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ULTRA LON K (ULK) Sﬂmﬂ‘m&ﬂl@ﬂw METHOD DESCRI PTI ON
Rel at ed Application the Invention The
present invention generdfi$*relates to ultra | ow
dielectric constant (k) films, nethods of fabricating
such filnms and to el ectronic devices cont aj
films. More particularly, the present i n\?’m"’mwmmm"”m
relates to multiphase, ultra low k filns for ugg,as an
15 intralevel or interlevel dielectric film a cap

material, or har d lish stop in a_ ULSI
“Sback- end- of - t ﬁ@ﬁ%‘%émm@ é}p% M, ANI METHOD

el ectronic structures containing the filns and

met hods of fabricating sucPESCRIETEON structures.

Background of the Inventi ti nuous

shrinking in di nensions og gﬁeé%p}g%}u‘éggevi ces utilized

in ULSI (ultra large scale.integrated) circuits in

recent years has resulted,in i.ncreasing the resistance
1065t the BEOL netallizati gzﬁelagfgbglm"eé‘gogncreasi ng tHe

capaci tance of the intralayer. and interlayer

dielectric material. This conbined effect, in turn,
i ndhe azesentdnvgrtion graerily relates tolise lasy disleciisicondanti(ldeiims, methods

In ' it chi r _

| DoEBRER AP AGAEE SUAAR SRR i e

i npartiatlarlg, theyprepet iriventicarrelates hommltiphhde, Witailgwkifilma foruge as an
15 a0 e P el S R ki s

| NBASR badlSerdiRyfLthe-line [SBE@L)Jﬁirﬁfg str@8trd, BRBrdhi@stRichires containing the

needed. Unl ess ot herwise noted, all k values

e Ay erdmethodsof fehricaling sugh Silms and $RCB¥SS. neasur ed

relative to a vacuum 30

Background of the Invention

20 ' _
The continuous shrinking in dimensions of eléctronic devices utilized in ULSI (ultra
large scale integrated) circuits in recent years has resulted in increasing the resistance of
the BEOL metallization as well as increasing the capacitance of the intralayer and
'interlayer dielectric material. This combined eﬂ'ect,..in turn, increases signal delay in

25 . ULSI electronic devices. In order to improve the switching performance of future ULSI
circuits, low dielectric constant (k) insulators and particularly those with k significantly
lower than that of silicon dioxidé are needed to reduce the capacitance. Specifically, low
k insulators having a k vﬁlue of less than 4.0 are needed. Unless otherwise noted, all k
values mentioned in the present applicaﬁon are measured relative to a vacuum.,
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value of 2.0. However, these dielectric materials are
general |y not thernally stabl e when exposed to

t enperatures above 300C-' 350C whi ch renders them

usel ess during integration of 5 these dielectrics in
ULSI chips which require a thermal stability of at

| east 400C. Typical prior art low k material s that

have been considered for application in ULSI devices

i npktasle, @ OB hatdriabis pobtdtaifinomethylae (RBIB), wites busug ¢f 2.0.

ﬁgéjlw%ég%@ﬁ%o ' @f:z;gg Png?%ab%%ﬁp@&%é@&:ﬁmaqyﬁab&aﬁyeg exposed to

P} eéz dHove %&T@S@@%ﬂﬁch FoR8&s Hﬂnﬁuéémdﬁrﬁ%dnﬁegaﬁon of

pape roperties of new |ow dielectric constant spin-
onthesel didectricsdnd & $abipd vdiah requird a-therma} stabilisy riat 1%"’?* 400°C.
al ., published in Mat. Res. Soc. Synp. Proc., vol.

476 (1997) p25 appear to satisfy the thernal st'abi lity

r epliéa BEOE art RMER matdialighat Savebeah coimbdeeed vt epplmhﬁ;on in ULSI
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shg%ngrrﬁ &g&ﬁqm #8d SRiePofYaniband ymers. For

rnore rsor materials are high cost and
prinbtatiiet, maateﬁais deacabq:dmn arapes "BrangtitssiobRew 1qv digleptrigpnstant spin-

to this 1 of B
Uﬁ‘g} sdu&cm A0 age%élfﬁlc%lgs let %f ngir%{ api)uf?l&sg%/%ﬁ dMQ{I Res. Soc. Symp.
% thﬂEBb ga?l :tws ?199';3) p%lapp?pw sads!iyahe ﬂ:lextmal stability fequizgmenp,geven

e abili 0 ri e a |lowk, m a
st b e

ﬁ&ae&’fo? Yt éfn inBd Akdr@nadt dtradtadel vieh €ilins a@gfejatd by a spin-on
equl pnent._ w thus sinplify its |ntg‘g{‘at|on

rreteoliriques FRHerTon Srequeqn BTt a?$ﬁﬁdef8§{*’rhvgrfar use in
Cr%ﬁ&; é@ﬁ §%25ﬁ§#§t0% ost bf e fﬂﬁicﬁﬁ&nh@ﬁs of VLSI and ULSI

963 escrl be a low dielectric .
c oﬁﬁpsam camicd oitby pemsi ehanmgd chengical oz physieal yaner depasion
25 hﬁt\ﬁ a dielectric constant not nore than 3.6 and
ibits very low crack propagation velocities.
30 2 :

The ability to fabricate a low-k material by a plasma enhanced chemical vapor
deposition (PECVD) technique using'preﬁously installed and available processing
equipment will thus simplify its integration in the manufacturing process, reduce
manufacturing cost, and create less hazardous waste. U.S. Patent Nos. 6,147,009 and
6,497,963 describe a 1ow dielectric constant material consisting of Si, C, O and H atoms
having a dielectric constant not more than 3.6 and which exhibits very low crack

propagation velocities.



WD 2004/ 083495 PCTI US2004/ 008195 dielectric materi al
w0 Sdlogaesi sts of a matrix conposed of Si, C fcpasovloosios
atons, a phase conposed nainly of C and H and havi ng
a dielectric constant of not nore than 3.2. 5 Utra
low k filnms having a dielectric constant of |ess than
2.7 (and preferably less than 2.3) are also known in
the art. A major problemw th prior art ultra |low k
films is that when integrating such filnms in ULS
devices, the integrated filns exhibit poor mnechani cal
St Igeiric mERAST Bht bnsists bf %‘niﬁ&iﬂ demipobdiofSaME, @al(ijﬁ"lvim !ﬁ%orllns, a phase

| oner elastic nodulus and hardness as conpare
f i compesed mainly of Gend & anddhavingiardigledtsic conptapt ofinot Gaorerthan 3.2.
vi ew of the above drawbacks with prior art ultra |ow k
films, there exists a need for devel opi ng PECVD

5 pr Qnes ek fillad haaiy Pdieldbigie cohstand of 1% thard 2 17Bnd piaferably less than
exhi bit inproved _nechanpical properties, such as .
i MR PRI kpowndn tasnt |/ mgig PRRbLR 3dt& pripr arsylradpy kdilms is that
th j ' d j f t
| ey Al b, Bl TR UR hEpatR TR SabEpos
( knethaninahstvéngth. (Gapersllycultra bovek fidmahaveaf myaht lower eastib amodulus

2.7 ich al so _exhihits. | nproved nechani cal
or SRk o B R o K S BB Bty 275
10 hardness. 20 It is another object of the present

i nvention to_provi de PECYD nethods for fabricating
t hE YIpY (of thegihoke ‘FrlaWE%CkéfWIihtﬁ‘%?’éé‘iTﬂloWﬂi/@mSi thgre exists agneed for

a fileidpflz BRUEDprétesdel &a?éﬁxﬁﬁ&iucle OMRNbWANAILR Rt Qﬁﬂéitgﬁ iffiproved

nmet hod for fabricating an ul'tra 25 low k filmt

- comprlianios] propé¢rtissssuch wpimppravedslastic sodulys pud hirdiess e

film wherein the first phase is conprised of Si, C

O and H, i.e., a hydrogenated oxidized silicon carbon,
15 or carbon doped oxi de, Subb@ardyiof the(Thesmtiehort h cal | ed

Si COH), and at | east a second phase that consists

essentially of C and H atons. The multiphase, ultra

| oWidkthbiekste @h objeér of hicgsredeht intatiioh t@Provideias RltFAlbW dielectric

conpri se ons of §, C, 0 and H has a stronger 3 95
cr:E)Fr)lstant (?() %}m having a %.{electnc constant of not more than 2.7 which also exhibits

improved mechanical properties such as improved elastic modulus and hardness.

20
Itis anothef object of the present invention to provide PECVD methods for fabricating
the ultra low k films of the present invention. '

It is a further object of the present invention to provide a method for fabricating an ultra

25  low k film that comprises at least two phases, i.e., a multiphase film, wherein the first
phase is comprised of Si, C, O and H, i.e., a hydrogenated oxidized silicon carbon, or
carbon doped oxide, CDO film (henceforth called SiCOH), and at least a second phase
that consists essentially of C and H atoms. The multiphase, ultra low k film of the

present invention, which mainly comprises atoms of Si, C, O and H, has a stronger



. .
iu""

15
~films. | east one of the Iayers of insulating materials is a
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" Ttis yet another object of the present invention to provide methods for fabricating a

- multxphasc ultra low k film for use in electromc structures as an intralevel or mterlevel

'V§ FEB 2005 skel eton conpared to the nultiphase

material disclosed in U S Patent /93,
6, 347,443 and 6,479,110 B2. It |safu ét/Q.ﬁBJ.Qﬁ
the present invention to prepare a nultqs ﬁse uItra

Lsresfqre

P':v‘g @éwﬂkhﬂ%g‘% ﬁ%ioﬂ?er out 0.5 to aboutg' 258 2005
nm i's yet anot her obj ect of the present -i nvention
to prepare a multiphase, ultra low. k film which has
a dielectric constant of 2.4 or less, an elastic

skelefmdﬂdtnb&e@fo 86 aiultiphase matirRPdisdlossd ih U 8. PdiNGS $,32D, 790 0ut.
rea{er whi ch. val ues are greater t han _

634%ﬁﬂ3§9¢ﬁ 791982 ow k filns. The elastic nodul us and
har dness are expressed in GPa and are neasured by

Itis arlaitﬂ@étdBjtaﬁaifiﬂwprés&?hmeﬁ?ﬂﬁtonhe&{mﬁpﬂaﬁbt L] nfw k filth that S
et anot ne ect of e Jrese I pvention tO prepare
con T bl oraodsyich 1 o QR0 o Bhovid-SaPeRiad) o

" nm. constant of 2 2 or less, an elastic nodulus of about 3

"or greater and 15 a hardness of about 0.3 or greater,.
whi ch val ues are greater than existing ultra | ow k-
It is ykt| dnBBher dbjeck 6f thé ptetenamo&xhaﬁ to prepdrd £iuRphLe ulf 1oW1Efim

resent I pvention OV|de nmet hods r fabricating
Whldlghﬂﬁmdﬁg Hieconstant of 3308l %o flpsticimpdyl uﬁa?%tpvtet orgregeg and

a hanmbsasmbcﬁ.nb 2196 BRtated) MBI chlalu¥éPRe EreaPRAT bdAP ult@dsH @7 - 20

et anot her, object of the present invention to
films. m HC mefvBtRRdtgrdnessarg SREFYSg CPp M gReswed by t r 2

nanmdeamllsnidchﬁqdeerweuscﬁowmmaheﬁtronl c structures as an.
i ntral evel- interlevel di€electric in a BEQL

I'nvent’
which énlaec thielyriric constant 0. 201 lpﬁcm@@namongu# ofypbes 3ak greater and

a hardh&§ utatohma ttpg;@&e.atvﬁmﬁ%am&tat@ﬁa&el mmextﬁkgaﬁycﬁtk

dielectrics 1nh a CL-wring structure |

Itis ydy qt&tg.%%;t%{tnnﬁe b Feng G ol gl S R0 lddSEw ik

mul ti phase, ultra low k film.of the present invention.
iti is stilllanother further object of the present invention to provxde methods for fnbncatmg

a nmltlphase, ultra low k film in a _parallel platc piasma enhanced chemlcal vapor o

deposstxon rcactor

"~ dielectric in a BEOL mterconnect structure.

It is still another further object of the present mvenhon to provade an electronic structure
: mcorporatmg layers of msulatmg malenals as intralevel or interlevel dtelcctncs ina
'BEOL wiring stmcture in whxch at least one of the layers of msulatmg materials i isa

'multlphase u]tra low k ﬁim of the present invention.
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wo R4ngMent i ve nul tiphase, ultra low k films apcTnus2004/008195

intralevel or interlevel dielectrics in a BEOL wiring
structure which contains at |east one dielectric cap

| ayer formed of different materials for use as a
reactive ion etching nmask, a polish stop or a 5

di ffusion barrier. These and ot her objects and

advant ages are achieved in the present invention by
utilizing a nmethod which includes one of the

f OlufHioH 138 18etsUTIR inVéftive MultiSiasd, uRHEIoR KSR intfifsvel or interlevel
conpri sing sil oxane nol ecul €s cont ai ni n% at | east '
r

t hidigdecgics ime BHs wirbig stuctueswhich nentaios grieastionsodielgetsic cap layer
o %{ﬂeﬁ'oﬁ g.iée'rén? ﬁ%?e?ia@o? ﬁéél et%% rgé)c@tgg If}ﬂrllllreg% r?xg : XSﬁh'sh stopora

groups t are - sensitive

5 acdiffidmndaridrt h t he present invention, a nultiphase,

ultra low k filmconprising atonms of Si, C, 0 and H
Is provided. The nmultiphase, ultra low k filmof the
Pr §56%Rtand bPOljbAadtBRIvanE Rl RCIdhl Vel B v%ﬁ’t?

2.7 or aIness, ar'{d nor e inpoétant{y,&f(ﬁerl?ié??hg%#% ebyuuhzmg :

pr e swathodiwhielninclydesrens of thsr fbﬂeﬁing@ilihmﬁi‘fmi at pc?pcfnetpr?susor gas
| L ; )
¢ ne bt iRkansifedies RISt st iy 20 bapass F  toastone

10 di pleewrbor gas compiisitiy siloabneméleciiled @msainiAfreattivit dréups that are
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nodul us of about 5 or greater and a hardness of about
0. Sengiiive iy ¢sheam radfghion. preferably, the mul ti phase, -

ultra low k dielectric filmof the present invention

hak dcotidedcRGHith e gfb@éﬁt #ienfidn, 4 nful@Phabé Hifira [8W 1eHRMS bdhprising
nodul us _of about or greater, 20 and a hardness: of

f r #AmaEbY, CoOpndH ifpsanided. Theauitiphase wltrader kfimeafghe present
hag,JBRRA KAk £ dieleéRcC@hbtint RO Jmega,aa;sla LAE g&.@é&aﬁﬂ , the film of
rally ecr eass

techni ques, and these properties gene
asthe peesent dhvention kasdmprvad mechanieat propertics. ITpagticular, the multiphase,

AP B A b P 8 DR PR ot
elndiﬁim Tndndssls(an d:lastic_rrlaodu_lussdf abmidcbgmat? aﬁdm{mﬂhés's Pﬂﬂﬁtﬁt 0.7 or

tr i S .prepar st.e of..
or5fter ort pefiziebly. B BRRE R B GEeSHeRlngt e mesen
I eiagérdion hpo$ dielebitict@ndard W2/ 2 l&@s, ot elddfic fRATUO6S about 3 or greater,
flowng a first precursor gas contajinjing _atons of Si,

C, and adgringss ofifepm pleout 83 ar greatar; dhe plgstiy medubis@end hardness are

AR R M A ot

i megreaspas the dielectric constant is decreased.

