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09/938,949 to Alfred Gill, et al., entitled "An Inproved Method for
Fabricating an Utralow D eI ectric 15 Constant Material as an Intral evel or

Interlevel Dielectric in gNSﬁLnI&% B BIEL eé’rﬁi(:c ng 1‘ed August 24,
2001, which is a conti A F+—oF , ion Ser. No.
09/ 769, 0 to Alfred @& L‘{‘sﬁmlfé':L é.S.A ..T : ng 9l"?fe\l ectric
Constant Material as aRIEL Ec in a

Sem conduct or Device and El ect roni c Device Containing the Sanme" and filed
January 25, 2001, which clains the beneflt of a U S. 20 Provi sional
Application Ser. No. GROYSREIFREN @RENTED ABPBY- ATEONEt ri ¢ Const ant
Material as an Intral evel or I nterl evel Dielectric in a Sem conduct or

Devi ce and Device WMade" and filed October 25, 2000. BACKGROUND OF THE

| NVENTI G0 ZBheTgredent appllicdtionlisla obntinhatidniu et oOPCT gpphicaiaio. US0e/S083

generally relates . to nmet faqr ricati i el rlc terlal t hat
has an ul tra?néwe‘z ‘éT‘BBPIP' Eyg/gﬂ?gafﬁf e@lﬂpaﬁ.‘ﬁ& I@W—q §§i aPﬁer ewith
and an 30 el paieianA$ AR BMt416/cf OR tbriYvBIdD R 16t can A Sérﬁl%ﬁdu@mmeieé afiled YT €
particularly, the present invention relates to a nethod for fabricating a
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and filed August 24, 2001, which is a continuation in part of U.S. patent application Ser.

No. 09/769,089 to Alfred Grill, et al., entitled “An Ultralow Dielectric Constant Material

as an Intralevel or Interlevel Dielectric in a Semiconductor Device and Electronic Device
Containing the Same” and filed January 25, 2001, which claims the benefit of a U.S.

20  Provisional Application Ser. No. 60/243,169, entitled "An Ultralow Dielectric Constant
Material as an Intralevel or Interlevel Dielectric in a Semiconductor Device and Device
Made" and filed October 25, 2000.

BACKGROUND OF THE INVENTION

25

Technical Field of the Invention

The present invention generally relates to a method for fabricating a dielectric material
that has an ultralow dielectric constant (or ultralow-k) associated therewith and an

30 electronic device containing such a dielectric material. More particularly, the present
invention relates to a method for fabricating a thermally stable ultralow-k film for use as

an intralevel or interlevel dielectric in an ultra-large-scale integration (“ULSI”) back-end-



Description of the Prior Art 5 The continuous shrinking in dinmensions of
el ectronic devices utilized in ULSI circuits in recent years has resulted
i n increasongotdogsisesi stance of the BEOL netal lization aETwske03a$9183

i ncreasing the capacitance of the intralayer and interlayer dielectric.
This conbi ned effect increases signal delays in ULSI electronic devices. In
order to inprove the 10 switching performance of future ULSI circuits, |ow
di el ectric constant (k) insulators and particularly those with k
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tenperat ures above 300350C. Integfgﬁmﬂﬁ_ﬁiﬂfﬁégééﬁdleIectrlcs in ULSI chips
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these dielectrics are rendered useless during integration.

The low-k materials that have been considered for applications in ULSI devices include

20  polymers containing Si, C, O and H, such as methylsiloxane, methylsilsesquioxanes, and
other organic and inorganic polymers. For instance, a paper (N. Hacker et al. "Properties
of new low dielectric constant spin-on silicon oxide based dielectrics." Mat. Res. Soc.
Symp. Proc. 476 (1997): 25) described materials that appear to satisfy the thermal
stability requirement, even though some of these materials propagate cracks easily when

25  reaching thicknesses needed for integration in the interconnect structure when films are
prepared by a spin-on technique. Furthermore, the precursor materials are high cost and
prohibitive for use in mass production. In contrast to this, most of the fabrication steps of
very-large-scale-integration (“VLSI”) and ULSI chips are carried out by plasma
enhanced chemical or physical vapor deposition techniques. The ability to fabricate a

30  low-k material by a plasma enhanced chemical vapor deposition (“PECVD”) technique

using readily available processing equipment will simplify the material’s integration in
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t he manufacturing process, reduce manufacturing cost, and create |ess
hazar dous waste. A co-pending application (Hydrogenated Oxidized Silicon
Car bon Mawerzo@i/a01845S. Serial No. 09/107,567, filed on Pamasi@3/0ia98)
assigned to the common assignee of the present invention and incorporated
herein by reference inits entirety, described an ultralow 5 dielectric
constant material, consisting of Si, C 0 and H atons, having a dielectric
constant not nore than 3.6, and exhibiting very | ow crack propagation
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In view of the foregoing, there is a continued need for developing a dielectric material

that has a dielectric constant of not more than about 2.6 and inhibits cracking.

20 SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a method for fabricating an
ultralow dielectric constant material having a dielectric constant of not more than about
2.6. More preferably, the dielectric constant for the ultralow-k material is in a range of
25  about 1.6 to about 2.6, and most preferably, the dielectric constant is in a range of about
1.8 to about 2.2. It should be noted that all dielectric constants are relative to a vacuum

unless otherwise specified.
It is another object of the present invention to provide a method for fabricating an

30  ultralow dielectric constant material comprising Si, C, O and H atoms from a mixture of

at least two precursors, wherein a first precursor is selected from molecules with ring
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selected fromthe group consisting of nolecules with ring structures. It is
yet anot her object of the present invention to provide a thermally stable
ul t ral ow Wwodbelmetisi c constant material conprising Si, EcT@Sand/oHiand
havi ng a coval ently bonded tri-dinensional network structure, which
conprises at least the follow ng covalent bonds Si-O Si-C, Si-H CHand
C-Cbonds. It is noted that the inventive material is not polyneric, but
instead it conprises a randomtri-dinensional (i.e., three dinensional)
struct ur e hastiustpres compaisingtSieOHspmponants andeesieeond mgmmr islad drganicmaletwlet her

obj ect of theleocgeﬁsf?nlxt'e%gunrﬁéoﬁgfﬁn%oﬁ*ngo\{écgfeglwiﬁe or fabricating an

ul tral ow di el ric con pﬁ asma enhanced
chem cal vapor deposition ("PECVD') reactor. 15 It |s yet a further object

of the present i nven |onto ovi de an i nproved thod for fabricating an
ul tral ow di eff &Y ?‘&Oté?fr??ieﬁh? r@?*in&nvﬁ‘%ﬁ%‘éﬁ@gqvﬂ‘im hermaily gtable ultralost r at e

in the pyesgaearietottht a{ateﬁ%o%%s% silded ﬁMH'aﬁHh%h@chHlénﬂz%B&edOf the
deposited film as well as stabil |2|n%the asma W thin the PECVD reactor.

20 It is andrihdimengipeat netyfork simchire fdveh qompased ab heasighe fadlpivieg eovatentauds or
fabricating gny 4jl¢rglipw e\;ﬁ:a%h%cé%o dS0R éﬁ[};glﬂg%%tﬂ%ﬁh%nn@%la%%l isof! ectronic

structures as an|n’tr erlev ectrrc in
back- end- of -fidgméria)bu(ihBEAd it Jorprises & mndemttrislimersianak(i.cl thrésdipehsiomd) her

object of th esent inyent rovide a thermally stable ultralow 25
dielectric csglﬁl§{“§?1]i’avr‘?¥taé¥ th?ﬁ’é?goﬁﬁcolvﬁlﬁf“iw 8¥nal stresses and a
di el ectrigc constant of not higher than about 2.6. Mire preferably, the

dielectric constant for the ultralowk material is in a range of about 1.6
to about 2. dtfofurthersabigs ef be arspept inversion teipevids emetpd fardebrictingam  range

of about 1. %lﬁﬁloﬁ&&ctgc g?ns?égt filln inS S}%ﬁ'dliel %cﬂlgﬁ{a SARhAREd cﬁgmlf:zﬁ% es e nt

invention to provide an electronic ruct U Incorporating layers

i nsul ati ng ndepesitiah € PEEVIDIY ratktevel or int erI evel dielectrics in a back- -4
WO 2004/ 001815 PCT/ US2003/019183 end-of-the-line ( BEOL") wiring structure
in which at least two of the layers of insulating materials conprise an

ul tral owsdi dt 8ofet & urthenstjadiiof theatpedskedtlin@htibi & o eide at improved method for

fabricating an ultralow dielectric constant material by depositing a film on a substrate in
the presence of CO, or CO; and O,, thereby improving uniformity of the deposited film

as well as stabilizing the plasma within the PECVD reactor.

