec 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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constants in the range of about 2.0 to about 2, 25.
Exanple 5 In this exanple. according to Figure 3, a
wafer is first prepared by introducing the wafer into
reactor 10 through a slit valve 14 and pre-etching the
wafer by argon gas. In this wafer preparation
process, the wafer tenperature is set at about 180C
and the argon flow rate is set at about 25 scorn, to
achi eve a pressure of about 100 mTorr. A RF power is

t hen f ou SEC

The {486 e BreBRRK bradiie Mo e B weparEiaye iReic
- of f .coiteatsThAbE Binge efabout@0 to abaua2.25.ed i nto the react or
reactor using CO2 as a carrier gas; CO2 is at a

pressure of about 5 prig at the inlet to the TMCTS
contExiample.5 The ultralow k film according to the

presept inv ntloncan eposi,t fir o '
P 1B o R e S B Piofor 5 Fieb i ok ging the wafer
desiixte ﬂbaétbzd\@ﬂir@ﬁ@& MO Gel R 1R968 pre-etohing the v?éfer%g@fgbn g& In this
secm TS+ CO2 and about 10 scorn of

abo&"["?"i%l’ P PIOCHSS peratyig s set 8t gboyk 48QSH apd the argon flow
abo ite 1k Bet W sz@’?t A sbini®o ﬁﬁ.{e'v@éjpﬂs?ﬁ*w h{%ouﬁfb()d%ﬂifﬁt %R.E g&?er is

0 ow are en turned o

@}eﬁgﬂiﬁ Bie %ﬁ&}&égqurabﬁqt €0gerondpr Fhedft pawen and theprgon gas
redtﬂleﬁatehbenmuﬁbcﬁéfgrl c constant of the deposited filns

and to further inprove their thermal stability, i.e.,
to make them stable at tenperatures greater than 300C,

t he The TMETS §feeur@c§1$§ caﬁibﬁ@tﬂb ﬂﬁ réa@toﬁx\é@&&ﬁﬁﬁa R8s ¥ Qi kAsCCO,

contents and nsSi filmns,
o sk ook ot B tetin BTG ot Teiiglow fim
ann eca:brdmg t6 the preat hmdubﬁ :a:%ba Idb;sve;ttdagayﬂra B\&abhl'llﬂﬁ% $dd HIORE 6F

m nut.es
| .sarrprrMes |?Hg“cfgé\(3{°sc? cﬂ?}v r\%‘“’ﬂf‘dﬂﬁ%@éﬁ’ tag%‘t?@ifwn"f
rﬁt Msalﬁ@jhndlﬂmhﬂ ltOebmi of CRO ad abdre 100 fTorp. ARG weisik ﬁlen
t he r actor fo.start t
pos anne |§1&g§gv‘(b:$°égt ﬁgécf%l ﬁ ' .ﬁ%(?qu"% aﬁ%’ﬁ’fm
280@sdlowarathent thmed offit 'H:eoffafalia)bhen fefabvédrioirercadnioh thastgr 18t
about 280C for about 5 minutes, heating at it second

heating rate of about 5C/ m nute to about 4000C,, .
hol B wgucathedlirtestricaondant of thadapatited filmasnd o fiidhanimgyotettieir

f 1 a

' au[ﬂgﬁ%glrsg{balr quf’ &Jblg ow a ou‘fae Jigebfékr %aéﬁ#& ?dbsééttﬁe films
hol ¢ n@ft supealdip evanenstedhavenaite dontenie anl to Ginensip@ilTstabitize the
aboglins: @%os%h&aﬁn% e:t%&lsé e cﬁﬁ&f)&\g:&g Jﬂ‘ilm‘?éa [ﬁ%ﬁmﬁﬁ&& the

terripn?rat ure ween about
ollowing steps. The furnace is first purged for about 5 mlnutes (with the film semples in

a Joad 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 annealmg cycle of heating the
films to about 280°C at a heating rate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heating at & second heating rate of about 5°C/minute to about 400°C, |
holding at about 400°C for about 4 hours, tummg the furnace off and allowing the film
samples to cool to a temiperature of below about 100°C. A suitable first holding
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Exanple 6 In this exanple, a wafer is prepared as
described in Exanple 5, but the wafer tenperature is
set at about 300C. The TMCTS precursor is then carried
into the reactor using C02 as a carrier gas; CO2 is
at a pressure of about 5 psig at the inlet .to the
TMCTS container. The ultralowk filmaccording to the