The multiphase, ultra low k film of the present invention may be fonhed utilizing one of
 the following three embodiments. In the first embodiment, the multiphase, ultra low k
film is prepared by the steps of: providing a plasma enhanced chemical vapor deposition
reactor; positionihg a substrate in the reactor; flowing a first precursor gas containing
atoms of Si, C, O and H into the reactor; flowing a second precursor gas comprising
mainly organic molecules containing atoms of C, H, and optionally O, F, and N into the

reactor; flowing a precursor gas comprising siloxane molecules containing at least three,
5



reactor; flow ng a precursor gas conprising sil oxane

woéaosd4es containing at |east three, 5 WO 2004C9R34693/008195

PCT/ US2004/ 008195 filmon the substrate. Optionally,

the deposited filmcan be heat treated at a

tenperature of not |less than 300C for a tine period

of at least 0.25 hour. The first enbodi nent of the

present invention may further include the step of

providing a parallel plate reactor 5 which has a

conductive area of a substrate chuck between about 300
CNRBIn2 Bl tHRRabEraf0 Opticndlly, the deposiadfilie tatinybeahieated at a temperature

substrate and a top el ectrode between about 0,1 cm apd
abefnot legs then 300°RHop afiele nesiod ghatileast ¢35 Apur @%%ﬁr%ﬁg?’%gment of

B 50 A U A P 195 Rl e
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| Nwhich Gaoncoralnttiei anendf, a subsirate tHuckbetween aliout 300 anf dad about 800
film can be prepared using a tho ich inglu

t hgs fR%E SER ?etww%s i%%“&%ﬂé&_ﬁ% @ﬁﬂf&#@ bEERR AR gﬁ-i_m and
VagRiit 10GROA RF powéSieppted th@Slbdst OY sT3hdlelsetRsdes. athe stlfbtrate may
the reactor; flowng a first precursor_gas containing :

at empossiongl on the powared elgctradeon gndhe gpundnd-electigds-ng a
second precursor gas conprising nmainly organic

nol ecul es containing atons of C, H and optionally F,

N Bketdndenibuidiméntcthe eadtiphase, iltovipwdk falupeandepsenaragasing a

conpri sing.nol.ecul es contai ni.ng reactive r s .t hat
o S B sS ECER A I HEBA HES R Sl epor
deppsiitibmebastofipobitiBAiag @ substtlateria the@éadtor] flowingm firligrecursor gas
substrate; and curing the deposited filmw th a-beam

r aefiniainigg atontpied Sh &g ﬁ@deﬂﬂi@l thearictst owwe 3se Precursor gas

in | of 3 i : i i d
Y Y oSl s i e 2, 2 Sty N
a ©uftettheaeacto flowingxoprseurensaas edseprisingunoleericsoontaining xeactive

800 ¢ and_a . b r . '
o1 Gepro R GaBe o EhRTalltn O REE rtiboRub R gutdptuse
poiiet 16v ki@l dnehle substaste; andstringithe defositbbfiln withiedwew. radiation.

Th b b It d.. h
o1 Do oo oo af (G Rtaeeo or o g QuE ofle e em of

| 3{?@%{@'& g(ai?%l_le‘l Rt e RAGNhich HEY Y écdBuctive@realofaispbiaas, chuck
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a | ow ielegctric filmis prepared by the steps

of bgtwesr aboni3 A g eadabe§8f e aef asre hft“«f;atp@ssubstratepand a top
?Sga‘lgé%otd'_e %Pﬁwoe\%mﬁ 6hR0:1 AP RAd AR el AUDPpEWrSs afplitd & at least one

ng a first precursor gas contai ni ng
of the electrodes. The substrate may be positioned on the powered electrode or on the

grounded electrode.

In a third embodiment of the present invention, the multiphase, ultra low k dielectric

film is prepared by the steps of providing a plasma enhanced chemical vapor deposition

reactor; positioning a substrate in the reactor; flowing a first precursor gas containing

atoms of Si, C, O and H into the reactor; flowing a precursor gas comprising molecules

containing reactive groups that are sensitive to e-beam radiation into the reactor;

depositing a multiphase, ultra low k film on the substrate; and curing the deposited film
6



atons of Si, C, 0 and Hinto the reactor; flowing a

wa0sbeseey gas conprising nol ecul es cont ai ni NBeT/US2004/008195

reactive groups that are sensitive to a-beamradiation
into the reactor; 30 depositing a nultiphase, uItra

low k filmon the substrate; and curing the deposited
film 6 WD 2004/ 083495 PCTI US2004/ 008195 incl ude the

step of -providing a parallel plate reactor which has a
conductive area of a substrate chuck between about

300 cn? and about 800 cn®, and a gap between the
subsdidattBe a88 oﬁxb@nﬂm@' aqya&ﬂreﬂﬂa&qfewmﬁmh%s abohd@iv8afa of a

about 10 cm power is applied to at | east one
of Sebpirate)chuek bmfgen abgut 300w raati @bcmxﬁ% empaw{ aigep between the

N LAt e —

5 rre applizdec atlbast end bthé elbsttodas éldiers&bvtratd’lﬁyy boprsitiined®bn the powered
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ure of es a ursor gas mxture is used
i n 81}(99‘3@ ‘fﬂ\‘/‘l&% mul ti phase, ultra low k

film In any of the three errbodi ment s descri bed above,

He, CO2 or a mxture of CO2 and 02 may be used in
coljivmeied that ipieaph offhe gireq mqunleems sontioned sbavedhe fimy pleeursor

ad et .a ot her

ot ATOL il drach BRF Bl 44 bR e i forping e

m inventive nlltipiaséjailtznidwdOA)m.may be errpl oyed as a

carrier gas. The present invention is further directed

to an electronic structure which has |ayers of

| NElHng toif Ik thifde @bibaliSncRfs defd, Iﬁﬁﬁh

di el egt rics in.a BEOL int erﬂgggﬁzﬂe Hgt(Fﬂa%:‘tﬁLAre eoﬁCOz and O; .
i EpY breused ip penjpction 34thious oftheprsueor eagses stay deaddéddirectly to
h

e Feacio o PRty e im0 7 R Eeddbar et bl 8D (or o miture
ccﬁfdiﬁ:@ﬂdrcoﬁmhﬁé’dlmnlwedasecmrgayer of insulating

material which includes a nmultiphase, ultra low k

materi-al of the present invention, the second |ayer of

i riEhel ;ftescngmmttﬁnllaﬁmhal diggcted to amélbm:‘dn;ﬁ: ﬁﬁiﬁh}??ﬁrhiﬁh‘has layers of
erial, the first

the first | | at
ré%%#v%fme%‘%ﬁ% Gy O?ét?r} %‘a‘??%%ep ik interspnnsat
Wi stidcfubewhich &Ichfd%ﬁlh Bre-stbed¥BddaemiARBucRing SERARte rtﬁ‘aﬁ'hgﬂ a Afst region

25 conductor being 1nelectrical conmunication

t 198 metalembeddaddn adirstdesen ofinsylatingompterislga firstegitdenf condugtor
t Rt i@V o éon!drlgﬂi' 8t ﬁ?@a&ﬁ@txﬁ{léeﬁél wiié] #8188 & Aitiphase, ultra low

i nventive nultiphds
k material of the present mventlon the second layer of insulating material being in

intimate contact with the first layer of insulating material, the first region of conductor
being in electrical communication with the first region of metal, and a second region of
conductor being in electrical communication with the first region of conductor and being
embedded in a third layer of insulating material including the inventive multiphase, ultra
low k film, the third layer of insulating material being in intimate contact with the |
second layer of insulating material.

The electronic structure may further include a dielectric cap layer situated in -between
7



low k film the third layer of insulating materi al

wS00a@s3qhs i Ntimate contact with the second | apefn82004/008195

insulating material. 30 The electronic structure may
further include a dielectric cap layer situated in

-between 7 WO 2004/ 083495 PCT/ US2004/ 008195 furt her
include a dielectric cap |layer situated in-between the
second |l ayer of insulating material and the third

| ayer of insulating material. The electronic structure

may further include a first dielectric cap | ayer

betfuftid} ihdl@deSEL iRtk Y lay6X situed iR i i
the 5 third Iazer of |1ﬁsa, | ati ng m?%tﬁ;?ngﬁ&@éd Y lasu.latmg

di anatenialiagd dlazer ofrinsulpding maltfft@l tTheretectronig strucmﬂre may further

S0 R B T S 0 ) i Bt o
5 si ithicblayerafiinsulating énatetial, ia6d 8 second dleldttdd ¢a§q%}(e§b%’of the third

ract net al S|I|con nitride wth the
reﬁ@@%?ﬁ@éﬂﬁgﬁﬁpmﬁg tlhg Ta, zr, H or W silicon
carbide, silicon carbo-oxide, carbon doped oxi des and
the|r hydrogenated or nitrided conpounds. The first
¢ Hiclegtréosan matenidl can bd selasted ﬁQIly silisomenidd) eﬂmeh ﬂmﬁdﬁj silicon

f
ff?’ﬁ?‘ﬁf‘gﬁzéﬁﬁg R TS TS S0 inytal 1 i with e

10 oxrefectory sietdl being Maf Z1, HE 0oW, 6idicesl catBide Sdilicdh cao-dxiRS Sarbon

materi,al s, su PSG or BPSG.. The el ect ronic
st FORed gride Fr&?/‘¥ %5?3’%@’:03?%&‘1&6 gitgjdadsequmponnds. Grhetfizptrand the second
| ajfielec@ic cap tdyRtAfhy b&se!@feﬁrfr'o% tHdRRAS g{’(ﬁg e?éctljicqgactgnals The

one of the second ‘and thi | ayer o
maﬁ-@F Jayer of fpulating apatesisl mambp gidicom exidepr smcazmmde m:ﬂmpﬂael varieties

| nau géte?%g&rlr%% er| { %&3@%@ ge cégﬁlg%g'l‘ %éﬂ?ypfﬂftp?ﬁnclude a

15 stdiffusigy barrignthryer Q:f agliele¢tri¢c matkiriaf d@lomtedhmrat least dnay€the®Bcond and

t f | d lish

| b ol B oS Bk Ed T AT SRR RRY AP metacee

f i disliect?io myee be &IprGhﬂeBoﬂﬂl&ﬁfhrﬁiBﬁiﬁﬁ]ﬁﬁhg ﬁlﬁteﬁhpﬂar {@yaﬁ la AR hard
théhﬁ ond I r of n;u ating _materia

f Hﬁﬁ%ﬂ é‘BP Per %ﬂ Flﬁ?tagﬂm barrgse 4ygy@mt0@r9fm|@dﬁcmcRIE

t heard iaSlt/pélislsest lﬁj'e@ PR éle%lﬁomc%&ﬁ&ufe%i?f furtﬂelsiﬁglgfféja ﬁ)fst

dielectric RIE hard mask/ polish -stop ["fayer on to

20 ¢ lelesirie RIBMmasésfpohplwpnhymgomp of thelsecoad dayar eﬁnsniattmg

25

d| r r.on to .

< el@%tgzg ara ﬁrs? erﬁ#ﬁ: S Héxgrg barﬂ%{ i T on.f?\(gof;tﬁgbﬁ? diglestric polish -

ststapclayerea semwgnd dielebizic RIEtht&iﬁask/pijheﬂl @edp'lhfer @8 Rop of the third layer
of insulating material, and a second dielectric diffusion barrier layer on top of the second

dielectric polish-stop layer. The electronic structure may further include a dielectric cap

layer of same materials as mentioned above between an interlevel dielectric of a
multiphase material and an intralevel dielectric of an ultra low k film of the present

invention.



25 layer of same materials as nentioned above between

wm()@/megsl evel dielectric of a nmultiphase mat ep¢BUST04008195

an intralevel dielectric of an ultra low k filmof the
present invention. 8 WD 2004/083495 PCT/ US2004/ 008195
These and ot her objects, features and advant ages of

the present invention will beconme apparent fromthe
foll owi ng detail ed description and the appended

drawings in which: 5 FIG [Ais an enlarged,
cross-sectional view of the present invention dual -

phase material. FIG 1B is a schematic representation

of the random coval ent structure of the first phase

10 Thesetand ofhep abigets,i featanes pushadyanthgasied the presest inwéntioR wall become

e BB e e s BASE5 wi

5cross-sectional view of the present invention parallel

10

15

pl hem c vapor 15 depqsition reactor. FIG 4 is
anﬁﬁl lgﬁéa,egiéf sCTesScsertinng) ViGY ofitherpresept inkention dual- phase
I N¢@aRkRPN el ectronic device having an intral evel
dielectric layer and an interlevel dielectric |ayer
fornmed of the nultiphase, ultralowk film 20 FIG 5

S r.ged. .cr -Sect | | _vi.ew of .the prese

| nE AR TP RSl G Gl RVt RE e firt phase
adef the presdnt thviehtic dwal-phiseingiteribil.el ectric cap | ayer

deposited on top of the nultiphase, ultra lowk film

of the present invention. 25 FIG 6 is an enl arged,

CI IS 256861 i ' i ' | ' i - -

el ectronic s%ﬁ%ﬁ?ﬁvs%fo h@l%éw gpﬁggféﬁégmg}%ggﬂ?ﬁ glr%?asle material.
RI E hard mask/ polish stop dielectric cap |ayer and a

254 ARt A VELP G b ERREH B v

crdgpesiiectenetomnl vi ew of the present invention

\

-electronic structure 30 of FIG 6 having additional

20

25

30

RI E hard mask/ polish stop dielectric |ayers deposited
orFIGo# is an enlarged, cross-sectional view of a present invention electronic device

having an intralevel dielectric layer and an interlevel dielectric layer formed of the
multiphase, ultra low k film,

FIG. 5 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 4 having an additional diffusion barrier dielectric cap layer deposited on top of
the multiphase, ultra low k film of the present invention.

FIG. 6 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 5 having an additional RIE hard mask/polish stop dielectric cap layer and a
dielectric cap diffusion barrier layer deposited on top of the polish-stop layer.

FIG. 7 is an enlarged, cross-sectional view of the present invention electronic structure
of FIG. 6 having additional RIE hard mask/polish stop dielectric layers deposited on top
9



9 WD 2004/ 083495 PCTI US2004/ 008195 Detail ed

wdamenszs on of the Invention 5 The present i npeMUSLIU04/008195

di scl oses a nultiphase, ultra low k filmthat has

i mproved el astic nodulus and hardness, and net hods
for fabricating such filns. The filns disclosed in the
preferred enbodi nent contain at | east two phases, in
which the first phase is a "host”™ nmatrix of a

hydr ogenat ed oxi di zed silicon carbon material (Si COH)
consisting of Si, C 0 and Hin a covalently bonded
networ k. The ot her phases of the nultiphase, |ow k
film10 of the invention consi st na|nl of C and H
atons. The mul ti phaPetailed Pessripion ¢f ﬂlPMﬂeﬁ‘é‘gﬂ furt her

.contain nol ecul ar scale pores or voids, i.e.,
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approximately 0.5 to 20 nanoneter in di aneter. )
ent infentivul cﬁécllhesszemulﬂpha& wiltrev1dov kifilmm thét Hakanproved elastic

present i nvent| on ric nstant. of .ngt ..
nomedyinyandheeine a-l?da mﬁ‘%@g%f?)ggq%yc?}qﬁg ﬁlfgl}éﬂ{l 3 disclosed in the

2. fresla ShBSfent GRth UPloRh nADPARes! irDihidh 8RBt ptafisks @ host

ness O rom about . or great er. Even nore
prmﬁmxaifla)hydmgdnawi qmthqt%hoom carben mealeriel (FiCAED£ensisting of Si, C,

ﬁi'{llﬂécﬁ%?’ tgfntt’ élg qé’Olg? rfg? é i ﬁ%ﬁ%‘%@wﬁ{%ﬁ%e low k film

]gf offtﬁ@ mvgﬁxmﬁlt codsis xﬂimlygff@ﬁxﬂrl}l] afghxsf 'Bhe?elgiphmyelua ilcunk ﬁlm may
et TR S R Bt PR 59 G ot

Pl giSfBie gnhanced chem c al vapor deposition reactor.
Referring nowto FIG 1A adual-phase mat eri al of the
present invention is shown in an enlarged

Cr O Pervar e ahpyasgglﬁf lEE[:EBf%Qg; 30l flos dWiBkctric

St a rogenat e B eq sPT i con
c acdistaniefiret inate t(clan Ay 247rum1emwﬂgn<8|m0r€tha@ abﬂ'ét 24, jap elgstic

ggﬁg{fl n l%qrb }qgrv\nr @zﬂ%ﬂé@%ﬁf ﬁorg'oa\ﬁlé ?tfﬁrg er. Ea'en more
B{n\égrlffblﬁ kdid ﬁimﬁ;mash‘ ulthdoxfl ikrfiitn lxhnla aslmlecmcsdmwtmt wfﬂét Bore than

1 ef erri now the so

" efut LA eliee a5 byt A oend » bediegs offpom gpput 08 or

H 2{-0fp - T@Br%sehﬁm@eﬂtﬁﬁ%@ﬁdﬁ aisverREds ,vafiQuilhéﬁnoMor fabricating a

fundanmental” repeating unit exjsts for
multiphase, ultra low k film using a parallel plate plasma enhanced chemic al vapor

I_)

deposition reactor.