20 It is another object of the present invention to provide a method for fabricating an
ultralow dielectric constant material for use in electronic structures as an intralevel or

interlevel dielectric in a back-end-of-the-line (“BEOL”) interconnect structure.

It is yet another object of the present invention to provide a thermally stable ultralow

25  dielectric constant material that has low internal stresses and a dielectric constant of not
higher than about 2.6. More preferably, the dielectric constant for the ultralow-k material
is in a range of about 1.6 to about 2.6 and, most preferably, the dielectric constant is in a

range of about 1.8 to about 2.2.

30 It is still another object of the present invention to provide an electronic structure

incorporating layers of insulating materials as intralevel or interlevel dielectrics in a back-
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invention. It is yet a further object of the present invention to provide
an electronic structure, which 5 has |layers of the inventive ultral ow

di el ectriwoconsasis material as intral evel or interlevelPCTdiSedosmiyBES in a
back-end-of-the-line ("BEOL") wiring structure and which further contains
at least one dielectric cap layer as a reactive ion etch ("R E") mask
polish stop or a diffusion barrier. 10 In accordance with the present
invention, there is provided a nethod for fabricating a thermally stable
di el ectric netdeofithe-link GBEQRIS’) avimmg stmttm)imwlilish atdedt twaf the lagerd ofl at ons  and
that has a co Ientl nded tri net we e _conpri sing
5006 - o Mt mheP R Rl ap YO R B i SR RESR | evel o
nanopor osi t yinvdit®n. d| electric material may further opti onal ly include F and
N and have Si ~atons, at |east 15 partially substituted be/ Ge. Additi onaIIy,

the di el ect ritds yehpdwither obiggt of heepreserigueTbinn (1 Proytsis dB glecironyc slaiciiseRVush o
preferreds enbRdhRfthd fﬁ‘%erﬁix/%'uﬁﬁ‘idw Qlef@frﬁ:rdoﬂétarh%at&ar@éfn't ebél%& 1nt&Pé1(¥§f sts

essentially of Si, C O, H. present 1 nvention provi des a
method for digleetriesin ari@ckﬁed@f @heémer( I&E@ht)ewmg Stsyctm@amd whg:hefuﬂharst

Compr 1 31 ng A e AetRic (b iy 2 e g8 Sk R B BB .0

| east a thira gpdiffasiosbarrigas conprising Ge in a plasma enhanced chem cal
vapor deposition ("PECVD') reactor. The present invention yet further
provides for mxing the first precursor gas with C02, or mxing the first

and second Rra@edHSRE vEMSRS prebdnhinGbRicANtheRas ioweafaxn&ﬁ&pﬂot fablibdinkhe plasma
in the PECVD reactor _and inproving t he unlformty of the dielectric film

deposi t ed onthemeallysiablediglectriqmatepal tbﬁté@é AMATHY eqTpEFn g € O#mdtfhétp%r ovi des
an el ectroni &d%ﬁ?{t%ﬁg HE(?V éntl? bon& rﬁgﬁ qnﬁﬂ‘?étwgﬁ%tru!:tgy £oth % ' ng
a eve

materials as Intraleve nter ectrics use of-
the-1ine ("BEGQi'H, QvtranddC Qmudbmmendwmﬂrlmmmgtahatqnmsldvatofmgncvm@[tyalThean be
t he ul tral ow.

there is pr o@?ﬁ‘étfﬁl Ig{gﬁ%ﬁhgﬁe%ﬁt@% ‘Ir%{g gléf ’inl%ldg talﬁg Irh%'%%‘aag?ﬁs a F%I gF g\t/v
di el ectrisc casdlgrsubstithied By Gér WiditiohallyG eHgdliélsdti@niatefiasth@pBave aboMbsliyng a
plasma -5 V\D %ec? rA{égo r?gf\%%r I?r?g/pye ezrge%sén?b]b%l]iggnt the dielectric material has a matrix that
consists essentially of Si, C, O, and H. The present invention further provides a method
for fabricating the dielectric material by reacting a first precursor gas comprising atoms
of Si, C, O, and H, a second precursor gas comprising atoms of C, H, and optionally O, F
20  and N and optionally at least a third precursor gas comprising Ge in a plasma enhanced
chemical vapor deposition (“PECVD”) reactor. The present invention yet further
provides for mixing the first precursor gas with CO,, or mixing the first and second
precursor gases with CO, and O,, thereby stabilizing the plasma in the PECVD reactor
and improving the uniformity of the dielectric film deposited on the substrate. The
25  present invention still further provides an electronic structure (i.e., substrate) that has
layers of insulating materials as intralevel or interlevel dielectrics used in a back-end-of-
the-line (“BEOL”) wiring structure, wherein the insulating material can be the ultralow-k

film of present invention.

30 Ina preferred embodiment, there is provided a method for fabricating a thermally stable

ultralow dielectric constant (ultralow-k) film comprising the steps of: providing a plasma

-5-



enhanced chem cal vapor deposition ("PECVD') reactor; positioning an
electronic structure (i.e., substrate) in the reactor; flowing a first

pr ecur sorwgasodoomgasi sing atons of Si, C, 0, and H i nt oPChaSc@aniass3

flow ng a second precursor gas mxture conprising atons of C, H and
optionally O, F and Ninto the reactor; optionally flowwng a third 5
precursor gas conprising Ge; and depositing an ultralowk filmon the
substrate. The depositing step nay be perforned in the presence of CO2 or
C2 and 02. @ﬁxaﬁmda;hbmicatmor dépositiop(@ECVIDT) réastosqioeititoaithgfan@}ennmiiecul es
with ring struc sco Si 1., conponents such as

7t ot r et ny EFRIFG S SHEsE iHde FfRASHgE R gtesn Sy mirisiee S8 At
precursor mag;, @eoaﬂqdlﬂ&ﬁﬂlﬂﬁarﬁmt(ﬁflﬂb\ﬁmg@s@é‘drﬁq)rédh@d& bhanikfir@ Eamptistgnsi st i ng
of ol ecul es with ring structures preferabl with nore than one ring

present in t¥emssf ectliaad optignatly &) Fyang, Ts?lelﬂtﬂtheéqaém&@é’ép’é%wéwwﬁh@ f used
rings, ats!egst.Qp eém@%ﬂsnul tagag&guﬁggﬁhﬁmawmm nl%sglﬁ)%gt@' e oxygen.

O these speC| es, ose that 1 nclude a ring of
si ze t hat |n¢ra>|osmngstgpmfaybamrfmmg isthepresenaganf€lGy or dhgsed 6F. Brediaralztly,athe)rrs

d/ 7 ttracti b f 15 cl
o compoundstRHETRE i I B BlebyBL i S o et BB SIE O chor or -
" C5H80") . Th@)nﬁﬂlinélds PichGY 11 SIS, Mastrdaeetydyebilctfasionge ((MTMETEYsH | de or any

ot her react, conprising a source Ge. Optionally, the dep05| ted film of
the present iGihetdyn- ﬁ’ﬁSB@“H@&%CU{SP%‘QP%H%‘%Oféal?ént(%%ﬁ}?rsﬁleﬁﬁe‘é smthet | ess
than aboyy 394 f:d?fsmﬁn%bﬂ%o]l%@lﬂbmltpﬁnéhrdcﬁﬁf&t pﬁs@&%ly Qw%ﬁn&@ Wan ond g et hod
may further co rise the ste roviding a parall pl ate reactor whi ch

has a condw@mbméh@mbﬁm §mt lav@efelh@r@lspmwewmﬁlse@msmﬂeaaMeabout

100 o, and, @GRl PRI PRI GRS HRRILRLE, BNLA CRMGL SRLLOUR Rgiveen abou

1 cm and about enc 0 one of the
el ect rodes aduitable lamqhemcﬂyat hm:ﬂmkamr@mfum@?ohalﬁnm s&igmlﬁ@hﬂhlﬂig stfainyidmely

Optionally, an additional uenc oyer, can be plied ooeof t he
el ectrodes. Oﬁ 8f4taF°é%ﬁa}nﬁyvr % o %IX‘PS %F&B@@Hﬁﬁﬂ@tganﬂn grs ota

t enper at1y e ¢gs ofteifsuntifRdbvaLAWxRRG S, QuctPasl dytRberterlBR xRS (FOPOBRd t hen at
a tenperature not | ower. t han about 380C for a second tine period, the

second time ‘PeFe@d- Hdrdrd eeepssor mayds fomredrirems genmang hydridesa anyreiders ec ond
time period ARYaRodpridifgstorAyt, 10 tinmes the first 30 tinme period.