~present invention can be deposited by fast

establishing gas flows of TMCTS+ C02 and CPO to

desj

sl Py B R ol A6 b S00°C, Byl daons
200DBolding tempeﬂtthgdmchetWesn abiou300%C amslcbbaut 460°Cabout 150
Wfor a time period of about 10 m nutes. The RF power

and the gas flow are then turned off. The wafer is
t helExamapleéed fromthe reaction reactor 10 and

AT e RS S Sl R RS BPB 2 Bxbliolecd ot o St Pthperature
o s gupasave e B o s
P e B et B o Biarei koo B ot e o roern R Fomfiner.

t od;fmnﬁﬂew& ﬁlﬂubcordlﬁgao Iﬂte@‘ielﬁ&lt ligveftRrcad Eailo/ cgutgdwﬁ@ted

D Eablighiod sef Dovs LS G s 2l Aeirgd fow S aLasgsmure, e,

Af t girab&@ THY @em@E TRTE SWeiR land 4600 7516 bRCPOLEA shirg 2mfxﬁron

\IIEVIXtah e de Ht'p'lf\’gedfg; IIFTbIPﬁ @3&@%{‘6%@@&1 8}?02]?90 minutes. The

i nCRngwg afid the pastidini e@dithen Riried O, The wafeds thEhfgmoved from the
ten rature 0 er,c t at about 350C.
The Se HQEI:Qﬁ”ga?n%@&ﬂsaqe??’gBA(Prﬁ?‘Sm R& reactor using

a I|qU|d dellvely system at a flowrate of about 5

t he. CPO b f.I own: a about -
c el s frtobfind grAmples, e gasmared prfired Sagodindiitite Blyemples
MT Oharein bélbre, thiPlasnemtis @pefated\in & pileedafiodabout 5000 scorn
and 02 at a flow rate of about 250 seem are adm xed
Wth the gas m xture of TMCTS and CPO in the reactor.
TheEm_L'LZon of the C02 and 02 mxture stabilizes the

Fr s 2yl B QYRS pL RN sl o L aRb A, bu

f r elGaplasye iRPp@SwEn 2oplseksoede, FROvidyaduly iplppf daut % ande.
aﬁﬁs%a»onm dﬁaﬁ&u@kﬁfﬁ"é‘é td dtloti? ﬁmgs%é tAﬁ’efx‘ rén?;vﬂ@fﬁi%r\ﬁ?&‘ from

fer at eac tation wt movi n
t herep@sit1 Ostha waighwitl m#epamﬁﬂ dbmds Wwduaﬁd@mba@ in %@ple 5.

wafer is rermved

Example§
In this example, & reactor including 6 deposition stations is used. The temperature of the

wafer chuck is set at aboui 350°C., The TMCTS precursor is carried into the reactor
using a liquid delivery system at & flow rate of about 5 ml/min, the CPO bemg flownata