Referring now to FIG. 1A, a dual-phase material of the present invention is shown in an
enlarged, cross-sectional view. The first phase 100 is a "host" matrix which is a
hydrogenated oxidized silicon carbon material (SiCOH) including Si, C,Oand Hina
covalently bonded network and has a dielectric constant of not more than 3.6. The
covalently bonded network structure of the first phase is shown in FIG. 1B.

Referring now to FIG. 1B, the solid lines represent covalent bonds between the Si, C, O
and H atoms. This is a random network, so that no fundamental repeating unit exists for
10
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the network are represented by "C' and are | abel ed

103. The silicon atons in the network arc represented

by the intersection of four lines and are | abel ed 104.

The oxygen atons, 102, |lie between 5 2 atons of

either Cor Si. Located within the first phase is the

second phase 105 of the present invention ultra low Kk

material. The second phase consists essentially of C

an I MbbR &Y orhd gl thi@twork are
%Pﬁoﬁ%fﬂ—% 5%:3 e@ag’f?@lﬁgﬂg&ng?e?hg?ze i.e., from

0 2p ie@enwl H}O'G'fand et lebeledh1 A3 Thesilicon arprms ubthametiwrlyarc represented

Egﬁf @g n{%%téc\al\o%ﬁg g? I‘ %J%ragld%;eslt Qﬁg%&f ﬁ'hg P%f‘g%ﬁ} gfﬂmqso 102, lie between

Rei BlofdsRPefir Cldpsi2, a tri-phase ultra low naterial of
t he present |nvent|on is shown in an enl arged,

cross-sectional view. The first phase 100 is a "host”

Sdcht ﬁ%ﬁ ultra I
T il e ) B QRERR L  ArSt i o
i Nk hategial dhe @etcbyd phasel eonsinst essentiaindf Gand Hgat@ms The multlphase

dielectrj nt of re th

o mtsnah b edes p gy B pfiet BErduisr S8, i from 0.5 0 20
Fl fanothBter M&h@l@r WI‘EJEdVaIeh(@y boérdsd netploticstructurt bths ﬁmb phiase, also
phase 105 of the present invention ultra |ow k

macadled e "host” matix 15 shawn JhBKs 1Bo7 of the present

invention ultra low k material. The second phase

consists 20 essentially of C and H atons and a
MuREfefirigtd FYG.C%, ajivphesenfltralavametesiakeof the present inventionigghown in an

0.5 to 200 nangneter d nt Srnatihve ;

0 e AP Rt o SR BL Bl 10D £l SRRV ANS s

p Eﬂ)ﬁﬁoée%te&ﬁﬁdhed s%bﬁﬁm’borﬂgawndr(smsmg v&ﬁm@,)o and Hina
t hat SCfI e S a | t.I on t I

D evalently Roder astwogs anyt s iplpetis Aufiog bt ot pE BTk 3.6, The

Wé&dcﬁﬁééﬁhms@ bh@e haf béehisBowmMssve u@mG AB. £ocettd within the first
the third phase consists of C and H.at

mupbispis sopons Poen offthgpreseangHeRtan Qi low ¥ afecislgad the third
gltg gg 16P 5ﬁﬁe ﬁndg trh Wk biEerAP I Eife deBoﬂdIﬂm@B@Jnswts

COﬁpOS ecli fi1 cal , the size of
p 0 bssentlaﬂy of € anll H atomh amdsa nsﬂttphem of Eormfmnomaﬁ%ﬁﬁ ., from

g %6 nanome%r in diameter.

In an alternative embodiment of the film of this invention, a third phase 107 may be
present as open regions (or voids) that may be described as a disruption of the random
network (FIG. 1B) of the first phase of the multiphase material of this invention.
Alternatively, the third phase consists of C and H atoms, and a multiplicity of pores of a
nanometer size. The size of the pores may be larger than the pores in the dual- phase

composition. Specifically, the size of the pores in the third phase is from 0.5 to 100

nanometer in diameter.

11



11 WO 2004/ 083495 PCT/ US2004/ 008195 having about 5 to

wsRhsxd6s atomi c percent Si; about 5 to about ﬂérluszo 4/008195

percent C, fromO to about 50 atomic percent O;

about 10 to about 55 atom c percent H 5 Mre
preferably, said filns have about 10 to about 20
atom c percent Si; about 20 to about 35 percent C
from15 to about 35 atomi c percent 0; and about 20 to
about 45 atomc percent H In an exanple film
produced according to the invention, the conposition
i's Q

ol SERBUETR S to MbyPRY EMie Decrt S5 ABPTp b BB € om0 o
1. EEomjﬂ.a@)Mgpan&ﬂ@r&ndabmde alsbutiS$ ﬁtngﬁﬁrceﬁSHSt at ed
above, the nultiphase, ultra low k filmof the present
invention may be formed wutilizing three different

5 envast pRIKrably, stid flgshave sboRi PO 498020 4t@&cgJe}Jeﬁt $i0%bdtit 20 to
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filmis 15 przgared b%)aqthe steps of. provi
pl 8lavh 3¢ neraert &d fomeh eaboyiaddotontismesient Q; and abemoao about 45

poét'o:ﬁ@?érg&tﬁ substrate in the reactor, flowng a
firs ecursor gas, or gas mxture cont ai ni ng atons

of Si, C 0and Hinto the reactor, flow ng a second

cur sor S CO r|3|n .main ani ¢ nol ecul es
oot a8 SRamgle et acediitaty '55%1‘4"8 fign, the cprmpgsitiomig 1§ atomic
| n;béicédﬁ 8i; rzeepefc@ﬁt,c ;T4Qi0briHe pRrdefit (‘)da.rﬂrsg%xﬁ g &@ﬁﬁ H, with a density

co |S|n2 S|onqne mol ecul es 20’ contai ni n

t he BRIy as supasurey usicg BBRds into the reactor

and dep03|t| ng an ultra low k filmon the substrate.

In the second enbodi ment, the ultra low k filmcan be

P répétﬂ@d abeyienthe anuimhamj ulthd loty k filncbfttle presdne uﬁ}bﬁ@@l 1y be formed

RN O TN T

f Imanqi by thee B{‘BPS ?ﬂ ﬁmfﬁﬂg a ﬁhﬁ?f) eitagtddi dhﬁmﬂkpﬁﬁi)d oPfepakitio n
reacl or (o) a_secon

TR BoSTURPR B iR da1op HOgTde it ASPReN 258, or gas

C Ghix@ird coliaiain® Won® ofSi, ¢} O aRPHARb RRhdtyr, ﬁowh%ad"éic&ld precursor
|ntothereactor rovmngathlrd precur sor

c P PPIPHYng BRI greanie selesiles aeptaisingtatores ofiG kb @nd bptionall y F, N

ar t he reactor

i PR ik ok ch N AL R Bttt B s 0 Pl it

t lventagung airlcaahﬂire@mmfegahih foutei e bomds ifitoltlis rehdtbr érdaRpo8iting an
r alll‘iitgra‘jjl fowolrgI ﬁln-lr QI? the suf;s(iirate

In the second embodiment, the ultra low k film can be prepared using a method which
includes the steps of: providing a plasma enhanced chemical vapor deposition reactor,
positioning a substrate in the reactor, flowing a first precursor gas containing atoms of
Si, C, O and H into the reactor, flowing a second precursor gas comprising mainly
organic molecules containing atoms of C, H, and optionally F, N and O into the reactor,
flowing a third precursor gas comprising molecules containing reactive groups that are
sensitive to e-beam radiation into the reactor, depositing an ultra low k film on the
substrate in the reactor and curing the deposited film with e-beam radiation. The third
12



12 WO 2004/ 083495 PCTI US2004/ 008195 In the third
weiaas3ent of the present invent ion, the ul tpg'mmmok/ooslgs
dielectric filmis prepared by the steps of providing
a pl asma enhanced chem cal vapor deposition reactor, 5
positioning a substrate in the reactor, flowng a
first precursor gas containing atons of Si, C, 0 and
Hinto the reactor, flowi ng a second precursor gas
conpri sing nol ecules containing reactive groups that
are sensitive to a-beamradiation into the reactor,
depositing an ultra low k filmon the substrate and
curing the deposited filmw th a-beam radiation. The
sedoitle third @mbedimegtasf therptesgnt thvient ot ¢het Wira tbvekidisthcirientilm is
8{ fpfﬁl?;ﬁ%ﬁ%e ¢ %ﬁ"ésg pgo et O&laggféleﬁﬁa(q%gcf ?tlr??n)é(ga %aporr deposition reactor,
5emyeitoBing & stbstlatecin McaSLdr, flowRBld fBt prEdHroR BRFoRRMMBE atoms of
the first precursor utilized may be sel ected from one
or SO aed Hdntodhe reacton flawieg %lsecp@%snecters@r@s efmgisinganolecules

I
aadoneiiod Kaie eitpSRAEEYIERI NI g BRplra Bl bl ito R rdfor,
pr alepositing dnsultaa kow lo fikmen dmrwbamm@dﬁumﬂhe@emmite&lﬂlm with e-beam
ato i cycli,c_sil oxanes .bei.n espe iall
0S¥l The Skihpt BrechoCEPERRIHRA HoaRES FBhodimeno the present
10Pr e6uehti6d fay be g kilGhane bi @maﬁﬁoﬁe@ bﬁg@hﬁdnéle&m ol ecul es
with ring structures such as 1, 3,5,

- tetranet hyl cycl ot etrasi | oxane (TI\/CTS or C 4H1604Si 4),

. ; . . LAy
£ erPIRIBep EXOpAL RIS DHAR intdrbll MonlieHia 484y, o irt procursor
d e@aﬁmdma)cbe:se@pmdtm brsxermeore Gicdeddl6 So Siagling at least atoms of Si, C,
L
he SR, PR BepTer T AaLes GroPE st by edded I e et prggursor
15 m Peaferablyhthafirsopreclirzoriga slgncane ccmtminng&, @ Coand/¥2 Btodis, with cyclic

or BB beie el oy of PO e bghfpReefeof it precursors

I e ehdle sil6inty Sl €k dofFon@ nlolgulies wYtﬂFﬂHgl s&a&u&h E@hlas Y,3,5,7-
within the reactor, or transported an inert

c atstiemethyleyclotrtsiloxape(TMETS or §ﬁ§w4swh gctamethylcygjotetrasiloxane
f h
Pl FOMCHSS, CPRACTR, eI oy R A OB o sor

20 ut deqmﬂlyﬂcryctopentasdosmea(ﬁ?mbfb@sc&d, umdmhmlumsﬂokanehe

§§7§m eﬂ%?ygg qti%lgg%%ﬁ%ﬁgﬁﬁulﬁg %né‘tﬁg]s 2 f“g’@ O%%om%g agent

p I ek O, vy dh0Ii0p Preconbdedhihateinclutiip i a® and e The Brecursor can be
si segon
H%lvered ectqy as a gas to the reactor, delivered as a liquid vaporized directly within

the reactor, or transported by an inert carrier gas such as helium or argon. The first

25  precursor gas may further contain elements such as nitrogen, fluorine or germanium,

The second precursor utilized in the first and second embodiments of the present
invention may be selected from one or more organic molecules containing C and H
atoms. Thus, the present invention contemplates instances where a single second
30  precursor, or a combination of two or more, preferably two different, second precursors
13
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woreiesabd y two different, second precursors  perN€2004/008195
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2004/ 083495 PCT/ US2004/ 008195 or organi c nol ecul es
contai ni ng such atons may be added to the precursor

m xture. The precursor can be delivered directly as a
gas to the reactor, delivered as a |liquid vaporized
directly within the reactor, or transported by an
inert carrier gas such as heliumor argon. 5 In one
enbodinent the second precursor is selected fromthe

ﬁl@é'%ﬁlécﬁleg gontfﬂﬁlhg GhdheSorié inby bé H&ieﬂ&di tl:{étpﬂéoﬁi:‘sor mixture. The
cont a%nl ng C and H atonms such as cyclic %grocar bons,

c y;u’ewwsculcam hodeljversdalireetlasregas to WGP@%Oraql medas 8 liquid vaporized

;);ﬁgﬁggy ﬁmbﬁ]ﬁ g?ac{??,l %‘%rg.ﬁ.%:‘gﬁgtg by %Pﬁl{%%}i&r% %Xsccé\fcﬁ as helium or argon.

hydrocarbons. Mre pre ferably, the 10 second
precursor nolecule is a nmulticgyclic.(or polyc cI| .
hykose srbefimeshihs s5PRsl BisaEIor 1 leateﬂ!%f ﬁ'&&% ising

W H lid b
e Mm%%m;ﬁ%ﬁ@% "

bl cnyjchd: alcahdls, cy]:lhetpihqs,:gzygm ldediydys, c yj@m?q, gyfdic esters. phenols,

g%ﬁg%?,g&e% bah\lscﬁ' gk o) Y%nr.v.g% )Eéa %h%r:arbonsk r%\gore pre. ferably, the
b' @M@d&ﬁr@cﬁs&hﬁtﬂ&ﬁﬁn@hmtﬂﬁmnc @tqnsblcydxca tipdrocarbon contammg about

| of 3. 0
i b i JUIR BB RIA R 25 S5t s P GEed pramples
R?Eﬁh& 4. 5510?%%&? eneRlsé Bﬁoﬁv@sdﬁ@%&ﬂ 2aéptalEs |-dl13®), norbomylene

ernatively, cyclic hydrocarbons ™ containing fr

t Q2 i—modwnwmnat(dmlﬂ(oc‘ms(bwnloe[ﬁ@ 1Taspta-SA cHSAR), ncah@ﬂme(also

coPhei ki e S AR BTS2 Lo
anmhcyﬂh[e 2 2 Rppnaey cinmesiedng lysroaarkens guchas apirgi3 4astane,

ot e sl pidiSafoae ffe, Kol Bfdtietdrocarbons
Esqedimihf Yroub$ 012 caiion akqpec(cedlopmiing) cyctmge:ians,eajldrther@se,) and also

at | east one _ of whjch contain er

o ey B 10 B DiEbsydpone, wylencs, and
S Uk §RLFmEY ﬁe\%\ ﬁ(ﬁﬁﬂy, O BEF bidthsandy H&oﬁfa@d%%@nﬁdl&ﬁﬂes, or

i nparts’ signi |can ring strain, nanely rings of 3 or

4 mbleaelesorgitingsuch asomsgsided ta haBreceses MGy | v

attractive, are nenbers of a class of compounds known

as oxabi cycli cs. Among the readily availabl e exanples

of Eépeetally usefel, bre species containing fused rings, at least one of which contains a

heteroatom, preferentially oxygen. Of these species, the most suitable are those that
inélude a ring of a size that imparts significant ring strain, namely rings of 3 or 4 atoms
and/or 7 or more atoms. Particularly attractive, are members of a class of compounds
known as oxabicyclics. Among the readily available examples of these, are 6- '
‘oxabicyclo[3.1.0]hexane or cyclopentene oxide (bp= 102°C at 760 mm Hg);
7-oxabicyclo[4.1.0]heptane or cyclohexene oxide (bp = 129°C at 760 mm Hg);
9-oxabicyclo[6.1.0Inonane or cy clooctene oxide (bp = 55°C at 5 mm Hg); and
7-oxabicyclo[2.2.1]heptane or 1,4-epoxycyclohexane (bp = 115°C at 713 mm Hg). One
14
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cycl ohexene oxi de (bp =129C at 760 mm Hg) ;

9- oxabi cycl o[ 6. 1. 0] nonane or cycl ooctene oxide (bp =
55C at 5 nm Hg); and 30 7-oxabicyclo[2.2. 1] heptane or
1, 4- epoxycycl ohexane (bp =119C at 713 mm Hg). One 14
WO 2004/ 083495 PCT/ US2004/ 008195 present invention is
cycl opentene oxide (CPO. In the first enbodi nent of
the present invention, the nmethod includes a third

pr Gééﬁﬁﬁ{'exﬁlom?c}%ldﬁeﬁt‘éﬁé&u&ﬂ@mf whi ch conpri ses
si'l oxane nol ecul’es contai ning at |east three,

preferably 4, Si-O bonds. Th| S precursor enpl oyed in

55 RS el PSR R SR froror

akpmixturé %&ﬁ&ﬂﬂcmmﬂnlxex smloadmepn@ietuﬂmnfallmn@ atdéast three,

tetra I -0, bonding to the resul i ant .