Optionally, the deposited film of the present invention can be heat treated at a

20  temperature of not less than about 300°C for a time period of at least about 0.25 hour.
The method may further comprise the step of providing a parallel plate reactor, which has
a conductive area of a substrate chuck between about 300 cm” and about 700 cm?, and a
gap between the substrate and a top electrode between about 1 cm and about 10 cm. A
high frequency RF power is applied to one of the electrodes at a frequency between about

25 12 MHZ and about 15 MHZ. Optionally, an additional low frequency power can be
applied to one of the electrodes. The heat-treating step may further be conducted at a
temperature not higher than about 300°C for a first time period and then at a temperature
not lower than about 380°C for a second time period, the second time period being longer
than the first time period. The second time period may be at least about 10 times the first

30 time period.



-6 WD 2004/001815 PCT/ US2003/ 019183 The deposition step for the ultral ow
dielectric constant filmof the present invention may further conprise the
st eps of .weeba/mgsishe substrate tenperature at between @boais2@8C1a8sl about
400C; setting the high frequency RF power density at between about 0.05
Wcn2 and about 2.0 WcnR; setting the first precursor flow rate at

bet ween about 5 sccm and 5 about 1000 sccm setting the flowrate of the
second precursor between about 5 sccmand about 1000 sccm setting the
react or presShe épasition e s dheulbalfowakeleatiocinstt fithoof tha prksers roahtiQy
mlorr; and setting the hi bet ween about 15 W and

i gh frequency RF power k
Rbout’ 500 W b GG hedieps T Ao Ba e Ulra csmBEre by EEn Aot do 1o2tdhe
pl asma  bet wagnt Alpogt semqgvfﬁaﬁ@ga&quénc?w ﬁ%e%&ﬁit%ﬁﬁbe@@é@%ﬁ)ht\’(ﬁoﬁw&nm the
substrate chuck 10 is chaaged y a factor of X, the RF power applied to the

substrate chanskebpet 20 SYcmhizngiad thedystpreqieion flowfraty at beiwagnabiont 5 gacarasdr ed
embodi mery , e{;]t!&%{ fodo%cé]a;q;os‘éhﬂlgc}h@ﬂé‘{?wé’gfﬁaé’% &ﬁ@%ﬁ%@%bx"&t@&&é‘b&&% W g 11 M
conprising the steps of. providing a paralle ate type chem cal vapor
deposi ti on dibut HPOtsoem] fettinghhsrepdtasprasseretan n pesmnt betpesi aboandthmTarr and

pr e- processe r a sybst.rate,chuck whi has conductiv rea of

bet ween aboﬁ%ogg%)%grﬁ%%@naﬁﬁth%@l £" (11 4 P‘?I‘Y%i%ﬁf"ﬁﬁné %}’édgﬁ’gf‘%gen t he
waf er and a fweRt oWt IGiRNABE W 8RB EEquEnGHANG ntWeladdddo R plhdn@iM NY @
first precursor gas conpr|S|gg cyclic siloxane nolecules into the reactor;

flowi ng at |RehgecnabericiOnty audabeit30P WyaWheb Hisrqonilyeiive prga st thesabsteisichycky t h

ring 20 ru; i | el-ﬂ;}agtgx, : L g sor
gas conpﬂ s:ﬁﬁgﬂégéd gﬂglféégderg)ggg %}} ng an %Ia?élg%g\?v-ﬂ% S?pﬁft?rd?%%lu:cﬁies a\(/ﬂ\s/aog%l?%é?he
deposi ti ng shyepfaptmyobX. perforned in presence of CO2 or CO2 and 02. The

process may further conprise the step of heat- treating the filmafter the
deposition step at a tenperature of not |ess than about 300C for at |east

about 0.25 hlﬁwhotha:fc}ﬁe&f’reﬁ eﬁaﬁocﬂﬁ&mﬁ‘, thetdie pro@zmmrailﬁahc]gdwﬁr ﬁdbﬁb%tﬁfg aan%xlraymg a RF
25 power to t waf er.. The heat-treafing st may further be conducted at a
t enper at ur e %?ﬁn FURPTSIREEF Stepsef: a%tsienmlfegplaae type dhemyicalywanox AeRpditiond t hen

at a tenper abaé thathal PMEhHa eﬁﬂ%ﬂ&n"i’éﬂﬂ%siﬁ%}?g%%{‘e-ﬁo%&?s@&i\ga&g ot AGiRd, the

second tine period being |onger than the I'rs peri od. Th% second
time period gk whichthas eeendugibenareaid betwaes abos 3P0 eyt and ahout 700 cm” and

maintaining a gap between the wafer and a top electrode between about 1 cm and about
10 cm; flowing a first precursor gas comprising cyclic siloxane molecules into the
reactor; flowing at least a second precursor gas comprising organic molecules with ring

20  structures including C, H and O atoms; flowing a third precursor gas comprising Ge; and
depositing an ultralow-k film on the wafer. The depositing step may be performed in
presence of CO; or CO; and O,. The process may further comprise the step of heat-
treating the film after the deposition step at a temperature of not less than about 300°C
for at least about 0.25 hour. The process may further comprise the step of applying a RF

25  power to the wafer. The heat-treating step may further be conducted at a temperature of
not higher than about 300°C for a first time period and then at a temperature not lower
than about 380°C for a second time period, the second time period being longer than the
first time period. The second time period may be at least about 10 times the first time
period.

30



period. 30 -7 WO 2004/ 001815 PCT/ US2003/019183 The cyclic sil oxane
precursor utilized can be tetranethyl cyclotetrasil oxane ("TMCTS") and the
or gani ¢ pvecw4goisisan be cycl opent ene oxide ("CPO'). Thecuapse®soiass st ep
for the ultralowk filmmay further conprise the steps of. setting the
waf er tenperature at between about 25C and about 400C, setting a RF power
density at between about 0.05 5 WcnR2 and about 2.0 WcnR; setting the flow
rate of the cyclic sil oxane between about 5 seem and about 1000 sccm
setting the Thovyctiatiboxahe pﬂemrsmgmrhiizmi @néde wtmarethydtyokedraaidenahe 6‘Tl\wﬁ$ﬁ)and

about 1000 scc setting the fl e for the t [ ecur sor bet

Sbout 5 sectLEORE Peupr PR R b De ThE Sk BRioas Bdbueen
about 50 nlofhe ufRdbw-R I BPRARHBIRNTpHiséddistehbOBR kéthing ma&va@&naﬁdpératg& atep nmay
further conprise setting aflow 10 rati o of cyclopentene oxide to

t et r amet hyl c%WéftneﬂtbPatsﬁ oead ebeus 4p@iGasettingid Blitrogen desidy atdisdugen@baut 0.05
r ef er abl v huck
D becrnoB ROt s FRAMNC L SR g RS A

ge in power
sane factor $cm dnd abd:utIlDO@\smnh eettlpg thiedlomedteanfitloeirgamt pretirsordetvecep rabevutded a

net hod for fabricatjn 5 ther t ab uItra wk dielectric fi.lm
oot g+ g shot 1 Bod Sect SR ok ok dRle Tottnk Litebe it Pt it 5
deposi tion rgastaed 1000 echpbad sdfingthapRsdydRactPOd bbivedh Afoud Shai®ir andn a
substrate chuck that has a conductive area between_ about 300 cn? and about

700 cn2 andbest QT ey Addjapnallys the dppasiionwiepanayfHeher compriag iinggdtow
bet ween ﬁbowtauéo@epcwaﬁtee@@gae fQecithethy 1O rﬁu{;{aﬂem&&ve&%om f Lge of a

cyclic siloxane wth a cyclic 20 organic nolecule and Ge I1nto the reactor
over the wafaopt §WAj mtferablyldmpwecmto %altde(hﬁem ennducthyetargacd tmmtrautmmpk

tenperature anq)|e c*;;out gg??acg nd.pre ﬁaegcl? txﬁ%%snv\e%@bout %6%{.} Fﬂ\l#“ e