* rate of about 250 scem 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 scem are admixed
with the gas mixture of TMCTS and CPO in the reactor. The addition of the CO; and O
mixture stabilizes the plasma and improves the film uniformity. A total high frequency
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fromthe reactor after passing the | ast deposition
station, and the wafer may further be optionally
anneal ed as particularly described in Exanple 5
hereitiabove. A rapid thermal annealing (" RTA")
process may al so be used to stabilize ultral owk
films. The filns obtained according to the presort

i nvention, are characterized by dielectric constants
k I ess than about 2.8, and are thernmally stable for

int gg @er,wr abotit 800 W%&améaﬁenbﬁﬁﬁgwe of 6boaE50 W'ade ppliedto

i nterconnect structure 1S N processe

rrﬁ]@mptm Eheitralgy-k Hlra depgeitiorgo perfommed enethe wafiwent eash siation with
pf e Hgﬂ%ﬁ%t&ﬂe ﬁ&% t&%raﬁ&% ?esgr%e%ﬁt%n)aﬁ’ 1]%@ kB rdnfbved

pro ucr ng evel _
di efromtie rpastor afierprssingdhe last deposition steblonyand Beveser ngy further be

1 boBAE SRk PRNLIER an i R AR BhRREL Y O

have therefore been thoroughly denonstrated in the

e R L e

of filnes. Bhefilmsmbiamed sdcotdirigio the pRh‘ﬁhV\iﬂvMoE,l af chedctériZod By e

o SborE Etndls kot b oA fod B Bfal§ o> 82 redghBbn ina

el ebdck-omi-of-teline @BEOIN)i ihtercorimect pnmc;twhirrh\remdiy pracessed at

bee iy holtS ne it shoul d

ncrEEaSes PR O taR it T RelBH ety oy e

i n be aasityadaptef m\pmddgng)ﬁ!nWesmtralptel al intedevekdieledids indfack-end-
r present invention

has t:) ug)e|rr]jar1cr"'tjér cu g %ﬁgm%blg%g&%gscrr bed wi t-h

respect to a preferred enbodi nent and several

al tgyf em% Fag%)ggé ctn%rtes foﬁnetd%c%?qanft@%e‘eﬁés?%%&&g%we

t hos I ea

t ealbpreforpsbesnmthotonghly dmcslstrdéfrden thapbave idesssiptishs ervdn the eppended
LPV&%%Q%F&%E%% e bR gy Mg PR Dkl RO
f or styugiiyep shown gy Figuien -9 e meyely, peed taaillustratethesinyentivg methad; that

CONgh 8B hpplibd ﬁ‘tﬁ@ﬁ&‘idaﬁbﬁkﬁ‘coﬁdﬂ&s%ie@tﬂfm&ﬂmc&r oviding a
pl asma enhanced chenical . vapor deposition ( PECVD)

reactor; positioning a substrat e in said PECVD
I eaWhidé the present invention has been described in an'iltustrative manner, it should be '

understood that the terminology used is intended to be in a nature of words of description -

rather than of limitation.

Furthetrnore, while the present invention has been particularly shown and deseribed with
respect to a preféxred embodiment and several alternate embodiments, it is to be
appreciated that those skilled in the art may readily apply these teé.chings to other

possible variations of the present invention without departing from the spirit and scope of
the present invention. -
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flowng a first precursor gas conprising cyclic;

si | oxane nol ecules into said PECVD reactor; -flow ng

at | east a second precursor gas conprising organic

nol ecul es with ring structures-28having C, H and 0O

atonms into said PECVD reactor; and depositing a film

conprising Si, C, 0 and Hand a multiplicity of

n&deWMEr - si zed pores on said substrate. 2. The

met hod according to claim1, further conprising the

step of: mxing said first precursor gas wth an

| neAtmethod ferfalyacatinga thenaaligesthisld ubrabow dietegtricoconktantnfilin comprising
erein said PECVD reactor is of a parallel plate

\A{Elﬂfes tor. 4. The nmethod according to claiml1,

V\@%\ﬁ‘dlﬂg 2P fdnfal énﬁ!uio%d ORrhiRRYA)abdir d’é%@&lﬁgn EEEYD) reagior:
depositron at a tenperature not |ess than about 0’

f ppsitieningasubanéuin seid BEG\Arneactd: The net hod accor di ng

t il e i C. 3
SRSl by HAES] B3y heghotlibei i ey
ammtaﬂjngto claiml1, V\hereln saldfilmhasa

| ectri.c gonst ant _of not nore than about 2.