b5 ot A S il € b enpotpent or e
bdfeRtvédtiohRadd 4 é, §mdll SR eiatieh [oncthe dfdet bffr¢ih %B@.M) 1 to about

| ventl on nay include a siloxane selected fro
t et0%ahwef ph e thigh prepusaerdlov) plgphedral 5i-O bonding to the resultant

tetr %Pﬁsﬁ'e"?% hosk i I'rﬁanz'f'l?e thil§ urs&‘ 15 txPﬂi%Yﬁ’s‘J éMlfodiment of

alf* XySl vinyl trinmet ane
al thy bﬁelsdznt fiventied ﬂnayr incluydh amsilotane mm@komaﬂamqlnbdorthosxhcate

RN LT R OERAE S T

“ﬁﬂylﬁ'ﬁnetﬁ&{ysﬁéi@”ﬂ gememoxyma pnaryrtﬁwaxyrsam adhe
precursor can l'ivered d| rect as to the

P heabimetbenstense THes GOV OAPTepp AT BRIy pRenys containing 2
W 4 Biilleatd dﬁo@%ﬁ&f’ﬁs’, Ed?rexﬁxﬁrflg Stﬁ@ih?lﬁﬂnélﬂm@@lldﬂée rI‘he precursor can be

carrier g or argon. Thé second and
t rﬂememﬂuenﬂmtagae fo thy @quroeﬁh’rerth gemliquid vaposizeddifgedly within

co angﬁ‘)ﬁgor%ﬁeog gtf’ ggﬁlﬁgﬁcont aé%%gégﬁlgﬁg?rﬁ%og t hat

are 20 sensitive to e-beamradiation, typically these

are unsatur rocar.bo rou t ai_ni D ~

hgesiond sed B ALEERRT o BERE-aR a RGPl B Bt of s precursor
or Iﬁﬁxﬁf@ﬁﬁfeﬁpéonﬂfﬁ%mgbﬂolemﬁdsk'ﬁm @l’jﬁtam&eicﬁxlvél grogpsihat are

unsat ur at ed hydrocar bon gr ou or dﬁr

b| sensitive irrabeanvradintie, tipirallyifhese %ﬁﬂl@i ydrqgarben geoups
&gmﬁg Ettle@s'i § @@%ﬁ?l'evtﬁpfe%oﬁd BeadsakdtAdd ﬁ&!’g The precursor may

t are not vinyl, ally %
aclm ysilomane qninigisg amnusatviated fydgocarbon group, or i may ea blfunctlonal

organic molecule. Examples of reactive groups that are sensitive to e-beam radiation

include, but are not limited to: vinyl, allyl, phenyl, acetylenic groups, and mixtures
thereof. Illustrative examples of precursor gases comprising siloxane molecules that
contain e-beam sensitive reactive groups include: vinyltrimethoxysilane,
allyltrieoxysilane, allyltrimethoxysilane, phenyltriethoxysilane, phenyltrimethoxysilane,
and related siloxanes containing unsaturated hydrocarbon groups, including but not
Jimited to vinyl, allyl, phenyl, and acetylenic groups. Illustrative examples of precursor
gases comprising bifunctional organic molecules that contain e-beam sensitive reactive
15



25 thereof. Illustrative exanples of precursor gases
we 2Ros:bNg sil oxane nol ecul es that contai n apEL[R004/008195
sensitive reactive groups include:
vinyl trimet hoxysilane, allyltrieoxysilane,
al lyltrimethoxysilane, phenyltriethoxysilane,
phenyl tri met hoxysil ane, and rel ated sil oxanes
cont ai ni ng unsat urated hydrocarbon groups, including
but not limted to vinyl, allyl, phenyl, and
acetylenic groups. Illustrative exanples of precursor

30 paAGEiend; A kdxaliiRge, Ahd HRS Hoﬁ@@cli@ﬁﬁﬁfbﬁﬁ%%@é&l&%uch as

that contain a-beamsensitive reactive
2063¢logtatieneputy distofume hogli@slecyensughnebieyclo [2.2.1] hepta-2,5-diene

L S0 e 0 0 RRSE K G BB o

es suc

5bi funsemirated @-C dobisle bt Bipleboald. as bi cycl o [2. 2. 1]
hept a- 2, 5-di ene (or "norbonmadi ene") and rel ated
organi c nol ecul es containing nore than one 5

UNYHE BeBB6k danbe ' "a liqui
can bg del iver eg gﬁ%ﬁ %ecag hgh 825828?% rte#g&l’ gélg{éggrd?a% a liquid
deVaposizedidizectly Withduthe reagtanooritrapspodied by th jnewi datrier ghdieich as
re r transported by an inert carrier gas such

as &L‘%Il;?ruaor i argon. 10 The nethods of the present

10i nventi on each include the use of a plasma enhanced
chgm cal Xﬁa‘ﬁfgtg deposi tion (PECVD) reactor. The
gjegg%@ﬁhﬂ. g PIsE°Tf apvehiaRsadch Hickude ¢ bopsernf@uplasmsgahanced
| NclenfisH] $88brHepGtidR BEENVE) I¥actdr MEnet cﬁ@’s%i&r?@nﬁ?ef’ﬁ penfo edina
enpl oyed in the present i'nvention 1S a para el p are
t ypratippgis megde or jrca pwlsest moded dsefarablypriiei FE@SED véagtor efployed in the
15 . Dl ' r 0 rocessing.2Q0.
oSS Ei G 1€ Beralier ot BACHAlio TnBS pRERES R Risiflicied Yew of
15 i rmessiiel plate FEEVRasaqtorddforsmoeessing 20hmrnowateescthatthay be employed in
re I hr.ou the gas distribution plate )
88 pftbenk oG B Hhe oRE o sers B it pbbeocifis ety brobgh the gas
a djstribativth plate €GPRYDA dvidet is sEatate frém R RbREtPSHick 18 by a gap and
The RF Eovver 20 i.s connected to the substrate chuck Xz

arfde PrEpRG Syt thrgughye Prapiag et 11The RF paver 2 iseonpedigd to the
PUuB&fSehudk 112 Qhd 8hnsmiReddd theSsuBitratd 12 T%%Qﬁca?gﬁpc\)/sees, all other

grounded. The substrate 22 thus acquires a neg
20 b pasts ofifhe seactor gragroneded cPhermybstraten)? thheaoquires mmegative bias, whose

OERIR!E YepdRGen? b ARG and prias?nadﬁgrgn%tgrg.t In a different
embodiment, the RF power 20 can be connected to the GDP 14, which is electrically
insulated from the reactor, and the substrate chuck 12 is grounded. In another
embodiment, more than one electrical power supply can be used. For instance, two

25  power supplies can operate at the same RF frequency, or one may operate at a low
frequency and one at a high frequency. The two power supi)lics may be con nected both
to the same electrode or to separate electrodes. In another embodiment, the RF power
supply can be pulsed on and off during deposition. Process variables controlled duriné
deposition of the low-k films are RF power, precursor mixture and flow r ate, pressure in

30 reactor, and substrate temperature,
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enbodi nent, the RF power 20 can be connected to the
woRHdabd3495\hi ch is electrically insulated fronpths2004/008195
reactor, and the substrate chuck 12 is grounded. In
anot her enbodi nent, nore than one el ectrical power
supply can be used. For instance, two 25 power
supplies can operate at the sanme RF frequency, or one
may operate at a |l ow frequency and one at a high
frequency. The two power supplies nmay be con nected
both to the sanme electrode or to separate el ectrodes.
| ndigtagdeltRtweattadiopand bottdmwms giithereactor)ppl mpnwsdms the distance
pul sed on and off ur| n sjtion. Proce s i abl es
co‘?ﬂtwwqtb%it%ﬂ% T %’P SPHace of g1 are
RF power, precursor mxture and flowr ate, pressure
in 30 reactor, and substrate tenperature.
5 20%@8&4)9&%@2@%@@&1@@ am@lm@pweé«w a filen are the RF

and battom s of the S
i SRk PR bR brbS RGB! e G BERBELLS
t hembeRnes! ft8kcidbe eripisisizad thabthe fibrithingwethod aaosdisg to the
vari abl es control |l ed dur ng, a deposi ti.on roc ss for a

f i praveat mventionpgonly posstble brtiliz PPBLORFIApIRE tiat bas & specific

pr N dwHag Sré@% o dfferent
ege%ergr?lﬁgh Fuef hou 9& n%%dg}@gd%ata ther oen

10 f agroeat iisngsedenda cﬂheainﬁm@ gwg/ﬂu eondiftons,$heElmg producsd maymot
is | e ut|I g a deposition reactor
h%?gnq‘fggpa‘ﬁéﬁg’@' ‘flb%cmﬁézg ?y with uni quely defined
grovvth condi tions. Wien a reactor of different 10

geonetry is_used under the defined growmh conditio
D MRorans e b BATEN By AT cpririkie e ethat P o 30ould have an

di gLe6tthe Eu&ﬁ‘éh% fcﬁﬁhtk of%efwdeﬂ gban g@o clahghdpdoat 808l coif| aidepreferably

react or accordi ng t resent i nventi on shoul d have

15 arbetuewcabont J09ems @Bﬁ Pb%ﬁt ég% Fac kit sap detiisen thdigstratgepd the gas
I d
r S Gl SRl RERRREOL0.1 i sAELIREN0 o, oo
s L;h‘&fel‘aiﬂyabeiwden dvouph§ coli andrebouit7icom A[REt RowWesis anpied to one of the
ctr bet
SRR DR B2 M2 AR AR TSP, ettty
RFat@YE3.56 MEER pA e flequepsy befow hMHz pewtradeptionallx be applied at
frequency betmee bout 12

d t 15 MHZ .
20 pribesua Flgoteade ag R@Y@eor%e%?%%%f%ag%ﬁtw“%g38%“ of0
1 MHzs wapawer can optional ly be applied at

The deposition conditions utilized are also critical to enable a successful implementation
of the deposition process according to the present invention. For instance, a wafer

25  temperature of between about 25°C and about 325°C, and preferably of between about
60°C and about 200°C is utilized. A RF power density between about 0.05 W/em® and
about 4.0 W/cm?, and preferably between about 0.25 W/cm? and about 4 W/em ? is

utilized
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20 the sane el ectrode as the RF power, or to the

wORMRMsiMsel ectrode at a power density of 0 t@ckaR2004/008195
WcnR. The deposition conditions utilized are also

critical to enable a successful inplenmentation of the
deposition process according to the present invention.
For instance, a wafer 25 tenperature of between about
25C and about 325C, and preferably of between about
60C and about 200C is utilized. A RF power density

bet ween about 0.05 WcnR2 and about 4.0 Wcn2, and

pr efrecuador gad) el VIMCEE) Wetwddn 2Bo/5cdi8mand c
D T 500, 83400 Par oA g 10 Gt B prefersbly

pr etHvessabg 25 seemyand ahory 200 ssemip uiilized o The Eeastantgaaflow rate of the
ab d en Qut sccm
o Heonb IR RF s, B0 CPOP bl dhopb E WAE M ARBHL SERIREGH ana

Sr atpeefefablyttetwepaabout 26 seam asdaboya $0,060 Som iSRDizedeTNERS flow rate
abo%ggﬁh§§0n1and abaut ao 000 scc and, 5 preferablé.
bet BisPUIser £9% % Sfiorang Ginlectlss goraigingrat fegst three i-O bonds,
ut iehpl3@d inlthe fidst SmbbaitiehféfRthe Hesdnp Trveitidits m’er\géé:ét%%ut 5 sccm to

gas, i.e., siloxane nol ecul es contalning at
t hiebeutd00Gsasmm wath a Hovprats ketwean 0rgciite ghoue D sticmeofithofhird

th L. '?ﬁhi en about 5 sccmto
ab &?&%gggﬁg%g%EQ%# gﬁyggaﬁgate bet ween 10 sccmto
10 about 500 sccmof the third precursor gas being nore
hi gh referred. 10 t he second enbodi nent of the
or B o BoR0 B menton B brsShal T Siion b marispiceas oprfate ofthe firs
fi pcurspr 6.6, 0TMITS, bétween abbWE3 Seerb &R0t AYOUEcm and preferably

scgm and about 1000 sccm__and preferabl bet ween
abBEVeenatoutsn saqer and gheut 200 secaw intidizedt: i ThezeaptanT ges flow rate of the

re f S
G R brodior gad ol TR0 e A a3 SR 6,7 35,08 R, and
15 anprefesally betereetbbpub socmrandisbout 19908 somm snuiliabxd The gas flow rate

10 ' iJ gas, .f te of the
P SR e L& Pl BTiding el Srmis gl e scusiive to

r eerbeam eadiptionpemylined intle sseonsienibodiniedt ofthd pAREt invention is
TR Dbl b SR S o o
10580 sse@beinginbdie Bighlygwefeat® between 10 sccm to about
20
In the third embodiment of the present invention, a reactant gas flow rate of the first
precursor gas, e.g., TMCTS, between about 5 sccm and about 1000 scem, and preferably
between about 25 sccm and about 200 scem is utilized. The reactant gas flow rate of the
second precursor gas, i.e., molecules containing reactive groups that are sensitive to e-
25  beam radiation, employed in the third embodiment of the present invention is between
about 5 sccm to about 1000 scem, with a flow rate between 10 scem to about 500 scem

being more highly preferred.

In some embodiments of the present invention, He is added to the above -mentioned
30  mixtures at a flow rate between about 50 scom and 5000 scem. He may be added to any
18



500 sccm being nore highly preferred. 20 In the third

wWEIhe9s3aent of the present invention, a react apdT/@8:04/008195

10

flowrate of the first precursor gas, e.g., TMTS,

bet ween about 5 sccm and about 1000 sccm and
preferably between about 25 sccm and about 200 scorn
is utilized. The reactant gas flow rate of the second
precursor gas, i.e., nolecules containing reactive
groups that are sensitive to e 25 beamradiation,

enpl oyed in the third enbodi nent of the present

I NUEPELYD feactbet Wween about 5 sccmto about 1000 sccm
with a flow rate between 10 sccmto about 500 seem
being more highly preferred. In some enbodi ments of

th
e RERhon g G b o £ pictpORSH chéh JfAR, SRR elbodiments where
S cg&risaRed ADrsaqas isHionrahoub 25 actrieth abouthWOOﬁecmDA total reactant

2004/ 083495 PCTI US2004/ 00 reac
t ozaa flopergter of gps HEEUTFITDI 2% SP@F%S%“EE/‘B& FRieTie ‘Sélﬁed asa
Of ool fioey dﬁ%&tw%to%ddesd:@nused as a
carri ergtaggs ?s fm about 25 sccmto about 10, 000
seem A total reactant gas flow rate of gas

sors n Hp@] Wdﬂﬂﬁ further b
f % ﬁg&? %°§1{S°‘B‘Ia%§”%&;{“§ere“8 erably frobm ab%lgst Mg}é ooe
S GeiRet @n&m@z m&n&w betherfirst and $eeofd precurpargeses ey be mixed

utilized in each nment s
bertbL@%W(éa“m 354 i e PECV R0k TRYadalctC0 s tothe

ﬂﬁ%&&%ﬂa& semp% s9&5tﬁ§ add@tioD6f cnmm mthltrbl ofmz aind ©, to the
mxt 2 in the PECVD react

adﬁnst dngiseeAnd@IscRroEs in fe PEQYQF"%‘F‘E&’&?‘% bglzgggrqﬁfegg on plasma

- 938 OPREYD R T BlovEX e Bhi rafu{eeﬁmf adgGicandl (Y
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secC recursor i n the
r esubbteate. pen @€ laachmabd Wlth threcfirst gndsecond prrcuLsAR, the gmount of

& PECVgg h%gaggbgﬁt fﬁ;s%c ??Pg &c&v\hﬁ@ﬁn@&n\fef@fabfylfom about 50
adwcmetd a%dﬂSOO seend. | Waen anﬂxtamcnf@bpuﬂldhms edwmixed mith the firstand

aen‘i%fl‘{ﬁr’]ﬁda%fﬂcqﬁﬂ’% ‘E‘?%‘Fbe ffgglf. P‘gtﬁllﬁjﬁ %‘gg{nn% gb°r‘,‘$?y§°°é‘ot§%b°ut

ngb X 09&ELh am% ﬁld%%ﬂ@zeadﬂfxxéa%aﬁwﬁaﬁ absutaiRcsacto 60 sécm.

the first and

More preferably, the amount of CO is from about 50 sccm to about 500 sccm and the
amount of O, is from about 1 sccm to about 30 scem. Altcrnatlvely, a mixture of He and

CO, or He alone may be substituted in place of CO in the above embodiments.

Reactor pressure during the deposition process between about 50 mTorr and about 5000

mTorr, and preferably between about 100 mTorr and about 3000 mTorr is utilized.