200C, at a 6t etmben m and Ao ot
keepi ng the reactor pressure at betmeen about 100 nTorr and about 5000

T oD G bS5 Y5 2. B, consi £
ul tral owsk fthlﬁmafﬂ sfblcaiPabiditleatic &i% ooxh?ﬁéiné nﬁ@teep@%r&&% b prasth | east
about 0.25 hour. The depositing nmay be perforned
enhanced chemical vapor deposition reactor of a parallel plate type; positioning a wafer
on a substrate chuck that has a conductive area between about 300 cm” and about 700
cm® and maintaining a gap between the wafer and a top electrode between about 1 cm
and about 10 cm; flowing a precursor gas mixture of a cyclic siloxane with a cyclic
20  organic molecule and Ge into the reactor over the wafer, which is kept at a temperature
between about room temperature and about 400°C and preferably between about 60°C
and about 200°C, at a total flow rate between about 25 sccm and about 500 scem while
keeping the reactor pressure at between about 100 mTorr and about 5000 mTorr;
depositing a dielectric film on the wafer under a RF power density between about 0.25
25  W/cem?® and about 0.8 W/cm?; and annealing the ultralow-k film at a temperature of not
less than about 300°C for at least about 0.25 hour. The depositing may be performed in
the presence of CO;, or CO; and O,. The inventive method may further comprise the step
of annealing the film at a temperature of not higher than about 300°C for a first time
period and then at a temperature not lower than about 380°C for a second time period,

30  wherein the second time period is longer than the first time period. The second time

period may be set at least about 10 times the first time period. The cyclic siloxane
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t he presence of CO2 or CO2 and 02. The inventive nmethod may further
conprise the step of annealing the filmat a tenperature of not higher

t han abouwo0200oigsis a first tine period and then at a temScaBOIESHOt

| ower than about 380C for a second tine period, 30 wherein the second tine
period is longer than the first tinme period. The second tinme period may be
set at |east about 10 tinmes the first tine period. The cyclic siloxane -8
WO 2004/ 001815 PCT/ US2003/019183 precursor can be

t et r anet hyl cpretwsetcaabe tetrrmathy [y AMETESi)oxamed  TMETS) L dndcthe cydiciocganjar ecur sor

can be cycl opentene oxide ("CPO')...T esent invention-is further
directed to lgrﬁagfoéffl?gﬁ%d e%@@f %ﬁlgemﬁ] ‘has layers of 5 insulating
materials as intralevel or interlevel dielectrics in a back-end-of-the-Iline

("BEOL") interconnect structure which incl udes a pre-processed
senmi - conductThrgpre%mbgwrmoe i fthendirected o anelestemi Gyirugtureywhigh hasderdtsietl in a

first 'ayser ibulbt ?%Urh if19 2 BEREVA or 1rﬁerfe'v51§%elé&ﬂ&ﬁﬂ a(?)faclgexﬂfb'ﬁtl"@rlmgnbedded in

a second ayer SU at | ng materi a I nventive tral ow k
di el ectric, ¢BEQ) midrewmnketgiradtarstwhich inoldes aspmg)r®e$se¢§e1ﬁ1 -eomdu¢tingnd 10

havmgacova ent | nd tri.-di pensjonal, .netwo structure .and a .
dielectric cob?gtfazﬁ%% gl?asr??;dmtr{sglgg? ﬂ%ﬁta!’a%n%ddﬁ(f’é], /{lrﬁt la%%r g ﬁ&?%?‘agepal’ a
i nsul ati ng nfdseregiah olﬁed)rmyctloﬁemhéddﬂﬁihﬂa Qz@ﬂidil@%er O\Mrtshlghhgmfatdhal ?ﬂt&yer 0}‘
insulating naterjal e fjrst gi Qqn .of conduct or bei.ng | ectrlca
Communi cati ORVAINVA tkFAST Kidiglogig f GOk Flectsi ompLaig i & Oging

conduct oy bepRehgd Jbovgle%t Bdﬁa@a trp&m%ﬁaﬁtne%rwsﬁﬁwré @nd 4 Elﬁecfrﬁﬂ!oﬁﬁarﬁfof
conductor and belng enbedded in a 15 th | ayer i nsul ating materi al

conpri si ng tié mane @an abeut 316 thelsesenk layieéo%l@sulat@;g mzﬁ@nad lbeing in ingignate eontact
I I i f
I nsul ating r@ﬁ?fﬂe?ﬁrftqgﬁfﬂ gf fn?ulhtmré rHBE:SalCtﬂQtﬁ I qg\{\&ntg (gf c&ﬁﬁcﬁogfo%ﬂg dl ax&tica

i nsul ati ng erial. oni ¢ struc rise a
di el ectri c camrhenieationiwtithahefirsi regloheifvm dnden ssemdmegibmyhrondﬁctmﬁmhgahl ng
mat eri al and tc?ﬁ?aﬁh'rd | ayer of uat| The e r,oni c

T et ar e mectédifea formun @i Bl g ke By 8 TR and bE s bEMIERR ¢ e 20

second | gy erthifl 1dyesett indl AhgBdteial ddmpiing (he idvehiivt JIRM6W-10diclettsid] Bt thidl
material, and a second dielectric cap |ayer on_top of the third | ayer of

i nsul ati ng naY@of gsulatmgmgieapldeing ig 1@5’@“%‘?@%@ Withdhgsegendslayes of ingukatingn
silicon oxi dgaedi! "ﬁférblé&l%ﬁlc@ﬁ'uctﬁt'elrﬁ%ﬁmrthcg)%ﬂfphﬁé Q&adeanrc%ﬁﬁ G iMafTB 1A

silicon nitride (wherein the refract nmetal "1 s sel ect
between the second layer of insulating matenal and the third layer of insulating material.

The electronic structure may further comprise a first dielectric cap layer between the
20  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.

The dielectric cap material can be selected from silicon oxide, silicon nitride, silicon
oxynitride, a refractory metal silicon nitride (wherein the refractory metal is selected

25  from the group consisting of Ta, Zr, Hf and W) silicon carbide, carbon doped oxide or
SiCOH and their hydrogenated compounds. The first and the second dielectric cap layers
may be selected from the same group of dielectric materials. The first layer of insulating
material may be silicon oxide or silicon nitride or doped varieties of these materials, such
as phosphorus silicate glass (“PSG”) or boron phosphorus silicate glass (“BPSG”). The

30 electronic structure may further include a diffusion barrier layer of a dielectric material

deposited on at least one of the second and third layers of insulating material. The
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25 fromthe group consisting of Ta, Zr, H and W silicon carbide, carbon
doped oxide or Si COH and their hydrogenated conpounds. The first and the
second diwbeocdwdotsisap | ayers may be sel ected fromthe samasgroeomi1ed
dielectric materials. The first layer of insulating material may be
silicon oxide or silicon nitride or doped varieties of these materials,
such as phosphorus silicate glass ("PSG') or boron phosphorus silicate
glass ("BPSG'). The 30 electronic structure may further include a diffusion
barrier | ayeelegfonic siuefuscmay turther ecomipxise a dighestria @dtop nf the SE@méﬂay@nef of the

second and third.l avers i na mat.eri.a V\DZO
PCT/ US2003/ 0T aie el lr‘éﬁ}ﬁlf’@gé;‘ rg%% "%therr%n e‘f’i‘ Iﬁ E’ha? g%ﬁ%t ric
on top of thaymdradhélétyt@ddlﬁhsmn b&uleﬁlayérg)nﬁaﬁ efmaﬂxelwtﬂocmlmcsmaﬁc ad

reactive ion "Rl E" hard mask and pol jsh sto er and a dielectric
di f fusi on baPtlis EIStOPé%b'«?F qlespropte Sfrﬁefuﬁﬁr@?y‘a@ftb?r&omﬁESﬁa%ast digletrigdE pol i sh

stop layey. HEH& nﬁkl@ﬁélfsﬁ%’tdb 1§§/é’r Bﬁttétf F thBYechil] fafp&G'of ﬁ%ﬁﬁﬁh ﬁla?enfa] ﬁﬁ}st
dielectric R E @ij(/d i sh-stop |ayer on top he seéond | ayer of
1