WiRg #JEPSh EE0BT REPCHSCLEiCRMPTISiRR QFaanie TalefElpd v g structues

ahdwﬁge;ctﬂ arfed O QfaisAfto dalll PECRNGSactdrt & about 1.5 to
about 2. 8. The nmet hod according to claim 1, wherein

s éie@psntmgﬂ Blonpemprising Sip6 Qeasd Hawela msliipligity pbuanontter-sized pores
a t of Si; between about 5 and about 45
%ﬁ:gnh@sgggrt%gé;t of C; between 0 and about 50 atomc
percent of 0; and -26 between about 10 and about 55

at,onj c_per cent h thoda n o claim
oo eREb S aRinsihe b gim & ErBE SR Bredhdiagoh

padigink 8hiddiral Bedueas gad witAvih Elﬁ:xt&ﬁrﬁdr%&s of a substrate
chuck between about 300 cn?2 and about 700 cnn, and a

gap between the substrate and a top el ectrode between

aBowhe hefitd %@er@ﬁlg% cl%gn ¢ Myhekbin sTAPHETEYD ancfd?ﬁs of a parallel plate

fabricating a thefmally stable ultralow dielectric
c &ypstraaetorf i | m

4. 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.

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

more than about 2.8.

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

more than about 2.3.

7. The method according to claim 1, wherein said film has a dielectric constant in a range
from about 1.5 to about 2.5.

8. The method according 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



according to claim3, said nethod further conprising

the step of. applying a RF power to an el ectrode of

said parallel plate PECVD reactor. 11. The net hod
according to claim1, further @@maprising a step of.,

heat treating said filmat a tenperature not higher

than about 300 C for a first tine period and heat

t petteen gbaill and pheud 55 gtandigpeicentwfdl.not | ower t han

about 300 C for a second tine period, said second

time period being longer than said first tinme period.

12. Thdmmethod hbaddiag coeldinn y, fucthal caimpridinguhestep of: sai d

second tine ri.od is at |least aboyt ten tines that

o Pregafine p Prielloknlghs e aving a0 PR rayateAbUER brtHgen ghout 300
CbaP Bhd aboi F0@EM”, 5al d g8 ?%t'w%eﬁ tHeQuBdHAtd Ad%AoB ele@fodd Bétveen

the group consisting o
té??%ﬁéﬁh%%@l@llbl(éﬁmay | oxane and

oct amet hyl cycl otetrasi | oxane. 14. The net hod accordi ng
to claim1, wherein said cyclic siloxane is
t ¢0rEranéthbd forlfaireatings & thexaaldy stdlie ulfhibowrdicheottic constant film

corepr BBt b et Bt seyeerid QG o ng

. ShpplGink laGBF b(f\ﬁér tb BR alebtréd UiTishidGRarHl el plag Pﬁ@‘@D rf'o:actor
wherein said ring structures that inpart significant

ring strain include rings of 3, 4, 7 or nore atons.

161, %%&ﬁ{)&‘%oﬁﬁ g:l{oddlzﬂﬂl \t ‘?ux‘fllle?'cgﬁlfmsﬁggrséb% sai d

organi ¢ nmol ecul es are cycl'opent ene

mhedt trdatimgsardifiing atta)temlpanaturanotvmgree thanshoat ¥0ER ﬁof a ﬁrst time period
d it thef rther t he S~ of : .
SRR LA il e PP T Rt e T B second tme
aperigd, Bzﬁd Second tiateqittiod BGingloretthar £aid Eiirdt itinge Feridtd. power
density at between about 0.05 WcnR2 and about 2.0

WcnR. 18. The nethod according to claim1, wherein
S8 RiBRES adBRRS tto' dMmt 1) %vl'fefélm:ﬁd‘ E&Bﬁ& tmﬁ%ﬁﬁ%r;stea\stl\geeaﬁt about ten

setting flow rates for sai'd cyclic siloxane at

abegs thet ekbserd Bastitimppetiodt000 sccm 19. The net hod

according to claim 18, wherein said flow rates for

said cyclic siloxane are at between about 25 scem and

abd Uthe20@hetaeprday to‘bﬂuénuﬂemmbimsai@ cytiliogiloxaneligsatecied from the

V\'gro{ls Icgnssl’s%ng of tgP ram th}ql 9c ote rhd gnae a%d%cla%eftlyylcyc?otetrasﬂoxane

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

tetramethylcyclotetrasiloxane.