It should be noted that a change in the area of the substrate chuck by a factor, X, i.e., a
change from a value in the range between about 300 cm? and about 800 cm 2, will change
the RF power by a factor, X, from that previously specified. Similarly, a change in the
area of the substrate chuck by a factor, Y, and a change in the gap between the gas
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second precursors, the amount of CO2 adm xed may be

wo beuRoadaosit 25 seemto about 1000 seem and t hpcgaRbidl/ 008195

of 02 adm xed nmay be from about 0.5 seemto 50 seem

20 More preferably, the anbunt of CO2 is from about 50
seemto about 500 seem and the anmount of 02 is from
about 1 seemto about 30 seem Alternatively, a

m xture of He and CO2 or He al one nay be substituted
in place of CO2 in the above enbodi nents. Reactor
pressure during the deposition process between about

50 willlderassocihtatvoith a BiRBGe bR favier| YZ, arte pasafowr Abds\rom that

bet ween ?bout. 180 tmTorr. and abouyt, 3000 nmjforr _is
ut iBTPORELY saecifind Ha multistgiondepasition reasianisaiseds therpseasnfdhe substrate

of rbfefs 16 GReH inak faual Wb irdly ciirck a6d Bk ﬂbo& ra{eg ggthg %ﬁseg Eeg'glgt% one

froma value in the range between about
Sabdudivigod depesitionsititionc weerdinglyly totaHlquomtas ahd tatalpaw exibput to the

T N

and a change in the gap between the gas 19 WO

2004/ 083495 tE:CTl U 2&%/ 0031195 w |l be associated with
a CREHGS! P trep sEropfiments, the depasied,filins manbe entienaliy ehilized
oh y ¢ L ' . .

B rnot e i Sng e i propesspan be

deposition reactor is used,

10 r epenfermed by gonealing atd Wwumeratub of nottess tian R0 fbr b hieefgesiod of at

ra r Lo one.5 .ind.vidyal i
de?o%gtl dt')ilso]'tﬁ&l'g't gfoﬁ‘%ﬁr_efeiébg r .?%‘é‘F@F‘gHBPﬂ“F°fH“gW?§F@§e sfpealing step
t obtedboptBEOFCita ghitut #50°CHer a 1i@e péd BétRedAtbbin.5 BshrP¥ndabout 4

t of al nijﬁrbﬁr.f.de 03|t|onﬂ3tgt|03|ns_|det_he ]

r ARFYr 109 fiebilizatioB prochs cehplse be 4% 8 rapidhermal annealing
depséss athebdpeMburbPabobe aktit 602! IPhe ShHial é@ﬁ g?ﬁfe‘ﬁh%s obtained

under goi ng further integration processing.

15 5t agspidine; 1O thprsient byentionsin p @on epxidizing pmbigntjy up tmetehipetpture of

at n@t 1458 ALY gt ﬁfno%.@g%dt Eﬁ§m&ﬂ1m§ ngeét %vegtlic{}li’ Jéﬁ'ﬁsé to further

period of at |east our.. e pretera
anvednge the dicteciiordopstans of the naulfiphase, adtra lowniedikleaic Sl of the present

e TN TR TR -

prere@ssors eomprisiing © andHrdnd bptichall CatoRp irfdy (Heeh My %egcémpose and

20 THRET WP vl 5blebwles Whiehareasiesed e Alm. Optionally,

25

30

anbient is up to a tenperature of nc ess t
| treleaserpfithemplegplar fagmentse Fhe film densjty dssthng decreaged: i on
serves to further

acfpthél dRgelbPmbits oV i&Sky 6&\@&%? fih By Brodd of E@P{%@é‘@%

In an even more highly preferred embodiment of the present invention, annealing is
performed utilizing two heating steps. In the first heating step, the film is heated at a
temperature not higher than about 300°C for a first time period, and thereafter, in a
second heating step, the film is heated to a temperature not lower than about 300°C for a
second period of time, where the second period of time is longer than the first period of
time. Preferably, the second time period is at least ten times longer than the first time
period.

20



reduce the dielectric constant of the nultiphase,

wQi2dos/esdagsy k dielectric filmof the present i|pPeE052004008195

During the heat treatnment step, nolecular fragnents

derived fromthe organic precursors conprising C and

H and optionally O atons may thermally deconpose and

20 may be converted into smaller nol ecul es which are

rel eased fromthe film Optionally, further

devel opnents of voids may occur in the film by process

of conversion and release of the nolecular fragnents.
Thembodimets of theyprésent inventida gy @ﬁﬁaﬁ Gtep followsale BeptBitiBn of the
hig&h{ preferred enbodi nent of the present invention,
anAWHinbass, plira low kifalpy. Breterably: quring isRpriofgedusing erjeam radiation for

Z : & gﬁze t‘[Jeﬁo& BFﬁBﬁl&%&WﬁH}%&PﬁOﬁQﬂhﬁ%@ at'd ﬂg%@F%? gfa 56k about

enper ature not an about

5 f i BEI°Ctto mboys 0 6@, Eammpleicenditidiisars the nseof esdemndnergy between about

heat | Lthe filmis heated to a tenperature not

I onepd PorEke Bisni A arsne Sesfron i o) i Pefl et noptad and about

Wh 008 rhideoCieieReh? P Prdferdledtfontiitions st elRAMEhelg) otvhd & about 2 and 30
first period of tine. Preferably, the second tine

peks\odnd 8 dage ofeshectron aatliatiomequal snbrweemehout HY andrabeut 2000
Ul ARer ol éﬂ“-mﬁQmé”Qn%Q efs %4§€aﬂg@n§§%8%%{%%ﬁg er vacuum.

enbodi nent's” of the present Tnve ste

10 f oWithirsthe kecodé pod thindemboflimednts of thel fresehtineentioh the eJbexm kcuring
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film.Preferabl ur i i_s-.perfor usi e- bea
i el s B adpos i of feimgidess i A S gPbEd to form a
abmoie de4: 1@jziod tabthe 8bp AurfabPRAETLM Gnd thi [sQﬂSh@Bﬁ Bdjusing the e-beam
350C t o about 450 C. Exanple conditi ons are the use of

e 12HEleR eonditippsy Lhqdase smgimmay beysatud apa (MF stepregion formed
dm%@&ggﬁ@rm&@ﬂﬁﬁm equal to between about 50

and about 5000 mcroCurie / cnR. Preferred conditions

use e-beam energy betwe en about 2 and 30 keV, and a

d : t kald : . .
ane AR PhEGANBRIGAE HEb AaiRi i ok BrRB MR BHAN oot
e chamaterieed bindjelestrisephstanteaf k@ Je and/are thenmallstWlé Forprocess
th d hi rd _enbodi t .th t :

| ieRERERh ERECL eRtaRER? PR Bofbhat prepliL reetged a
deprapérhiuees offup td145070| FuptheaRre, Helmhaltibase,Kilfrd 10% k Slms have
applie toforipa nore dense region_ at_the t

s FFRERely Jew cras '

gp
Pronagationgrelagites IsWalgh be-phelaw; legﬁm/ﬁ and may even
3 BRBROw 16U ixfls! Ohle EfANHL al@ IS Earl RO
useful as a CMWP St 0 egél on tormed aﬂﬁgﬂéﬁﬂe 9@¥asﬁ§adapted
in producing multiphase, ultra low k films as intralevel and interlevel dielectrics in
BEOL processes for logic and memory devices. The multiphase, ultra low k films of the
present invention are also characterized by having improved mechanical properties

including the improved elastic modulus and hardness mentioned above.

The electronic devices formed by the present invention novel method are shown in
FIGS. 4-7. It should be noted that the devices shown in FIGS. 4 -7 are mérely illustrative

examples of the present invention, while an infinite number of other devices may also be
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within the top of the ultra low k film 15 The
wordoijogdaese, ultra low k fil ns obtai ned by thepOr®ss0i/008195

i nvention process are characterized by dielectric

constants of k<2.7, and are thermally stable for

process integration in a BEOL interconnect structure

which is normally processed at tenperatures of up to

450C. Furthernore, the nultiphase, ultra low k filns

have 20 extrenely | ow crack propagation velocities in

water, i.e., below 10'9 m's and may even be bel ow

10"11 m's. The nultiphase filnms and nethods can

refore be_ easil % adapted in producing mnultiphase,
501, GRROGimeRts of the nipse] iaveattionfdlens regiogab the top surface of the

d|
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The el ectronic devices forned by the present |nvent|on
X‘éb thod are shown in FIGS. 4-7. It should be
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ad jhedfirstigyer bemulaﬁ@gamufeﬁdn Fit dnd Theftkesio8 0% metal 38 eThe first layer of
dense5re|on of such a filmis useful a

st Hgulatiyg @ derink i oy h@ﬂtlﬁ%lyamdqu silicenpride, lﬁﬂfcau eltrrdy doped
b beg
CvaHefies 6ﬂh@s@¥neﬁénél£‘ or %f%é&ﬂit&l%@é]?l%?gg%ﬁ% Elﬁl]st hie multiphase,

herein. In 4, an el’ectroni c

15 o wliradew 3§L’ﬁé@t3ﬁa‘§ éleszsaﬂgnmmhotghthoexapw proess felldwerdhy etching
S URRE ] @hBuctér 1afdl 4018 Hé El‘té&qh%@tgq d&f’i’é @%g ord Bcﬁﬁsgs «é bk

formed wth a Tirst |ono
t hesmdigtor 1ayarail) 1acz@t§d plutoa: smend byaof mmﬂilﬂﬁsd) nltidtewfki filsd 44 is
tra | ow k

f ase fil
8o by Bl me hna bl dhd B33 80r dnbeiion tieess pverlbipg the first
_ f | msltiphasg cultrafow hﬁhh&@l and tHeeirst doaductr 1828 40.heh b icbRfuctor layer 40
Zoma‘% F‘?f net_al @LheflrSt | ayer of insulating
&Y Pesepgsitedpf o F el e ssmcilliasaagiveapatetisl. For
Si ihéteRie, SMnefatliciBateARRFAluminum or copper, or a nonmetallic material of nitride
or polysilicon. The first conductor 40 is in electrical commu nication with the first region

of metal 36.

25 A second region of conductor 50 is then formed after a photolithographic process on the
second multiphase, ultra low k film layer 44 is conducted followed by etching and then a
deposition process for the second conductor material. The second region of conductor
50 may also be deposited of either a metallic material or a nonmetallic material, similar
to that used in depositing the first conductor layer 40. The second region of conductor

30 50 is in electrical communication with the first region of conductor 40 and is embedded
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varieties of these materials, or any other suitable

wo dovdlogdsbng materials. The nul ti phase, 15 ultrpactws2004/008195

film38 is then patterned in a photolithography
process followed by etching and a conductor |ayer 40
I's deposited thereon. After a CMP process on the first
conductor |layer 40 is carried out, a second |ayer of
mul ti phase, ultra low k film44 is deposited by a

pl asma enhanced chem cal vapor deposition process
overlying the first nmultiphase, ultra lowk film 38

andniltiphdsé, ultka ek fith & inlidttedte déhtact Wit Mﬂ%ﬂfh&&roﬁ ifSfhing
or a

40 20 may . b eposited of a netallic materia

no ﬁﬂaé?réﬂl?éﬁc &&ﬁﬁ]‘éﬂ'ﬂ’&e thedfiratlayar of imgelatingrmatsrial38 of multiphase, ultra
met [ j : ] . .
oo B RE L Hlevet aigp L AL, AR scoliid Byorof ppplaing

ST i msatergadnichy cheomultiphass, ultra ddvek filmcldlis boahrat inttalevel id an interlevel
with.the first reqgi.on ,.of netal 36.. 25 A second region

of QELSRTr. 5k of A 10 ietpei psap it themaltphase, wltra ow & i,
phetysdriot n@gamgwp'x@ REPERDR athictdiby tEeSRM sl RPASR

ultra | ow k fi mf;ayer 44 is conducted follom%dpby and the

et E¢fORGIsHigtng 8erA4. Jeposi ti on process for the second

conductor material. The second regi on of conductor 50
may al so be deposited of either a netallic material or

10 a rfeshaivs i presantanyeatipn glectrdnde deviiae G0vihil astecthatof electronic device

SRS A W S SRAHFAS o BLEE P12 S etorn

c ofirsy irisalatin@®matsriahlaydre 8faind e s&@cﬁid%uﬁﬁn%ﬂﬁ@&&l e, The

ang, | S, enbedded 22 WO 2004/ 083495 PCTI US2004/ 008195

mu F‘leﬁﬁ%él_? WPE Pacqndi itbly farmed pha matarish suchcs siligen oxide, silicon

W hitridenSilibod &Hmlu?déefeﬁ%ﬁtoﬁ‘ﬁwa%i%ié& mt'ﬁ]ﬂg Kithdhe Fé?racéogf metal being
I the f yer o u g mat er|

this exanpl e irst l'a I nsul atin

15 3gTRZrpdif of Wi sidison earbide, siliconkarbpnitride (SAEN), silicah sembb- oxide

20

| PO} b e I gy, T Aol BeleB o a2

k funftinng4s  diffirstdn tarrier tayenfor pedventing diffusiont efithefist conductor layer

di tric, Based on the |low diel ectrjc.constant of |, .

£ 10 {3 e oo Bikhefhe A Ol a8 oF B0 8 I GED Y4, eShepiagy nto
priapers B¥ and3R.be achi eved by the first insulating |ayer

38 and the second insulating |layer 44. 10 FIG 5

shows a present invention electronic device 60 sim|l

ar Ah@hdriiernte ARG bE e H¥sER invali oft gihvite 70 i
DU TR o o et E (e plstt in ca%h%’e_\}re"lrn&e e 7 s shown.in
d 6 P+ Jadhpeledteanic davice 70, two additional dielectric cap layers 72 and 74 which

act as a RIE mask and CMP (chemical mechanical polishing) polish stop layer are used.

The first dielectric cap layer 72 is deposited on top of the first multiphase, ultra low k

25  insulating material layer 38 and used as a RIE mask and CMP stop, so the first conductor

30

layer 40 and layer 72 are approximately co -planar after CMP. The function of the

second dielectric layer 74 is similar to layer 72, however layer 74 is utilized in

planarizing the second conductor layer 50. The polish stop layer 74 can be deposited of

a suitable dielectric material such as silicon oxide, silicon nitride, silicon oxinitride,

refractory metal silicon nitride with the refractory metal being Ta, Zr, Hf or W, silicon
23



first insulating material |ayer 38 and the second

WO 200408849519 material | ayer 44. The diel ectric peyusav£608195

10

15

20

25

30

62 can be suitably formed of a material such as

silicon oxide, silicon nitride, silicon oxinitride,
refractory netal silicon nitride with the refractory

nmetal being 15 Ta, Zr, H or W silicon carbide,

silicon carbo-nitride (SiCN), silicon carbo- oxide

(SiCO, and their hydrogenated conpounds. The

addi tional dielectric cap layer 62 functions as a
dipbfistsstom laper cbix@bsmaiy & SiCHr or [Bi€OHITb1 Jagerd 72 bri%4.0A sedond dielectric

e first ¢ tor yer 40 into the second, . .
| isr 26 B ASE pafop| by seqandpiltighaser B o fusplgeg materie
e%&%?h@%r){héd&h& pukpbéed. S 34 and 32.° 20 Anot her

al ter nat e enbodi ment of the present invention
eI ectronic device 70 is shown in FIG 6. In the

5 g BB SRR s o

( G BIG.CRln ihEQﬂl@ﬁiafb&imlﬁﬂirhﬁh,l m)ddmmlahy@ '82 Ibf Hisleetricanaterial is

used. . The fir t dielectri p.layer . eposi ted
_oﬁ‘efﬁﬁe‘@)@d(tg vickne the ey ipsdating brrie S aito two separate

! 'ﬂ%}é} 4 eﬂﬂS@aiﬁeflhélﬂebél%ﬁ& imEHABi S eP‘4lRfo‘1:-m@@§ multiphase,
an stop, so the first conductor ye

| ajterlowk matendpﬁhoam imdl @G| 4 igtherefira dmdedﬂmeran@lﬁlay?h dielectric
t I
SRR R BB RS Bl et 2SR
p hxﬁaabmmbw Alnmddmonﬂcﬂlﬁ‘mhdwamﬂ layey 06 iSfirthdirdepgsited siitop of