i nsul ati ng n@l@l@ﬁtil‘lalRIEéalfdlm fdseoreearri¢rdayrr gn baprad thﬂa&rlﬁmiﬁlfeﬂus polishisterr i er

| ayer on to i n

i o1 cotri o AEHaropl et A i BRSNS 0b PBer B RRERDE AL, o

i nsul ati ng nimbeatirg matenid, @d&le;eanﬂ cﬁa:ledtﬂcﬂufﬁlelodbamus]age‘r dvatop bethekepad on top
of the secon diel ectr pol i sh-s r. The ctronic s cture may
further corrp&ie}'fémﬁpﬂf%‘fsé%ﬁlra}’ ii(g‘egif lp?rﬁﬁléfu%‘fre ??E“rﬁﬁ@?rpﬁlilsf aafgéiﬁ‘ﬁﬂfl oned
above, bet wegp 1aer bhéatiel rieaterialslhsah@fionb® atdve, Behwdenlaf MhtkrlslicBliglttkic 6f and an
intral evel dielectric of ultralowk dielectric. BRI EF DESCRI PTI ON OF THE
DRAW NGS 15 WiHalopos diglsrtrig 2n® pretmlevelddieleqtag o raladdadicleg@s. of t he present
invention wll become apparent fromthe follow ng detailed description and
t he appended draw ngs in which: Figure 1 depicts the general electronic
structure of a bicyclic BREHE DESCRIPATEON QE THE DRAOWINES ¢, which is a
preferred conmpound for the second precursor. In this general 20 schematic,

t he conpound includes two rings, one of which contains an oxygen atom The
si ze oL Bac h'lfhid fhg:gbﬁag@ejeeu'smeﬂefbﬁlaud ‘adxenmge’dttﬁrtf hé}freﬂ’eﬁpﬁx&?rltﬂﬁ vfmﬂahédn&ne gr ogps
in eac cycle, in an In a preferr case of cycl opentene oxide
in = 0 and rApRasnt fr gtﬁfell &F@HEA 3%@1@@% thegpgended dravingyipetifte of an
unsat urated bicyclic ether, also

Figure 1 depicts the general electronic structure of a bicyclic ether, also known as a
oxabicyclic, which is a preferred compound for the second precursor. In this general

20  schematic, the compound includes two rings, one of which contains an oxygen atom.
The size of each ring is determined by the number of repeating methylene groups in each

cycle, m and n. In a highly preferred case of cyclopentene oxide, m =0 and n= 2.

Figure 2 depicts the general electronic structure of an unsaturated bicyclic ether, also
25  known as a unsaturated oxabicyclic, which is a preferred compound for the second
precursor. In this general schematic, the compound includes two rings, one of which
contains an oxygen atom. The size of each ring is determined by the number of repeating
methylene groups in each cycle, 1, m and n. The position of the unsaturated bond is
determined by m and n. In the example of 9-oxabicylo[6.1.0]non-4-ene, | = 0, m = 2 and
30 n=2
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25 known as a unsaturated oxabicyclic, which is a preferred conpound for
the second precursor. In this general schematic, the conpound includes two
ri ngs, orwoabombisii contains an oxygen atom The size @CTA®OD3ININGS I S
determ ned by the nunmber of repeating nethylene groups in each cycle, 1,
in and n. The position of the unsaturated bond is determned by in and n.
In the exanpl e of 9-oxabicylo[6.1.0]non-4-ene,1= 0, m= 2 and 30 n= 2. -10
WO 2004/ 001815 PCT/ US2003/019183 Figure 3 depicts a cross-sectional view
of a paral | eFigpledt depiivenirostscotiqmal videpd aipatatial plate akdnoical vap@rddporitidro t he
present invention. Figure 4 depicts Fourier TransformlInfrared ("FTIR")
spectrum obtré?ﬁ%roacic?rggﬂgéo§?e@€ﬁ%m9nﬁnl Bdeposited froma mixture of
tetramet hyl cycl otetrasil oxane ("TMCTS"') and He. Figure 5 depicts a FTIR
spectrum obtai ned fromthe inventive ultralowk material deposited froma

m xture of TIVETSAepiotich Kapeien bunstere Infidarerb(“Ha B apestyumo bidiredyrans ¢ i COH

i nvention j : .G Q!ﬂﬁ S - o ¥ f an
electron?% é@@f@ggﬁg§ﬁﬁg§ghﬁh?ﬁ%?gﬁevelgglgF&%ﬁéﬁ%éﬁ§§g§m§t%%gﬁwﬁﬁterIeve
dielectric layer of ultralowk material according to the present

i nvention. Fi qure. 7 icts an |.arged, cross-sectional view,of the
el ectronic ;ﬁgﬁrg&f{eglcbsfa getgum ﬁ@eﬁ"ﬁ‘gg&w tﬁﬁva?tbvﬁ .t qutwlbar rier
dielectric c@pobityFonPNmliARre@f TMCTSH I dYRlopEitale oxided dtdamgnél tePrésent he
present invention. Figure 8 depicts an enlarged, cross-sectional view of

t he el ect ron¥eMiOpucture of Figure 7 20 having an additional RIE hard
mask/ poljssh-stop dielectric cap layer and dielectric cap diffusion barrier
on top of the polish-stop |layer according to the present invention. Figure
9 depi cts anFigwedrdgpitts anreoksgedeabssereational eewaff ah elecladrec devaes lmvisigranct ur e of

i 8 hayj diti I har d [pQl.i sh- i el i |
T D AN e
i nvention. dotdrngkDtHopoésehtRivéaNoF THE

15  Figure 7 depicts an enlarged, cross-sectional view of the electronic structure of Figure 6
having an additional diffusion barrier dielectric cap layer on top of ultralow-k material

film according to the present invention.

Figure 8 depicts an enlarged, cross-sectional view of the electronic structure of Figure 7
20  having an additional RIE hard mask/polish-stop dielectric cap layer and dielectric cap

diffusion barrier on top of the polish-stop layer according to the present invention.

Figure 9 depicts an enlarged, cross-sectional view of the electronic structure of Figure 8
having additional RIE hard mask/polish-stop dielectric layers on top of the interlevel

25  ultralow-k material film according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE INVENTION

30  The present invention discloses a method for fabricating a thermally stable ultralow

dielectric constant film in a parallel plate plasma enhanced chemical vapor deposition
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PREFERRED ENMBODI MENTS OF THE | NVENTI ON 30 The present invention discloses a
nmet hod for fabricating a thermally stable ultralow dielectric constant
filmin avpanaddogdispl ate pl asma enhanced chem cal vapor pdepsgo0Bi00M83 - 11 WO
2004/ 001815 PCT/ US2003/019183 ("PECVD') reactor. The material disclosed in
the preferred enbodi nent contains a matrix of a hydrogenated oxidi zed
silicon carbon material (Si COH) conpri sing Si, C, 0 and Hin a covalently
bonded tri-di mensi onal network and having a dielectric constant of not
nore than abGBECYIF) repkter.nBhematghialidisclased in the profeated emmibpdipumtienhtaingay

networ k. The_5, materi al mrise: F and N and. i.onal|. aye -t he Si
atons parti a'in? Xosf‘églgafolggi?%%icqg{ga %éedsszlfcg yar Hénartﬁa agfsﬁ’ %@%F%@%rrlsé%g gl’ éggt ai ns
ol eg ul ar scaldeH woa d@va{dntlsagondedarﬁr@lirﬁéregonsi ﬂeﬁdcrﬂl@h?héviﬁél ab%tewfertoﬁhgufof 0.3
to about 50 nanoneters_ in di ter, .an nost prefer etween about 0.4
and bout 10 HATRATEIERSOPY 2t ﬁt%?ﬂa?mae/rbéve%@%@fﬁnﬂggoq%énagéﬁéwlﬁ the
constant 40 ¥aleHRSmALLMNBrREPUhd B fhd nl&io m&a%ﬂfe's%%n]gq;aﬁﬁu?ccuw a 10