15. 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.

16. The method according to claim 1, wherein said organic molecules are cyclopentene

oxide,

17. The method according to claim 1, wherein said step of depositing the film further
comprises the steps of:

setting a temperature for said substrate at between about 25 °C and about 400 °C; and



setting flow rates said for said organic nol ecul es at
bet ween about 5 sccm and about 1000 sccm 21. The
met hod claim 20, wherein said flowrates for said
organi ¢ nol ecul es are at betwsgn about 25 sccm and
about 200 sccm 22. The method according to claim1,
wherein said step of depositing said fi I m further
csetping sk pavetridiensjtyzat petessn abouk 6058 an’PEGMBoteaE Wom?.
at between about 50 mTorr and about 5000 niforr. 23.
The nethod according to claim?22, wherein said
pri8sThe Mefhot ab@rdinPECMBIN @aﬁlﬁ@élnlsﬁld septomieposaipthe HRE further
nmrorr and about 3000 mfTorr. 24. The net hod accordl ng
t GOBPHPGH 1, vvher ein said step of depositing said film
f WEdiR rﬂow%fé@ fy%ﬁé El?&gnéatfﬂe%eﬁ ggutrﬂc'cﬂl 21‘}1d about 1000 scem.
organtrc nol ecu es of cycl opentene oxide to
si | oxane of t et ramet hyl cycl ot et rasil oxane to between

£ A8 PRl SRRk s i Py e FRAIES e farspid qyeic siloxane are

ccamsétaeén ébdumZS see0ardl Adguf Z00camm 24, wherein said
flowrate ratio of said cyclopentene oxide to said

tetramet hyl cycl otetrasil oxane is between about 0.2

a i -1 ]
200, ROk 19T 08 SIS LR AR i
papmptisds: pl at e pl asma enhanced chenical vapor

B a0 AR e L RSBy G st 1000
ceedm.nuous node. 28. The nethod according to claiml,

wherein plasma in said PECVD reactor is run in a
pul sed node. 29. The nethod according to claim9,

wma I 'Bhdmathel SRes 20 nwhé}@m%ﬁi%aﬂd?bf ra¥éi B SDSHhA en&sumés are at
éea factor , chan e RF power by a factor, X
3

tWPﬁ%ah%ttﬁééc%%ﬁl%P%w(bS(@nhl m 9, wherein a change
in the area of the substrate chuck by a factor, Y,
and a change in the gap between a gas distri buti on
pRat Bheamethothecowudisg toatlaim Liwlokeibyaid sfepotf deposiingahminfjesfurther
gas {)Igw rates by a factor, YZ, such that residence
t’

setting a pressure for said PECVD reactor at between about 50 mTorr and about 5000

mTorr,

23. The method according to claim 22, wherein said pressure for said PECVD reactor is

between about 100 mTorr and about 3000 mTorr.

24. 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.
25. The method for fabricating a thermally stable ultralow dielectric constant film
according to claim 24, wherein said flow rate ratio of said cyclopentene oxide to said

tetramethylcyclotetrasiloxane is between about 0.2 and about 0.4,

26, The method according to claim 1, said method further comprising:



plasma i s maintained. 31. The nethod according to
cl aim 18, wherein when said PECVD reactor includes a
plurality of depositions stations then the flow rates
of said cyclic siloxane are nulag.plied by a total
nunber of deposition stations in said PECVD reactor.
32. A method for fabricating a thermally stable
ulpreadiogalparallehpleempasnsi enbanded cheneipal vapor depositiod ichanber.
paral l el plate type plasma enhanced chem cal vapor
deposition (PECVD) reactor; positioning a
pRE: Phomethod deoadiap toelaitn $ubkdréiatpasaiaus kail PEHOVD 88ctor is run in a
ar ea.betweela about 300 c¢n? and about 700 cn? and
nEPREHIOHS A99% gap between said wafer and a top
el ectrode between about 1 cm and about 10 cm fl ow ng
a first precursor gas conprising cyclic siloxane
m3Bethg wsthod necosding telaivDl, whsseih plasmblinmeaid EEIVID eastor & run in a
S n r.ecursor gas conprising organic nolecules with
r?ﬁfg%e‘g@%'tures having C, H and O atons; and
depositing an ultralowk filmon said wafer. 33. A

d for fabricating a thermally stable ultral ow k
PEP#P Reompthpd F‘?&j’r‘flﬂé ‘%"Eqé‘ﬁé%’f’l?mlb A&hrgery the 9582 af said substrate chuck
PbgaFadtyD X, Bhae® ﬁg;,,gé} LigAlg vapor deposition
(PECVD) reg%tor;t}?ggapositbﬁglﬁ?%tgeg( wat er on a
substrate chuck having an area between about 300 cn®

R TR DTN W

abpatfacdt@r, ¥yund h ohvingg in glbtgals aétdzeke)le aghmist@l‘b&ﬁcaﬁﬁliag: anadfld substrate
kept .at a.te rature between outr 25 C an about L
2By £ R g g RO TS o lagiop oue 18l skl dgge time in
I plaemb &y memmigddout 5 sccm and about 1000 sccm and a
second precursor gas of organic nolecules at a flow

rate between about 5 sccm and about 1000 sccm while

k H 3 i ¥-1] A
8 EPrHIn&thed 5&%&5118%{0&%151% 8, R&ﬁ%&hﬂvh%éa‘f‘@?ﬁcl\ﬁ%ﬁé&?&wlud% a

mrorr and about 5000 miorr; positing an u
f pluraligy o d¢nesitienestatiogdhength®Fopowes ofimidbcyc)ic sdoxune nre multiplied

a9§’ Yot RiRnb eyvof; ngo‘gl{ﬁ%n aslg?lgxtls i%'sgid\y% ;reaacpocrl.

32. A method for fabricating a thermally stable ultralow-k film comprising the steps of:
providing parallel plate type plasma enhanced chemical vapor deposition (PECVD)
reactor;

positioning a pre-processed wafer on a substrate chuck having an area between about 300
cm” and about 700 cm? and maintaining a gap between said wafer and a top electrode
between about 1 cm and about 10 cm; _

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; and

depositing an ultralow-k film on said wafer.

33. A method for fabricating a thermally stable ultralow-k film comprising the steps of:
providing a parallel plate type plasma enhanced chemical vapor deposition (PECVD)

reactor,
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annealing said ultralow-k film at a temperature not less than about 300 °C for at least
about 0.25 hour.

34. A method for fabricating a thermally stable ultralow-k film comprising the steps of:
providing a parallel plate type plasma enhanced chemical vapor deposition (PECVD)
reactor;

positioning a wafer on a substrate chuck having an area between about 500 cm? and about
600 cm?, and maintaining a gap between the wafer and a top electrode between about 1
cm and about 7 ¢m;

flowing a precursor gas of a cyclic siloxane into said reactor over said wafer kept at a
temperature between about 60 °C and about 200 °C at a flow rate between about 25 sccm
and about 200 sccm and a second precursor of organic molecules at a flow rate between
about 10 sccm and about 120 sccm while keeping a pressure in said reactor between about
100 mTorr and about 3000 mTorr;

depositing an ultralow-k film on said wafer. under a RF power density between about 0.25
W/cm? and about 0.8 W/cm? ; and

annealing said ultralow-k film at a temperature not less than about 300 °C for at least
about 0.25 hour.