S o ameet Gciedite Eofs 7 JReRIGOGH phtest Pryided 59 L rltespate

n 'efnbbﬁﬁnenﬁélédu%ﬁib s@rabiard 80 1 Phat 1R {d 1a%dr 8D YicRE ah RIE cich stop
silicon nitride with the refractory netal being T

Zprovigingpupggiordpiercognect deptinppuirph 4 Thigss thg gomposition of layer 821 _1s
R eS| 0,1

ayers 72 second dielectric
Iayer 74 can be added on top of the second mul ti phase,

[1% %St’ﬂeeg \Qit%m!é%] g)ﬂx‘?a I o J{h‘}&e e‘iyc?tr %éh&né(ﬁ{etvglﬁcl? ﬁﬂeﬁayers of

ptm&hﬁhg mateeial dsdmtralbet br mmdavclelwlemnﬁﬁn lawifihg wruchire that i

| Hglqdegg L?ﬁrﬁfﬁ%%p@épﬁ%%h&ugggg dsltrgtg%hxchaﬂas adfflrlsttrleglgr"i1 Iof metal
embedded in a first layer of insulating material, a first region of conductor embedded in
a second layer of the insulating material wherein the second layer of insulating material
is in intimate contact with the first layer of insulating material, and the first region of
conductor is in electrical communication with the first region of metal, a second region
of conductor in electrical communication with the first region of conductor and is
embedded in a third layer of insulating material, wherein the third layer of insulating
material is in intimate contact with the second layer of insulating material, a first
dielectric cap layer between the second layer of insulating material and the third layer of
insulating material and a second dielectric cap layer on top of the third layer of
insulating material, wherein the first and the second dielectric cap layers are formed of a

24



deposited and thus dividing the second insul ating

woab@resaos| ayer 44 into two separate |ayers 84cantd2013/008195

5 pr whichdaslayers obinsdlating mytewa

The intralevel and interlevel dielectric |ayer 44
formed of a multiphase, 10 ultra low k material, shown
in FIG 4, is therefore divided into an interlayer
dielectric layer 84 and an intralevel dielectric

| ayer 86 at the boundary between via 92 and

i nterconnect 94. An additional diffusion barrier |ayer
96 is further deposited on top of the upper

di filre of the prdsentéiverition. The addi ti onal benefit provided
by this alternate enbodinment electronic structure 80
is that dielectric layer 82 acts as an RIE etch stop

15sﬁ2m emb#ﬂf&n&y&ﬁsdmeﬁta bpme %Pé%@ﬁttm%%ﬁ‘m@ﬁ% bf? Electromc structure
Thus, 'the conposition of lty sel ected t

m@ﬂ@@b or intsrleeg) dtelwcs in a wiring

S R T T

Megnetal ethbeddled i 4 msﬁlaybrzcg‘r’mslmi}ueg neateial,di fabtaegion of t(:jdnﬂutﬁor
Wriln ruct ure that ncl uae processe
se?ﬁﬂla%iﬁe%@tq segond Jp¥arof %HlaFFé@F ‘é{gleﬁ isdp intupate pongget with the

- Ry lag&‘@?@&ﬂf‘a@n% thaferfal, {8 fidsPXBlonQF cbﬁtﬁeioaisl in glectncal
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mat er | first region of conductor enbedded in
s eqrmmrrutication vith the &rst regigreefimgialya sesond Fegidmenfspnductos that isin

d layer o [ i:
R R R R SRR
anidyériod nisuraahg faterial) thoef th1rd taydrioft iasulatinginmateriad ¢t ini iitithate contact

" b fhe2aeag ioh PR g el LA g T s oy Jormed of the

Wi ﬁlﬁltibﬁ@se,f ulfrd low‘ REIA ra>f tfe ;ﬁéh@ﬂtblﬁ{'éﬂtxoﬁ raapdsﬁed Sikskieshel ot the
er of insulating material, wherein the

rﬁep@pd Wéﬁ"%b}’i’fﬁ%}nﬂmﬂ@ maigtigkial is in intinmte

contact with the second Iayer of insulating material,
a first dielectric cap | 1y bet ween the second | ayer
ofSulhsthemluengtmbnduamtamd ud$ an eleftrehi¢ stpngrurewhich has layers of

I
oo R B it BB eflo Rl L b
V\lrméladers at;he-pfrmewcd aexﬂmbﬂnhcﬂﬁg aubstrate dlathdsrd firstrepioh af metal S
are farned o 24 WO 2004/ 083; / US20, 195
£ et hrstleuh Of FiRYEHES Btera), A ot SPBIGH OLgopahebedded in
e @&@bﬂ(ﬂﬁ}& o?finshilaling iR et whiod &/ Thiiffintd 6brisle wath the first layer of
el ectronic structure 5 which _has |ayers of insulating

neingHating materisl: the ey segion of cendydtenia in electrieal comeynicetion with the
W ﬁt‘s{‘&glon of metal, a second region of conductor in electrical communication with the

first region of conductor and is embedded in a third layer of insulating material, the third

-

layer of insulating material is in intimate contact with the second layer of insulating
material, a reactive ion etching (RIE) hard mask/polish stop layer on top of the second
7layer of insulating material, and a diffusion barrier layer on top of the RIE hard
mask/polish stop layer, wherein the RIE hard mask/polish stop layer and the diffusion
barrier layer are formed of the multiphase, ultra low k film of the present invention.
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structure that includes a pre-processed sem conducti ng

wo200s083a9e that has a first region of netal epOERUSRU4/008195
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ina first layer of insulating material, a first

regi on of conductor enbedded in. a second |ayer of
insulating material which is in intimte contact with
the first layer of insulating material, the first
regi on of conductor is in electrical 10 contunicati on
with the first region of nmetal, a second region of
conductor that is in electrical comunication wth

t hiasflatingtmatexdiiloss infralews] do itatevehdelestrieninaddieing istudure that

third,K layer of insulati ird Jayer

of FlHdes aaarP BEecsRed F?faﬁm?‘ﬂ’% ﬁf@#ﬁﬁf@ﬂ %é{feg’w%ﬁmetal

t henRAQH o B¥QkyeR bf iﬂéﬁMﬁﬁg i@ AR b Sidt 3 giomftoRductor embedded in
diffusion barrier |ayer forned of the multi phase,

u | a gegondoaydr of msnhabng materig} whigh s inAntapate eonters p}@&n the firshlayer of

ﬂﬁagt?ng ma'?gn Fer g‘%’t %&e@ag% e rﬂga 1J[fﬁleeg na cay&; fg‘catln‘)tngmh the

I rm{smgma E)f ﬁie&t,tarsemnd region of comdusths mrcldn&kzal etymnmccﬁﬁon with the

cifapeesion Seenoctoyad i g rddhe B f Bidayer of e s mateppl the third
I%ﬁé} &2 ARMa BRI InGRAMUS bl Heintthiast Vith BRlsedad 1@& bf Sibulating

region of metal 20 enbedded in a first |ayer

i meateriali ;frshBIfehard mask, rolisk stop bgpmp tgp ofthg Gg@pé rlayer of insulating
\ihl ?ﬁ aeida hﬁt df?l;u?gﬁ ?glqlglé% ?IPJ\RP t &{é gtflﬁﬂs gﬁ# ollfgh stop ]_ayer’

| nxssa:batd RI@ hml masla;bqhsh sopflayes bn topgif thre third tayndazﬁ:ns;damg material,

S R S Ut o d RS i s

C QRYB: "W keRéih Bt RWE Hard Bsk/bolishistopQsjiety andithe dffisioh birridNdyers are
is enbedded in a third Ia)éer of insul ating materi al,

t Hermed gfdheomuitiphase, Wira loyg & il of the preseps igyentien;
intimate contact with the second | ayer of insulating
material, a reactive ion etching (R E) hard

nssew/cpmruagbrnste@plbpdymntaﬁf tbwewt tyentiecigplydes Angplastrogie

| D P L i S R f it i n
t hanag Btrinturel simitak tqihht édscnbedmnhmﬁmteljaabbvb bet @irthéninclodes a
ra | ow

b f, d,of. t |t |
< istecie PR s YARLIR TRy B e e Besg B g ateng Bt i €, O
PGhE PE3RARA BES%® an intéridvel diflgctiiB et @ldendsirdlevel dieRéeic layer.

or interlevel dielectrics in a wring structure that

The present invention novel method and the electronic structures formed by such method
have therefore been amply described in the above descriptions and in the appended
drawings of FIGS. 1-7. It should be emphasized that the examples of the present
inventioﬁ electronic struc;cures shown in FIGS. 4 -7 are merely used as illustrations for

| the present invention novel methods which, obviously, can be applied in the fabrication .

of an infinite number of electronic devices.

While the present invention has been described in an illustrative manner, it should be
26



i ncludes a pre-processed sem conducting substrate that
woieqassleg st region of netal enbedded in a fip&tukRyetosios

of insulating material, a first region of conductor

enbedded in 5 a second layer of insulating materia

which is in intimate contact with the first |ayer of

insulating material, the first region of conductor is

in electrical communication with the first region of

netal, a second region of conductor in electrica

communi cation with the first region of conductor and

| YedHfidA elhdrihan dfftintichtioayer of insulating material,

the third layer of insulating material is in intimte

contact with the second | ayer of insulating 10

. 4T . . v

¢ G5bAgrs Wl B oot BRERARK b BG4 R P8P pRAcored and

5 f iseedraldilfefnat embodimnerits it ik &/l appreciadgl thét thése skilled in e Brt will

hard_ mask/ polish stop |ayer, .3 second har d.

e opplsfibese iRt et byl VTR0 ol e 1R Riong
insulating material, and a second diffusion barrier

| ayer on top of the second RI B hard mask/ polish stop

| ayer, wherein the RIE hard mask/polish stop |ayers
and the diffusion barrier layers are 15 fornmed of the
mul ti phase, ultra low k filmof the present invention.
Still other alternate enbodi ments of the present -
invention includes an electronic structure that has

| ayers of insulating material as intral evel or
interlevel dielectrics ina wring structure simlar
to that described i nmedi ately above but further
includes a '20 dielectric cap |layer which is fornmed of
a mul ti phase material including atons of Si, C, 0 and
H situated between an interlevel dielectric |ayer and
an intralevel dielectric layer. The present invention
novel method and the el ectronic structures forned by
such nmet hod have therefore been anply described in

t he above descriptions and in the appended 25 draw ngs
of FIGS. 1-7. It should be enphasized that the
exanpl es of the present invention electronic
structures shown in FIGS. 4 -7 are nerely used as
illustrations.for the present invention novel nethods
whi ch, obviously, can be applied in the fabrication

of an infinite nunber of electronic devices. 30 Wile
the present invention has been described in an
illustrative manner, it should be 26 WD 2004/083495
PCT/ US2004/ 008195
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description rather than of limtation. Furthernore,
whil e the present inventiompghas been described in
terms of a preferred .and 5 several alternate
enbodi nents, it is to be appreciated that those
skilled in the art wll éﬁ@glly apply these teachings
to other possible variati df the inventions. 27. 28
1. O aigrsmdihod dRtEREHnST a frahMpRsked lith tloRhaBQectHE t EchstaBW film
di el ectric constant frlnr conprising: positioning a
subsomgrisingn a plasna enhanced chem cal vapour
dep P C f t.pr r
gas Dastby; sl PR bRty B Fhehlitd’ vl edliton
(PE@ﬁtbmamuﬁjomnng a second precursor gas conpri si ng

or i c mol ecul es containin
"t SopeS Relet BREURPO R GOREiTE BOBcau ady Gathd T intd the
re#@FPr i Sing siloxane nol ecul es containing one Si  atom

and three or four Si-O bonds intg the reactor; and
depdoming@ secADd tHIPHESE, 833 EQTBPIHIE lTgaionRRloFHes sontaining

ma 1 |a @,E)gdff(fvm tlmgttgg%@ggput 2.7 or |ess and. from

out ased on the total third
pr erﬂlommg a ﬂimivpreclmiort@s cethpdnag siBhxa@e pwretiubgy contaitheg one Si

Su at e. f im1, vvherern said

atof‘? ?%0652%3;@88“ Ssm tﬁ‘fwf‘?agg)& singl e nol ecul e
contiapdsitn@ @inaltphede, Sltra low @ﬁaﬁmaﬂng?a didleetrizeioReentadf about
claim1, wherein said first precursor gas is conprised

2708 1655 4K EmEbBRt Grblte abowid O%orhaattherh thedptrbhiet prspurser flow,
of%ﬁﬂéﬁrh SlAOb ﬁ}ﬁnggﬁt}gdsuggtrﬁé aim1, further conprising

e gas mxture. 5. The nmethod of claim
2.1, beptm@hOd: ofrstdimi hgwherdinngpidcdstopreeursdrxgasrie einpesed of a

and sr%%letrgo (blﬁe 98 Stalrr?m)fgt atbifis of Si, C, O and H.
3. The method of claim 1, wherein said first precursor gas is comprised of a
mixture of molecules containing atoms of Si, C, O and H.
4, The method of claim 1, further comprising adding He to the gas mixture.
The method of claim 1, further comprising adding CO; or a mixture of CO,
and O; to the gas mixture.
6. The method of claim 1, wherein said first precursor gas is a siloxane

containing

(926375_1):KZA



6. The nmethod of claim1l, wherein said first precursor

WOOm04/083495 Si | oxane containing (926375 1 ): KZAPGYDUS2004/00819S

2004/ 083495 PCT/ US2004/ 008195 2 Si, C CandHatons. 1 7.
The nmethod of Claim6 wherein said 'siloxane is a
cyclic siloxane . 1 8. The nethod of Claim?7 wherein
said cyclic siloxane is selected fromthe group 2
consi sting of tetranethyl cyclotetrasil oxane,

decanet hyl cycl opent asi | oxane, 3

oct anmet hyl cycl ot et r asi | oxane,

t rSip@tOwhdcHakaws.i si | oxane and

hexamet hyl cyclotrisiloxane. 1 9. The nethod of C aim
1 wherein said first precursor gas is 2

t ef r anefya yhetbidd ¢TiCIhina6 whexan@idsiloxane is a cyclic siloxane .

oct anet hyl cycl otetrasi |l oxane. 1 10. The net hod of

G aim1 wherein said first precursor gas further

i nel udeg, W 1£hﬂ&rah@@ser ted from the gro
ger rranr urn ﬁ:‘llﬁgn hﬁfe alr m 1 wher ef'ﬁ sarod BIow
s mﬁ@hﬂgrdmuammhygmlmmﬂmms dopasastbdcysiopentasiloxene,

<Rty get Rt e glotlo R ol pe B Yelopisilonene

atons. 1 12. The net hod of CI aim1 wherein sai d second

precursor gas co nprls cy entene oxide. 1 13.
1 TH: net’ﬁ@dnqihO@féFlﬂﬁnll ‘ﬁ“‘gé{sg

PEEFY 83 Bcur sor gas
[ Toix A, 3 4 Si-
80%131 aﬁﬁi}%‘lﬁ%ﬂe rretoggld oéh% gﬁlrgnmfﬁé\;her ein gg\l d |

third precursor gas is selected fromthe 2 group

X g:: %&%ﬁ?@gg W}%ﬁﬁvﬂébﬁr&&%@ frtRbiudes elements

Vlgﬂﬂlﬁ-dgeﬁ,tﬂlQ%MSbf gétmantind. y| t ri net hoxysi | ane,
vinyl trinmethoxysilane, 4 allyltriethoxysilane,

pheiyltri et hoxysil ane and phenyl tri net hoxysilane. 29

1 PG o ool OB 1 WhicfdiuPMidSstund precurkdd gabEorhprises species of
2 fused rings that impart significant ring strain, wherein said fused rings includes rings of
-3 4,5, 7 or more atoms.
12.  The method of Claim 1 wherein said second precursor gas co mprises
2  cyclopentene oxide.
13.  The method of Claim 1 wherein said third precursor gas comprises siloxane
2 molecules containing 3 or 4 Si- O bonds.
1  14.  The method of Claim 1 wherein said third precursor gas is selected from the
2 group consisting of from tetramethylorthosilicate (TMOS), tetraethylorthosilicate
3 (TEOS), vinyliriethoxysilane, allyltrimethoxysilane, vinyltrimethoxysilane,
4 allyltriethoxysilane, phenyltriethoxysilane and phenyltrimethoxysilane.
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IP ~lus . 1-15.- The nethod of Caiml further _
conprising heat treating said nultiphase, ultra . 2 |ow
k filmafter deposition. 1 16. The neth A :
wherein said heat treating is an anneal maﬂzm 98 195
2- .,perféom meebvat a tenperature of not Iess gssgﬂc‘[ FeB a0y °
time period of at least 0.25 3 hours
nmethod of Cl aim 15 wherein said heating treatl ng is
performed in two steps, 2 wherein in a first step the
filmis heated to a tenperature of |ess than 300C fora
fli r 48. 3 Thie methpdofiCdain 1 ferthed qumprisingdod éeatinggsid multiphise,|ultya
i2S- RpRat Sieh drer Bpdsfigper ature of greater than 4 300C for
a second tinme period, said second tine period is
| onger than the first time 5 period. 1 18. The net hod
of B-ai Fhe mpthed df ffuire dhrhdreit 11igl heatrexiing s e soneplingxitey
- Ul pérRRRAG a tetnpdrdure 8F nol 103/ tsn BO0PO Yor & BintlpRio®SaMe£:16 2510
S Berformad at a tenperaturé of from about 350Cto 3
botit 450C for a tine period of fromabout 1 mnute to
about 300 mnutes. 1 19.. The nethed of Caim1 wherein