Hal
vol ume of between about 0.5% and about ggf;%of a volume of the material.
More pref ersibptjituted oy Gt asoras t Fhednatema paeferablyreontams mdecalappeale Yaidslies in a

range of abo o t . di. ri
conatant | s Hobifrided eforeipefibuD 3, RO 3G AR AU EHEE hd

pr ef erabl y hasstpréfriabiressccohboo.dmmddouhEinahothetercin divaietsrsfugthel reducdigack
propagati on yel oci in ter of less th 10-9 neters per, second. Most 15
b ef erabl v, PRgeci dodsil € valies BEFSE plf P LPEPBLTESTFre@0Es OBPYdss t han
10- 10 met(er svdi@e oBBERB&h abbat (5RAHE Bbaud S0V dfal voWmie SRS Mdlelidl. Mekl e film a
specific geonetry of the deposition reactor with specific growh

condi ti ons |RyefeEbbs dhediclegtse congtankios the yligalpwek Wiy iin arange gf @oubpbiteact or, a
conductive : and
about 700 caﬁ%gawﬂﬁh&g%%gﬁg%%}gﬁl%{a %&éﬁg%%{lgg gﬁ%%%%pa%g%%% fbg%é) ﬁggt ween
about 1 cm 22adThdwentivg fdmmprefei@blydase thicleesgopfl notthotegharhb3 snitremetteand n
accordance wth L hre Eggra sent i{ r}ven&i %gl tthe Ebb ra* ow di el ect) S const ant
filmis forned2frEIPEAHRL VAo P &ty oflesy Brn 10 mojerspen seopd Moty “such as
TNCTS anid a mefeaibll, peefiitr 56k craock ipedpapstiodrvecia i watabo e aitdnl 10;'° srteecpeed
fromthe groslégorfdonsi sting of nolecules with ring structures, such as

To produce an ultralow-k thermally stable film, a specific geometry of the deposition
reactor with specific growth conditions is necessary. For instance, in the parallel plate

20 reactor, a conductive area of the substrate chuck should be between about 300 cm? and
about 700 cm?, with a gap between the substrate and a top electrode between about 1 cm
and about 10 cm. A RF power is applied to the substrate. In accordance with the present
invention, the ultralow dielectric constant film is formed from a gas mixture of a cyclic
siloxane precursor such as TMCTS and a second precursor, which is an organic

25  molecule, selected from the group consisting of molecules with ring structures, such as
cyclopentene oxide, in a specifically configured reaction reactor under specific reaction
conditions. A third precursor comprising Ge may optionally be used to form the gas
mixture from which the ultralow dielectric constant film is formed, thereby partially
substituting Si atoms with atoms Ge atoms.

30
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cycl opentene oxide, in a specifically configured reaction reactor under
specific reaction conditions. A third precursor conprising Ge may

opti onal Iwyohleoumesisto formthe gas mxture from which wrlg/uskeosalass
dielectric constant filmis formed, thereby partially substituting Si
atonms with atoms Ge atons. 30 -12 WD 2004/ 001815 PCT/ US2003/ 019183 In
accordance w th anot her enbodi nent of the present invention, the ultral ow
dielectric constant filmmy be forned in presence of CO2 or CO2 and 02.
The | ow di elleacedrdance gnthtaanthef ¢mlmd®flerttI@éth@m@@minvmemth@nltr@l@w didﬁ@trier be

heat treated at re not | ess 0 ast about
0.25 hour to P&ta{aﬂttgn%n;ﬁ %‘?%Irm lrnl%rest%%es(f&tf@ Or@ %% thr Ovﬁgl C¥eat nment
st ep, rr;)l ec Ldo@stbﬁt&gﬁmﬂtﬁbe ptegdntd/ﬁﬂeﬁtmmaﬁ hetieebolnat ﬁéaftfmﬁt&aémgastufd)rot lgas

m xture) conprising.carbon an ogen a opt y oxygen atons nay
thermal |y dgrgerhﬁwg %@fﬁh %?% E@Jr.tmqsiugﬁﬁilﬁﬁaﬁlecm@eﬁrfl@s Diiingh ar e
rel eased s f rigoHeRGrdatrhdht st%]?trhél@&hé ﬁagxﬁéa‘{té Jik@i've&’?r‘éﬁﬂ tﬁ@g@:ﬁﬁd ?Jecd/rﬁ’dr%%s gy occur

inthe filmby the process of conversion and release of the nolecule
fragments. T&ae nfikiure) gemprisipg Farbernans hydmegde endepsteaal lyTorey gen aloamaynvent i on

provi des a4 Wﬁ&lﬁaaﬂgfd%o gg%%&g){ B‘%Q%%%ﬁ'n f hiielBS) gw]’l‘ley\}vhf’cﬁ‘m%"}felegée lectric

constant, i. s sui tal intégration in
a BECL wi rifign stierfilat. uDgtionbiy, durtiee tlevehdpinyent diwidii rabyeedcns @ thofilst Byithef or t he

inventive ultral onwsk 15 fil range of . about 6.f0 ,about 2.6 and,
oot pr of er dEPGSS EERERE [deab g AP e e SR AE5GuEs B9 ¢ o
about 2.1@ Therchépgenti ve filmcan be prepared by choosing at |east two

sui tabl e precursors and a specific conbination of processing paraneters as
described herein below. Preferably, the first precursor is selected from

20 1 ot ramet hyody SRR a R PRy s SRIAR0D o P AT bl SHARaBS, 1. 5. 5 7
oct anet hyl cyhd:ledztac rastdnt x.anwet CME‘BSOI_UQ &:&rh?cmasmlh)ole fbbmeeggaeme imh BEOLt he
Lt e eyl MU BB S AR R AR,
al t er natisng filasisiifrdn@e vhabolt Bb ky hboyt .6 pAd,(HoEE PrefGablRtthy dicleetib Ybnstant is
in a range of about 2.0 to about 2.2. The inventive film can be prepared by choosing at
least two suitable precursors and a specific combination of processing parameters as
described herein below. Preferably, the first precursor is selected from molecules with
ring structures comprising SiCOH components such as 1,3,5,7-
20  tetramethylcyclotetrasiloxane (TMCTS or C4H;604S14) or octamethylcyclotetrasiloxane
(OMCTS or CgH,404S14). More generally, the first precursor is of a class of cyclic
alkylsiloxanes comprising a ring structure including an equivalent number of Si and O
atoms bonded in an alternating fashion to which alkyl groups (such as methyl, ethyl,
propyl or higher or branched analogs as well as cyclic hydrocarbons such as cyclopropyl,
25  cyclopentyl, cyclohexyl, and higher analogs) are covalently bonded to at least one of the
silicon atoms, including the cases where all the silicon atoms have two alkyl groups
attached. Such alkyl groups may be similar or dissimilar. Additionally, the silicon atoms
of such cyclic siloxanes may be bonded to hydrogen, in which case these compounds
may be considered partially alkylated hydrosiloxanes.
30
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propyl or higher or branched anal ogs as well as cyclic hydrocarbons such as
cycl opropyl, 25 cyclopentyl, cycl ohexyl, and hi gher anal ogs) are.

coval ent lwohonesiso at | east one of the silicon atonspcirnuskadiongss he
cases where all the silicon atonms have two al kyl groups attached. Such

al kyl groups may be simlar or dissimlar. Additionally, the silicon atons
of such cyclic siloxanes nay be bonded to hydrogen, in which case these
conpounds rmay be considered partially al kyl ated hydrosil oxanes. 30 -13 WO
2004/ 001815 PETHeUSRDNBAGY9 b8® beTheses dmonargpmie owleotes maytabengG,05emdf® om

organi ¢ nol ecul es conta ont at | east
ong ring, g?”ﬁﬁ@%“?UPPQSng@%%gfP?g?@ngﬁﬁﬁuﬁﬁg?vgl @t %”ﬁ@Qﬂ?%HW% ced
to the depOSintrbam;ed edithle depdditiod rvapRfas byaﬁ@®yM@mﬁﬁn@Tt&1§M@hﬂde and
pressure. Additionall ot her atoms such as S, Si, hal ogens may be
cont ai ned i nPEETES Aﬁﬁ%‘é‘ﬂ? Hyrothgs pkom sech a5l & |Sé’rPéIhF1k¢8°W?é’ haraptabied ig fheg may

be preseny 'ﬂe&d}é‘or%&&}ﬁﬁé Ok 4difiBaRG Yhére 1ERRME hﬁklﬂa Y3ghdtknt ifth éﬁ&%?éo?s

cont ai ni ng fused rings, ?east one of whic talns a roat om
preferential xlnyleetxlygEﬁpec@llva@@lea@pm®§omtaimmgrﬁus¢d rengist a bdast (mﬁef whivhse t hat