- $ai £y, PEQMnERAGK Qlaink 55 WheRl sail hx&kmﬁkﬂlu% if &asﬂiﬂw in tH: stdps,
30 wn nem%kbg% tgé fﬂg| @llteatec} t% t of essl.fz:i ?(ra ﬁrst

eactor has an area
R sveoneﬁfzp.am’mawedseat@mmaﬁwma@ N
b et 300%hfoi drcond Bms pddied, rs6ill Secanddima péridd isdbiperdiade faetneen.
odl cmand about 10 cm 1 21. The nmethod of Claim .
19 further conprising the step of applying a RF power
'to 2 an electrode of said parallel plate reactor. 1

o P2.13. ThEhemesttiod of @i faithyr dmphisres-rrars airdlg dpogiithsgira
- 1 anédehing eawsm&uﬁdges feHSrH:%db afa: temp%raﬁlectcﬁ'k"r&g alg)ut 350"20 5toC :
enper [ e.a about
3t ”EO %%)Eé %66%“ Oist% ?‘?tl mm"&tﬁgbo\{'\%\?gr “aens,l ty

- fromO 05 to 4. OWCer 30 AI\/ENDS Y19 2"17_05:
' 12:19.1 PI\]‘bngﬁmP@mnS lovhdka@ed PECVD &th&&'ﬁp’aﬁﬂa plate reactor,

|

1 20 ’I‘hc method of Claim 19 whennn sazd paralle! plate reactor has an arca of ¢ a
substrate chuck between about 300 cm? and about 800 an’?, and 2 gap bctWeen the
3 substrate and a t0p clectrode between about | cm and about 10 cm.
21. ‘I‘he raethod ofClaxm 19 further comprising: the step ofapplymga RFpower to | _ o . o o

2 anclcctrodcofsaxdparallel platereactor Ry o . _ B

1 22.  Themethod ofClaim 1 wherein said depositing further comprises the steps of: .
2 setting a temperature for said substrate at between about 25°C and about 400°C; and . -
settmg a RF power density from 0.05 to 4. o W/em?,

30
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1 23. The nmethod of Caiml wherein sai d deposi ti ng
~further conprises the step of 2 setting flow rates for
said first precursor gas at between about ‘5 scum-and
about 1000 3 scan. ' 1 24. The nethod of Claim1

2 ubergbawsai-d depositing further conpri BGTAIS @tﬂﬂ' @8 1957 |

2 setting flow rates of sai-d second precursgr gas
bet ween about 5 and. about 50,000 3 sc @ﬂ\f\}% y ettB 2005
nmethod of Jdaim1l wherein said dep05|t| -arther
conprises the step of 2 setting flow rate of said.
thi rad. pr Benieton ogelmnal wizesinveid depakitg firthes @amprisen the stigmaft
#) qulg’ te}foﬁ& ﬁ‘rpe %g at%felwgﬂbmt IS s%%@%uﬁ%(ﬂ
ep05|t urt er rises the step of .

skt 5Py a pressure for sai d PECVD reactor at b_etvveen

~about 50 mlorr and about 5000 3 mlorr. 1 27. The

31 OF° ot Tb Ul tndd frbhisg e BESGMERE g5 o <

|3r eém@cﬂowgzt@‘ of ga“tg?eqﬂs PErPRES atdgivgem sbqut 5 gnd shoyt 30,009

of femning a nultiphase, ultra | ow dielectric constant
. filmconprising: 23p05|t|on|ngasubstrate|na

pl asma enhanced cheni cal vapor deposi tion SRECVD
r’ea?for , Thgmetgod qf Gigim 4 wherpin gaid mswagﬁng SR P
ato Mﬂ:miﬂmswe oF sai@thind dretyriongag attbtereenabott § seom aBd ;bbixtomm g
8 SgeRnd precursor. gas conprising nainly organic
nol ecul es containing 9 atons of Cand - Hinto the _
reactor, 10 31 AMENDED T 2-17-08;,Z:0 ;PIA$S.,PR T
& 426.06 :IhgyeﬂlodFOEgla'gmgghetein said depositing further comprises the step of

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

3 mTorr.

'27.  The method of Claim 1 wherein said first precursor gas is

2 tcﬁameﬂ:;déyclotcu-asiloxane_ and said second precursor gas is cyclopentens oxide.

S28. A method_of formj'ng & multiphase, l_xltra iow dieleétric con_stant.ﬁlm compxiéing:

1

2 | |
3 positioning a substrate ina plasma enhanced chenﬁca] vapor deposmon
4 (PECVD) reactor; : ' '
6 flowing a first piecufso_r gas containing atoms of Si, C, O and H into the reactor; '
8 ﬂowmg a second precursor.gas comprising mainly organic moleculw containing
9 atoms of C and Hinto the rcactor - '

—
L~
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11 flowng a third precursor gas conprising nolecul es:
containing one Si atomand 12 reactive groups that are
sensitive to a-beamradiation into the reactor; 13 14

depositing a nmultiphase, ultra low k film ga

.- AL ek gctrisee constant of about. 2.7 15 or 6-1/975
substrate; and 16 17 curing the dep05| g%}ht\ Fl '
a-beamradiation. 1 29. The nethod of eEﬁ 2005 _

said first precursor gas is conprised of a single 2 _
nmol ecul e containing atonms of Si, C, 0 and H- 1 30. The

1ret hod Qf)w% ah.imgl%ame bd?np%@!héjmcflécﬁﬁ coRfafRfol bRe; atdRSind S

go rcllsed ) eb o CLtJ%Es contai ni ng
t o OGP} {‘f“"tf“‘%f ‘&"ﬁ" R a“r’ﬂé’ t R f A aim 28
IJurther conprising mxing said first precursor. gas

IW th  2gddesitink adeutipi€ ufG%ﬁMﬁlﬂfha@gad J@le%&cfc%&m%? about 2.7
ISI q%rsng’XIIQ aid first precursor gas with 2 CO2
r é'ﬁﬁg?t Gt and Oz. 1 33. The method of Claim

1628 wherein said first precursor gas is a siloxane

- 10Nt ai NbuRgs thédepbsited filmQvidRbedsh A%iAMR. 1 34. The. net hod
of Caim<33 wherein said siloxane is a cyclic '
‘siloxane. 1 35.. The nethod of O aim 34 wherein said

icy@Pi ¢ Biemshadef Glamgs Wherineridfirg piogumer g bsigprprized of a single

- 20 0mniesile aetaiiingla®ing afsid) Yl ayHE| Ot et r asi i oxane, -

decanet hyl cycl operit asi | oxane, 3 :

oct nethy clotctra5|loxane ' B
tet%ﬁe%@ (1A P Besfsaid, fept procursor gas is comprised of a

2heWth®Wbmouqa@mkcm& C;LO&&PLThe met hod of CI a| m
28 mhereln said first precursor gas is 2 :

tetrai I oL e i | oxane: or, :
oc%grret y'in °ﬁy°gt e r%srs { SORETSing ojxing Jeid 5t precrgersps with
22-H&.05: 12: 01 PM SSI\/P PC O 4/ '08.195 1 (P u~" FEB

2005 :
1 32 " The method of Claim 28 ﬁmheroompnmng mxmg szud ﬁmtprecursorgasmth

.2 CO; or amxxture ofCO; and O

33, T'he method of Claim 28 wherein said first precursor gas isa sxloxane containing
2 8i, C, Oand H atoms. :

1 34. Themethod of Claim 33 wherein said siloxane is a cyclic siloxane,
1 35, Themethod of Claim 34 wherein said cyclic sdoxane is selected from the gmup
2  consisting of tetramethylcycloteu'asﬂoxane, decamethylcyclopeutasﬂoxane,

3 octamethylcyclotetrasiloxane, trimethyleyclotrisiloxane and hcxamethylcyclotﬁéi_ioxaha

1 36. Themethod of Claim 28 Whaeiﬁ said first precursor gas is:
2 tettmnethquyclotetrasiloxane or octamethylcyclo(eh'asiloxane. '

32




1 37. The nmethod of Claim 28 wherein said first
precursor gas. further includes 2 -elenents of
nitrogen, fluorine or germanium 1 38. The method of
"Claim 28 wherein said second precursor_g nprises
27 SPEeCIes 1l 2 fused rings that inpart B&?{ﬁ@wos}q gH"
- strain, wherein said fused rings includes”Ti ngs L E
4, 5, 7 or nore atons. 1 39. The nethqg: pl g B 2005
wherei n said second precursor gas conprises 2
- cycl opentene: oxide. 1 40. The nethod of daim 28

wheggein ’Iﬁ@h&h&dmftﬁu@ B& WhtkehiN¥aid 3P prechrsdr gab fuRtled iludes
e. reactlve roups of said third

|
goe‘g%#?g’r"gﬁg%“ °é€%?ﬂ"‘ﬂgom the group consisting:

-3 of vinyl, ally], phenyl acetylenic and mxtures

ih 9589 of e icthod of BRITRS RRAAL Qc@dd%e@&sdé@ﬁfc&hﬁhs&%b&m of
oA B L AR B R St 9 i g o

hl | 4P1%draoteasopsi | ane, phenyl tri et boxysilane, 3
phenyltrrrnethoxy3|lane and. sil oxane containing 2°

nsat urate S.. nethod of Claim 28
bhePei n sé"gg‘%fl R mpzrjsév Wgor&"?s’?df"ec‘gsé’f%aéﬁna’"f“omthe |
-2 gw@eqsntenmsmtu ng of silanes and sil oxanes, each -
containing vinyl, allyl, phenyl, or -3 acetylenic

| %r_ DS 1R X ESe UABEE Ola s sl 1Gs DELIRHL Bl re;ure

er-el n sal precursor ggs IS se
% r R Prectiye ey sté’dﬁtg"ldﬁef"ﬁﬁ”&? argiselepted dromy e sxqup 83%‘3‘?&%
Jeaohvigyhnilg) phienyd) acetgatic and ixthrdsyhekrea ar bon . AMK 3 =

D : groups: 1 44. The nethod of O aim 28 wherein said
' third precu s selet fromthe u
o congl s%ngd%?doﬁ(?ung BHa == %dﬁ%ﬁ%‘"ﬁé%’dﬁe&c@;&'&m

2c oBtouR Wﬂﬁmmvelﬂm’aFﬂWW% pitrictheryriiang PEn@tirtheistsdangr -
3t 1 plehgtiaehoxysiBde adiviRNRE Sotkiling? nsaturattdgrps; 12=0 PM
SSMP. - PCTWO 4i 0811 Ago/ 2e FEB-2'q. : \

_ 42.  Themethod of Claim 28 wherein said third precursor gas is selocted from the
2 group consisting of silancs and siloxanes, cach containing vinyl, allyl, phenyl, or
3 acetylenic groups, and mixtures thereof. S

1 43,  The method of Claim 28 wherein said third precursor gas is Sclected from the _
2 growp consxstmg of silanes and siloxanes, cach containing unsaturated hydrocarbon o

groups:

1 44, Themethod of Claim 28 wherein said third precursor gas is selected from the
2 group consisting of bifunctional organic molecules containing more than one

3 unsaturated C-C double or triple bond.
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1 45. The method of O aim 28 wherein said third
precursor gas is selected fromthe. 2 group
consi sting of 1, 3-butadi ene, 1, 4-pentadiene,

1, 5- hcxadi ene, nocyclic 3 blfunctlo C n
2-17hiseyelivesspt f uncti onal nol ecul es. @%r@t’tﬁo %éizg[g’
Claim 28 further conprising heat tr a
- multiphase, ultra 2 lowk film afte‘?@@g&@?u on.
"47. The nethod of Caim4.6 wherein said heat treat i-rer
is an annealing step 2 perforned at a tenperature of
rot 45es sThelwetho® 60UAiM@B wiertin said thied precdrsorfgasis sdletad fromdth 5
3 QS -corsisfiis of-fbﬂ)uﬁ@tn{éoﬁ&&fnm@c@' 3-8 8 rn?dcpchéa' d

steps 2 wherein

- Bﬁg W‘&gtreatl n?ﬁ‘g‘ﬁt’{% ﬁ‘&ﬁf@&‘l’lm e@liSenperat ure of

| ess than SOOCfora first 3 time period, and in a

secgnd ﬁe&maab@ctautmﬂn&et%},ﬁ&gg& RediBIRAY, dm.se Qtra

greatgr th 300C for a second tine perio said
ecBHE f)eé’f’f”b% is longer than the first time 5
period. 1 49. The method of daim 48 wher e| n the

ﬁﬁcﬁpd ﬂemfeﬂﬁebf @@m‘ﬁ vi?:t:rcxh%@ﬁeat]&ﬁ t d tggn
e first tine he ne 0 o a| m
\Aﬁ“fel BarTR 3%“ %srtpf’é’gb%‘t% f’ #2521 r-om

_32 dpwet 350C to about 450C for a t| me perl od of from.
about | mnute to about 300 3 mnutes. 1 51 The

od .gqf. D.r Or,.i S o
| BV e e 0 il B S sl ol B2 4 o Bone,
: | @theF insafirst s{5p g fijmnis hested ¢an tprapeeatus? of lapthaniQ0% fora fott o
;;‘% 32 swmbpériodtand inlasedondxedp)befimdbipated eae@aﬁmmgmmm 800
: : 4C "@oo"@?‘# a@w&ﬁ&n@%ﬂﬁeﬂldtsgﬁnd ttme?ba?&iq %\tﬁanatﬂéjﬁxﬁ ,%.QD
eI ect rode bet vveen about 1 cmand . about 10 can 4

AI\/ENISED-SHEET -' '2- 17-05; 12:Q, PtA, S-SWP PCT/. o
0819,51, 27 | Q ~u5 1 FEB 2005 1 53. The net hod of

1Cl ¢8.m Fhe ﬁmdwcxmmnm debbad s:heﬁmed is a:palstym Hﬂwﬁ RF |
2 p oiﬁﬁéer IhQn the first time period. '

I ~50. . ’I’he method of Claim 28 wherem curing is petformed at a temperature of ftom -
2 about 350°C to about 450°C for a time period of from about 1 minute to about 300
mmutcs

1. 51 _ The method'of_CIaim 30 wherein said PECVD reacter is a parallel plate reachor - |

I 52.  The method of Claim 51 whercm said paraliel plate reactor, haslan aréa ofa
2  substrate chuck between about 300 cm and about 800 cm? and a gap betwem the .
substrate and a top electrode between about 1 cm and about 10 am.

a4



2 an electrode of said parallel plate reactor. 1 54.
The nmethod of Claim 28 wherein said depositing further
conprises the steps of 2 setting a tenperature for
sai d substrate at between about 25C and ut 400G,

2= .13\/‘:,901”% sﬁisg%ngTﬁ RF ptr)]vvgr ?egsr ty 1‘2!3 X@m Oo 4/0’_%&29«5. 27
C e method o aim \g) 005

depositing further conprises the ste setting
flow rates for said first precursor gas at. between :
about 5 seem and about 1000 3 scorn. 1 56. The nethod

of 4 ai TheBethiddar Elatin Stafinthetl@ppssidg thegstdpuf dpplying € 8Fpov s &S
Eh egtpodg é}g‘gg&% t;&grw rates of said second
we

precursor gas en about 5 and about 50,000 3
'scem 1 57. The method of Claim 28 wherein said
depmasi t TiRgndthod ohElkincaBMheiemesd ddpesithigdpthafcomisedbe stepgot:

| ok &t 85 Qfeurs
ébout %; seem ang:J S;Iaf)out gbg&%mg%géeaﬁwbﬁhwe%d
%ets%esz“srw'gWéM%‘A’m deposi ting further

conprises the step of 2 setting a pressure for. said

PB@D r@@%cﬁfod %C]Bﬁtﬁ%g@rﬂ Meﬁégm sé mlﬂep

mlrorr alm 28 wh

?s aﬁﬁ“ﬁ% qngrmtmfgmwgigg Plﬁﬁgsor gas gtbetween aboutq'b sccm and about %O%I n

% etsecnret hyl cycl ot et rasi | oxane and sai d second
precursor gas is cycl opent ene oxi de. 1 60. A met hod

of for S ul t W Iectrrcfrlm '
Doty | PR B AR St ad ooyl e Bl b
2 septingriop 2atePPaid BN precugspr gap g batwggnabopt 5 gy ahout 50,089 FES
3200&m4. positioning a substrate in a plasma enhanced

chemi cal vapor deposition 5 (PECVD) reactor,

1" 57. The method of Claim 28 wherein said depositing farther comprises the step of
setting flow rates of said third precursor gas at between about 5 scenr and about 1,000

scenL.
.. 1 58 - The method of Claim 28 wherein said depositing further compris&é the step of
2 setting a pressure for said PECVD reactor at between about 50 mTorr and about 5000

3  mTom.