i ncl ude a ri th ar t n cant _ring str anely rings
of 3 or 4 Bttt e IR et nOr RS inshie] b siap N, 2
menber s of athodeathat infludda m@gr@ﬁmﬁﬁh&mpmmgrﬁﬁedm ﬁng:htraﬁxs naﬁmrrgagts hesoeadi |y
avai | abl e exanpl es hese, are 0X clo[3.1. xan or cyclopentene
oxi de (bp @Q@S&F&?B Hgptoms. f%&'ié&% L ef“f)‘]“ﬁ]é‘ £r3Ak2 Blassfc| ohexene
oxi de (b :b%%guﬁ&s %%Wokmeyé:h@s RAMEME kéhd[lg avalla@ﬂe'@ﬁﬁlﬁﬁl%s &f thEs)éCérQOCt ene

oxi de (bp an 7- oxabi cycl of tane or

1, 4- epoxycyd?Gﬁ@%éﬁbﬂ%bBﬂwxéxgnﬁ%ﬂommgmﬁﬁMFQXbpﬁ@QE’357@%n@nﬁg]y, speci es
h f h
;dggtiL;afl97Bﬁ%ﬂﬂ%ﬂ%@bgﬁﬂ?hﬂeEQ%Mﬂﬁeﬁmﬁ?XﬂQS@& rllgé‘)@ﬁﬁggbﬁ%tﬁgaturatlon as

e’se ecurs ve egree o
in 9-oxabi (ﬁybn{bﬁcyﬁ:lo@q hOﬂnoﬁamrm c&dpoctenb@ﬁ(dea(bp% °®m HHy)n Hg); eahrpounds  of

th | . st t > Furth
my have addl-SrBHSEOES2 8 IRERRE il EreS Tttt aler OIS Gt . Mg "

ket ones, 15l dehydis, spedies s, fitahd Basula sHE etk Fig@t DR, beadheilised AMABIRY | des,
carbonates thiols, thioethers and the like, as in

Additionally, the second precursor may have some degree of unsaturation as in
9-oxabicylo[6.1.0]non-4-ene (bp = 195°C at 760 mm Hg) or compounds of the general
structure shown in Figure 2. Furthermore, the second precursor may have additional

20  functionalities including, but not limited to: ketones, aldehydes, amines, amides, imides,
ethers, esters, anhydrides, carbonates, thiols, thioethers and the like, as in
7-oxabicyclo[4.1.0Theptan-2-one (bp = 77°C at 15 mmHg) and
3-oxabicyclo[3.1.0Thexane-2,4-dione (bp = 100°C at 5 mmHg).

25  As stated above, the inventive film may be prepared by choosing at least two suitable
precursors. In some embodiments of the present invention, a third precursor material
comprising Ge may optionally be utilized to form the ultralow dielectric constant film. In

such an embodiment, the Ge atoms partially substitute the Si atoms in the inventive film.

30  Furthermore, the first precursor may further be mixed with CO, as a carrier gas or the

first and second precursor gases may be mixed with CO; or a mixture of CO, and O, in
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7- oxabi cycl o[ 4. 1. 0] hept an-2-one (bp = 77C at 15 mmHg) and 3 -oxabicyclo [3.
1. 0] hexane-2, 4-dione (bp = 100C at 5 mHg). 25 As stated above, the

i nvent i vewbizbowaoesisbe prepared by choosi ng at | east twoPsTiUS2a®B®19183
precursors. In sonme enbodi nents of the present invention, a third precursor
material conprising Ge may optionally be utilized to formthe ultral ow
dielectric constant film In such an enbodinent, the Ge atons partially
substitute the Si atoms in the inventive film 30 Furthernore, the first
precur sor mathePhCMiRreatter. Mheadditiontof COR tathedirgtarecussor gascapriertgdag or flier st and

second precur sQr may .be m W r.amxture of CO2 .and 02 in
22 0 booas i end TR Babue it S B PRt FeRisoRaB N on of
CO2 to the fPESVDRERLMPIGidAS stabilitinid &fecO@Bplagiha inftBe PBAVTY fefilorthdCO2 or a
m xture of CO2 and 02 to the first and second precursors in the PECVD

reactor proviREeves theumsiormizy afhe filre depestedpmibrgubsiraten VM isedbiief and
i mproves 4 hey, H%H;?gi"rg: andl s&;on% BRechisbi? € RSt &% CO) nidYeSHig bt 85 ééhﬁtgycgg 'S

adm xed 5 wit rst and second precursors, thé anmount o
from about 2dbostl¥0tsecm,zipdumorg pederaldy fomeabdund} scprte ko DY séeroriVadout 50

sccrn to abo 5 cm en .a. mxture of nd 02 is m xed wth the
first and se%%xﬁlgggﬁgcﬁfa%%&hfs atd%éx%nvgh}h{hegf“ a%ec§%‘g%?ggs?§§'3}q%@n?‘fné about
25 sccm t 0 abOwadriedmay befranchbohie? sasrbmnd atedut 0200 sudni and thamyodaeof ®om about
0.5 sccmto 50 .sccm e preferably, the anount of is 10 from about 50
sccmto aboldmEEy IE%%_D%?I‘B a&’ﬂ‘g Oaﬁiﬁﬁ%‘ttoép SepEn.| W?Hﬁfe%ﬁtthelar%‘&’é‘h?ff%@ Kbout
30 sccmiAs Aot BORE@Y fFabdut ST Rbh@hd MeahRull GISHE gofAdbesth sk cal

vapor deposition ("PECVD) reactor 10 is the type used for processing 200

mm waf ers. TaeuiHhssem. 15 di ameter, X, of the reactor 10 is approximately 13
inches, while its height, Y, is approximately 8.5 inches. The di aneter of
substrate chuck 12 is approximtely 10.8 inches. Reactant gases are

i nt roduced iAs shomado Figurel®) patatlolyg) hte plagas edhanced thetriicah vapoatiepos{tio&BDP") 16

I R T e TN T U T
power 2015 s dtmeeXe6f ©d réaetocDl isldpprodinablyi 13 igtHes twhikdtsi¢ighi sykat ed from
reactor 10, and substrate chuck ) )
approximately 8.5 inches. The diameter of substrate chuck 12 is approximately 10.8
inches. Reactant gases are introduced into reactor 10 through a gas distribution plate
(“GDP”) 16 that is spaced apart from substrate chuck 12 by a gap Z of about 1 inch, and
are exhausted out of reactor 10 through a 3-inch exhaust port 18. RF power 20 is
20  connected to GDP 16, which is electrically insulated from reactor 10, and substrate chuck
12 is grounded. For practical purposes, all other parts of the reactor are grounded. In a
different embodiment, RF power 20 can be connected to substrate chuck 12 and
transmitted to substrate 22. In this case, the substrate acquires a negative bias, whose
value is dependent on the reactor geometry and plasma parameters. In another
25 embodiment, more than one electrical power supply can be used. For instance, two
power supplies can operate at the same RF frequency, or one may operate at a low
frequency and one at a high frequency. The two power supplies may be connected 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 during
30  deposition of the low-k films are RF power, precursor mixture and flow rate, pressure in

reactor, and substrate temperature.
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12 is grounded. For practical purposes, all other parts of the reactor are
grounded. In a different enbodi nent, RF power 20 can be connected to
substr at evohoetooiisand transmtted to substrate 22. | nPCHitS20a®e9183 he
substrate acquires a negative bias, whose value is dependent on the
reactor geonetry and plasma paraneters. In another 25 enbodi nent, nore than
one el ectrical power supply can be used. For instance, two power supplies
can operate at the same RF frequency, or one nay operate at a | ow
frequency and one at a high frequency. The two power supplies may be

connected both,. to,fhe s el ectrode jor..to .separate el ectrodes. |In another
ebodi ment . DR BER OB, P g B iR ot g

deposi tion. fk@EsRSendPetifibhyR Fosdtinglid §Hliddbh RACBOwlRPDSiotd thitkadss bhe | ow k
films are RF power, precursor nixture and flow rate, pressure in _reactor,

and substrat%WﬁéwﬁéPaﬁﬂ@h@Wyﬂ%oﬁﬁﬁ@@ﬂ@ﬂﬁﬂﬁéﬁﬁnP@ﬁFGSZB@B$@@@EB§“de?F%ces

24 of I eag! of tihPedtie BRalERRRH oe sl ASKIA I MR G BBsRh pRlmg OF

i nstance, one speciflTc type of coating Is applied on react 4 to a
t hi ckness of Thestemperaturgwi the hetest Wafer ¢chpgle carftrodothe suhgtratetenpesdtutehat may be
used on substrate chuck 12 is 5 a thin coating of alum na or other

i nsul ator resistant to etching with an oxygen plasma. The tenperature of

t he heat ed wafaetorddnice kheqradenpinserition, shitbise fiadt @nd esepd prieturéors kil ecifedance
the present invention, suitable first and second precursors and specific

combi nati on YRGB OE PGS ISIAMSILS deserdh 1 aboye dresparieved suchuihal g e d

such thatp t hgventQe uIME-k VRatéthdl hRp@ed greﬂ@my o8 pRERPAEREENULEEST Bfala¥out
conprises: between about 5 and about 40 atom c percent of Si; between about