1 .59. ° The method of Claim 28 wherein said first precursor gas is '
2 tetramethylcyclotetrasiloxane and said second precursor gas is cyclopentene oxide.

1" 60. A method of forming a multiphase, ultra low dielectric film comprising the steps
2 of ' : ' '
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6 7 flowing a first précursor gas containing atons of -

Si, C 0 and Hinto the reactor, 89f|ovv|ngasecond
pr ecursor as conpri si ng nol ecul es cont ai ni ng one Si
atom 10 and reactive groups that are sensitive to

:-vabeamr-adisat ion i nto the reactor; @tm
" deposi'ting a nmultiphase, uItranwk 1o |41g@8 95

® 227 27

dielectric constant of about 2.7 13 S t
substrate; and 14. 15 curing the derbggﬂég fr(a]-an‘lv?BrfUU

a-beamradiation. 1 61. The method of O aim 60 wherein
~ sai d fir pdsitiotifgasubarateqnsplistia exhagred cheslical fvapor depositlon- 2

%‘l:@?)'c%&ogi ning atons of Si, C, 0 and H 1 62. The
|m60 wherein said. first precursor gas -

% con‘prrsed of a 2 mixture of nolccules containing.
at ons of ﬂcﬁhngﬁrst@re&ﬁd:rbhs cdntdiddng aldi offB O,ABlandH ifdb Hielreabibl;
fgurther conprising mxing said first precursor gas
with 2 Re. 1 64. The method of Caim60 further .
Sonpr i si HFiIHEacEerRRd PaGCHrsOr RS ceprFing aplesyss cpadning qnp Si sgom
1007 amT redctive gtbups thatale s&idtivaso@-beim radiatn intd here&mirh od of

& aim 60 wherein said first precursor gas is a
O and H at ons.

srloxane cont ai ni.n
Hhe. net Hisersigps ﬂﬂ%lﬂ%r%“mmw&hh%a dgl%&%?ﬁ%mr %f about2.7 .

13y cbiless on tho mamsteate; ai@6’ 4MENDED SHEET Pt *L6 01 ‘FEB 2005
i%- 67. The nmethod of C aim64 wherein said. cycl ic

AR AR iR 2 o o o

decanethylcyclopenta3|onane 3
- octenret h]ié ﬁbfﬁddcbk‘etaﬁﬂﬁo wiR¥e@A8id first precursor gas is compnsed of a smgle

: %“&Iﬁ Ju]&? dobesid QX%”Su%'E’
exanet tr| Si xane
1  62.. Themethod of Claxm 60 wherein said first precutsor gas is oompnsed ofa =~
2 mixture of mo!ecu!w contmmng nt_oms of 8i,C,0and H. . '
) 63. The method of Claim 60 ﬁuther compnsmg mixing said ﬁrst precursor gas thh
2 He. ' : ' :

. 64. The method of Claim 60 further comprising mixing said first precursor gas wﬂh
T2 CO; oranuxmreofCOza.ndOz ' '

1 65 The method of Claim 60 wherein saxd ﬁxstprecmsorgas is a siloxane containing- ..

2 _.Sl C, O and H atoms.

1 66. The method of Claim 65 wherein said siloxane is a cyclic siloxane, -
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1 68. The method of O aim 60 wherein said first
_precursor gas is 2 tetrarnethylcyclotetrasi]oxane or
oct anet hyl cycl otetrasil oxane. 1 69. The net hod of

Cl ai m 60 wherein said first precursor g ) r "
2-1-1o0GkL WORSssm2 €l ements of nitrogen, fluor mfwﬁ 4/ 08 295
. germanium 1 70. The nethod of C aim60 V@a@ag’{ 82005'

reactive groups of said second precurso

selected fromthe gr oup consisting of silanes and ~—
si | oxanes containing vinyl, 3 allyl, phenyl or

ac etsy |l e mhe MGthOEFC] i @4 wbeﬁmxaeiscywmﬂmﬂm stlectdd frofiitbe group

gEt con xslrng oge%mt@%m%ﬁgp?uﬁ Wﬁﬁ%g &Eaﬁfb%éor gas

IS a Si Xane .se m t he” group consli Stl ng of -
Vi ngttanethylopeltoteasilorpas, mﬁ*P‘PX’%FPFﬁé’B‘WGWs’] exagisthyleyplotrisiloxane.

vi nyl tri nmet hoxysi | ane, aIIyItrletboxyS|Iane

phegyl t l:thgt h x%sfldm 1ra;ﬁlmtt e&g{,&g}g& | ane and

sl
Si | Oxane "€BAt al ni ng unsat ur at e rou S. 1 72.
Th etemq%tfy@?te'{a%xme 06?)7%?@?"@5(4?‘% 6’“’?% r d pr ecur sor

gas i.s selected fromthe 2 group consisting of

P' féb”Ct w&%Lm%r&emg%me &%E,@%r&aamgbﬁmrn@.uwan

unsat urate e or triple bond. 1 73.:
?fheelmﬁeﬁmtsvsef@ﬂmeeoewgﬁ n said third precursor
. gas is sel ected fromthe Aft 2 group consisting of

i, 3pbut n@&ﬁ)d ot chmP@REIS0E reac:’t-xvggraﬁﬁ( 8khig Meond precursor '

nonoeyc bi functi onal ecul and bi cyc
£ T st BB P e g S o SR S eEPE o

¥ ursiijierhenyd ppacktylenig erbiera pndmpivtates theyeofai d nul t i phase,

ultra 2 | ow k- filmafter deposition. 37 AMENDED SHE' . -

’ P I
 BagloogmepryRe SRR o G taita flono g s ofor s
: %eaﬁomtthwwpr?gwrsgn%ﬂf vigitrishpryEns clripepxyfidiGed at a

K § eWpﬂmmoayaﬂﬁnmluh@@systlhamhéﬁmﬂfomﬂaqt i‘me period of -
At ph&@ﬁ&m&o&ﬁnlame and siloxane contammg 2 unsatumted groups, '

1 .

1. 72.. . Themethod of'Claim 60 wher'ein'said thlrd precursor gas is ;elected fromthe .
2 'grou_p_ consisting of bifunctional organic molecules containing more than one '

3 unsaturated C-C double or triple Mnd.

_ _ 1 73. The methqd of Claim 60 whercin'siid third pre,'éursor gas is selected from the -
. @ ' 2 - group consisting of 1,3-butadiens, 1,4-pentadicne, 1,5-hexadiene, monocyclic

3 bifunctional molecules ead bicyclie bifimctional molecules.

| S 74 The method of Claim 60 further comprising heat treating said multiphase, ultra
2 lowk ﬁlm after deposition.
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'\
3,

?

3 hours. 1 76. The nethod of C aim 74 wherein said
heatlngtreatlngls performed in two steps, 2.
wherein in a first step the filmis heated to a
tenperature of less. than 300C fora first . 3 time

2-v7-penk-edp:saidd in a second step, the f||

tenperature of greater than 4 300C for, %?t
said second tinme period is | g Ugch Ihtegg 2005

peri od,

first tinme - 5 period. 1 77. The mathod of daim76
wherein the second tine perlod is at least 10 tinmes 2
| ontfer  Thamethdlef Claing14 whierein spié heabtleatig iy 8. anifalingistsp hod of

Q hePioBfid WAL chnirdSrinbidess BiaPRI0¢ Ol Phderidd Je QTR 0EUT €
from 2 about 350C to about 450C for a tine period

?Jf BoMSm about 1 minute to about 300 3 minutes. 1 79,

The nmet hod of C aim 60 wherein said PECVD reactor is a

parﬁl | erndthof of QRE Alwhereik &mm m@f&faeﬁ, mmezg

b Csetiing Breaile Hn st e st o U b AN S0l

BOGimeperiodatnd ire sgenpd Hept, the 6im s heuted B eamxanm«e'memmt op

£ a6icatie sBRLYBE A Wid decdnBtiRE Serid®R Wnget hak b firkt 1fde -

The t hod of Cla|m79 further conpri sing the step of

sapﬁfrﬁl g a RF power to .2 an electrode of said

?

paral lel... plate reactor. 1 82. The nmethod of Claim®60 - .

xv\/n e7.ei mxsmedod&m&hbs WBerdipihl BRénd ERHEPEH0S RSt lelIL104RPS -

et| erature for sald substrate at
be O\R)éeértflsué g’fsg%d’ a‘Eﬁd3 about 400C;, and 3 setting a RF

power density from0.05 to 4.0 WenR2. 38 AMENDED
ISHEET Zhé thethfd of ICRiH) 60 Widei: Gy iPferformdett aQ8eriitniure of b5

2_ OéboEéBo%QQ%oh $8oc SNBikEeAbe Bbm Bod! MThfile Wl%u?&dé sai d
’g‘wltl ng further conprises the step of setting .

"4t es for said first precursor gas at betvveen
about 5 stem and about 1000 :

1 . _79. “The method of Claim 60 wherein saxd PECVD reactor is a para]lel plate reactor.

1 80. The method of Claim 79 wherein said parallel plate reactor has an area ofa
substrate chuck between about 300 cm® and about 800 cm?, and a gap between the
3 subsirate and a top electrodc between about l cra and about- lQ cm.

1 ~ Bl. . The method of Claim 79 further compnsmg the step of applying a RF power to

. .2 anelectrode of smd parallel plate reactor.

1 82.  Themethod of Claim 60 wherein said depositing further comprises the steps of:
2  setting a tempcrature for- saxd substrate at between about 25°C and about 400°C and
3 setting a RF power density from 0.05 to 4.0 W/cm?, '
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3 stem 1 84. The nethod of C aim60 wherein said
depositing further conprises the step of 2 setting
flow rates of said second precursor gas at between
about 5 sccm and about 100 3 stem 1 85. The nethod

2 9f - oW msB0 wher ei n -said depositing pqu oma’rﬂﬁei 95

the step.of 2 setting a pressure fo

reactor at between about 50 niforr anﬁ{Wtu 5002)1 HB 2005
|

mforr. .1 86. The nethod of C aim 60 n sald step
of curing the deposited filmwith e- 2 beam radiation
is geer f Ghemethddof Slaim 6Lrukeredrsaid depomitng furtier Snprises the sten ¢fod

?f Sk Hﬁ@%&f@o@ (24 BrsSidchksct bRt Qhwdd iiolss A aidapas idoed

0- 2 beamradiation is perfornmed using an
&l ei“t“Pon energy between about 1 keV and about 3 100
kev. 1.. 88. The method of Caim 60 wherein said step.

pf &U“ Rg, &%&a@?@ﬁﬁa &meian Sl Wirb e f&m@&mpmﬁmastem
|1 S er orne usli n an | ect ron ener vveen %Fouﬁﬂo
%evemﬂ%’aﬁs °f3=etd SegoRdapCurior g “‘b"w@g %‘?é’t‘ 2 %0

- Whekeh.n said step of curl ng the dep03|t.ed f dm.W|th e-
2 beamradi ation is perfor med using a dose. of electron.
radiation bet ween ut 50 a t 5000
I o, Fiegreaind of Gugrsd g st fraehise NP RPRa-L R ch
. ameku& gpesgire @umd@%@@p@bww abgut $8 i arhang abopt 1984 m
4 adi@d on-is performed using a dose of electron
radi ati on between about 100 and 3 about 2000
m croCurielcn2. 39 ~ AMENDED
. ISHBET 4The npthod of Glgimi6p pﬁmsmmwéamwhﬁm%%@ﬂw&*
3 F i IbBantradiRtioh 56 pegoritle® i vaduuBenviramdat.and H, said film
gt having a-dielectric constant of about 2.4 of [ess,
'nan03| zed pores or voids, an elastic nmpdul us_of GPa-

" 8y o dibemethod o Clti 8 Bhestin S oprung e ngm =

Zs abdim radiation is performed using an electron energy between about 1 ch and about
3 100 keV.

‘1. 88.  Themethod of Claim 60 wherein said step of curing the deposited film with e-
2 beam radiation is performed usingan electron energy between about 2 keV and about 30
.3 keV. ' Lo

o 89,  The method of Claim 60 wherein said step of curing the deposited film withe- .
: @ .2 beam radxatxon is performed usmg a dose of electron radiation between about 50 and
3 about 5000 lmcroCune/cm '

90. . The method of Claim 60 wherein said step of curing the deposited film with e
2 beam radiation is performed using a dose of electron radiation between about 100 and

about 2000 microCurie/cm?.
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el asti c nodul us and hardness are neasured by

nanoi ndenati on, and said f i49m conprising from0.1 to
10% of tetrahedral Si-O bonds. 92. A multiphase, ultra
low k filmhaving a dielectric constant of about 2.2

910r lfeffultiphase) aitra ek Rdidetis fillicomprising atonss ofSiN0OH D ail H,
i,s..fromabout 3 GPa or greater, and a ha[daess from
saig Sl haymng @slesmcgpeﬁwrof aboyt .4 phless, RanRsrcH pores @Y voids, an

ela?l’i‘{ dRRRus3SeS Gﬁa&l"g}]%%epya Bﬁféﬁlbﬁd HduP'0.7 i3] o'ia%@atcr said

m conprising fromo0.7 to 1OA)0 tetrahe
elab@dsodtgas anfl ehardhess paras Bicasired eyl eandinddériationf ami adard film

91 .wher.ei n i r .void a pore dianeter
cogprifing o 18 08 U aBeBlsar SEO MR e o 0 Ga The
92ul tA plaidase ltfadowdfikn ﬁa\hﬁg 8 ildciidtdhktanhef a';bolilt 2 aidd less,
filmhas a first phase of hydr ogenat ed oxi di z

nangsyzed POresQrendsanesiasic m “@G—!ﬁ fran apawt ks O@reater and a
hardn&Rdfrbiyl Ebcﬁlt C(pya(tiﬁzptdry @ﬁgﬁdsﬁgjga‘é&g %ocﬁfﬂ% ahd |leRRless are

anot her ase consi st o H atons. 95
measured by nammndrnamru and smd ddmypomginisipgdiorh @asto W% of tetrahedral
@él) Ehase, ultra low k filmof Cam91 or daim?92.

e electronic structure of Caim95 wherein said

93.mul The hadephast, tultta lodwk Kilthidf 0laiht9 Bwhemiresdi®péres of voids have
i nt([ial evel i eI ctric of an_jnterconnect structure.

a pgre. digipgtepp Pt &3 fq 2hoyt %5 BRIOHELSTEY 05 wherein said

94.mul trhhaaRp hd&%lﬁa'lew K ffiinl 67 Cla¥m@ 1CReRin Jhifif HIR Hﬁh a first
barri er of an interconnect wiring structure. 98. The

phask of & hydiogerated exidized sifican edrboromatgnial (SiGOER icansisting of Si, C,

O LSBTk Sl L e oy oy o

C and Hﬁtoms

95.  An electronic structure comprising at least a multiphase, ultra low k film of
Claim 91 or Claim 92.

96.  The electronic structure of Claim 95 wherein said multiphase, ultra low k film
is an interlevel or intralevel dielectric of an interconnect structure.

97.  The electronic structure of Claim 95 wherein said multiphase, ultra low k film
is a cap or diffusion barrier of an interconnect wiring structure.

98.  The electronic structure of Claim 95 wherein said multiphase, ultra low k film

is amask or a polish stop layer for an interconnect structure.
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