5 and about 4hatemismcrcepericinketyeen@bopicl sndakont 4 itpstrent3g Gibefween fer cent
of 0; and b & \ﬁeaﬁgut%oa%m'%%e%@gt oef@ Yhd g%w%&?mo%t P(?Iir?deaﬂ)toupﬁ atg}nic]p?r -gnteofma' n
process vari abl es COntrol e urirng a deposition process for a M are the
RF power, tHe flow rates of the first, second and optionally third
precursors, flowrate of C02, or flowrates of CO2 and 02, the reactor
pressure and the substrate tenperature. Provided herein bel ow are several

exanpl es] of Tenagh praeBsstfaribblesTonttolléd dirih@ adlebbdifidn prOERS Br9Im are the RF
tetramet hyl Cgo%slze(r),tt}?é trlgxfl iralltgsx gfntﬁe %r-l;,'t\,/[s:-erc%)nd %]d o&io%%ﬁ)? Phird%rrgc%?srofs? Elov%%gtle (())? entene

CO,, or flow rates of CO, and O,, the reactor pressure and the substrate temperature.

Provided herein below are several examples of deposition of films utilizing a first

precursor tetramethylcyclotetrasiloxane (TMCTS) and a second precursor cyclopentene

20 oxide (“CPO”), as well as deposition of films in presence of CO, or CO; and O,,

according to the present invention. In the examples 1-2, the TMCTS precursor vapors

were transported into the reactor by using He as a carrier gas, while in the examples 3,

the TMCTS was transported by a liquid delivery system. In the examples 5-7, the

TMCTS precursor vapors were transported into the reactor using CO; as a carrier gas,

25  whilein the example 8, the TMCTS was transported by a liquid delivery system.
Optionally, the films were heat treated at 400°C after deposition to reduce k.

It should be emphasized that the fabrication method according to the present invention is
only possible by utilizing a deposition reactor that has a specific geometry with uniquely
30  defined growth conditions. When a reactor of different geometry is used under the

defined growth conditions, the films produced may not achieve the ultralow dielectric
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20 oxide ("CPO'), as well as deposition of filns in presence of CO2 or CO2
and 02, according to the present invention. In the exanples 1-2, the TMCTS
pr ecur sorwoapewm®isider e transported into the reactor by esTn$2068/08888
carrier gas, while in the exanples 3, the TMCTS was transported by a
liquid delivery system In the exanples 5-7, the TMCTS precursor vapors
were transported into the reactor using CO2 as a carrier gas, 25 while in
the exanple 8, the TMCTS was transported by a liquid delivery system
Optional |y, ¢dnstahi. |Fog instanee, tteeaparal teb platedreator40Gntdiag t@the gegserstiin veotion shonkduce

k. It shoul d_be enphasi,zed, that .t ricatio t hod . acc ingto.the

o esent i et eah A O G bR o B oo RTao D aRa B a0 PR By s ha
has a speci f prefegyrbitivigenbolit 001 difednd ab3@ 606 tinheThggp\Hebwaanil dubstise anthen a
reactor of different geonetry is used under the defined growh conditions,
the films pribgsesdisHRYHRIats o ten glestirdeyistietyesiabrw ! 8t fdcaboutyld) qpgyand

2004/ 001845 REEriRPO0RLAIRBLESL 5 ANRIIABbu A ARHRNGRis ipRPBALLPIneD! at e

reactor according to the present invention shoul have "an area of the
substrat e chelekrodes Batiwguencalbsineeg@bow iz MiH4 andahaut THY IEA@nd arederaly ef er abl y

bet ween abou d T et t he bstrate and
the gas di stérqoggﬁ'%mt%%?gﬁ%wg%g\éﬁg%ﬁ %&sz?ﬁé’w%re%aﬁgﬁonéi@&lﬁ %Ilpﬁlce%a nd
about 10 cm tharan&elpetride aatie\R bpiweegor taieuippdsife ebattradht alpouter density o0 RF
power is appli eg o pne of the electrodes at a frequency between about 12
MHZ and abouf % , and preferably at about 13.56 MHZ. A | ow frequency,
bel ow 1 iz, power can optionally be applied at the same el ectrode as the
RF power, or to the opposite electrode at a power density of O to 0.3
Wecn2. 10 ThEhaidgpesitien ennditionsiptilized araalsq ¢ritisal taeaabde & suceessful dmplementaieibl e a
successful i At f LEd.Q0 - - ' t he
present invent #gﬂ&%&g&ﬁ?%é:%sgﬁg%o?ﬁgg\;\ﬁg@gﬁésgg%ﬁgﬁ%&g@? g%’\%/g%%&about 25C
and about 326@perande pitefveccatabyut@s °Candetmut XG0 andgSerabty athetrecR@BEItI S

Lol B ARASho PSRRI PELPSERIRNE SR MLGHE, % ottt
utilizedis A apeact.aW/ceisnt pasferably ®etfced MoS0i25 Wrinlaad a0 018 W/eaf 6 and
about 1000 utilized. A reactant gas flow rate of TMCTS is between about 5 sccm and about 1000
scem, and preferably between about 25 sccm and about 200 scem is utilized. A reactant
gas flow rate of CPO between about 5 sccm and about 1000 sccm, and preferably
between about 10 sccm and about 120 scem is utilized. A reactant gas flow rate of Ge is
20  between about 5 sccm and 1000 scem, and preferably between about 5 sccm and about 50
sccm. A total reactant gas flow rate of TMCTS-CO,, where CO; is used as a carrier gas
is from about 25 sccm to about 1000 scem, flow rates for CO, and O, mixture are
respectively from about 25 sccm to 1000 scem for CO, and from about 0.5 sccm to about
50 sccm for O, and flow rate for CO; from about 15 sccm to about 1000 sccm. A total
25  reactant gas flow rate of TMCTS-CO,, where CO, is used as a carrier gas is preferably
from about 50 sccm to 500 scem , flow rates for CO, and O, mixture are preferably
respectively from about 50 sccm to about 500 sccm for CO, and from about 1 scem to
about 30 sccm for O,, and flow rate for CO, preferably is from about 50 scem to about
500 scem. Reactor pressure during the deposition process between about 50 mTorr and

30  about 5000 mTorr, and preferably between about 100 mTorr and about 3000 mTorr is

utilized.

-17-



sccm and preferably between about 25 sccm and about 200 sccmis utilized.
A reactant gas flow rate of CPO between about 5 sccm and about 1000 sccm
and pref evakbydoegsideen about 10 sccm and about 120 sccmprcs/ustooBiorads A
reactant gas flowrate of Ge is 20 between about 5 scem and 1000 sccm and
preferably between about 5 scem and about 50 sccm A total reactant gas
flowrate of TMCTS-C02, where CO2 is used as a carrier gas is from about
25 sccmto about 1000 sccm flow rates for CO2 and 02 m xture are
respectively fromabout 25 sccmto 1000 sccmfor CO2 and from about 0.5

b S 0 d fl f f b 15
about 2000 sl HIABE Bt s SanlEinhe T e s i St heRens duitor o' oo

i's used as aclapé fréi a0Akuelif tHYrehgRs bl denfaborn 30 et ahdatse M0 @nS 09l Sledit |
flowrates for CO2 and 02 m xture are preferably_ respectively from about
50 sccmto aB§RE BRysT By & dactesy Xcmpmdha previpshspefiad Stevialy a chBegainde scem

for 02, and fLourmhatehsirat chitdk vy Lfasborbl ma.cﬁe{ngmmggap ﬁ&w%mggs about

500 sccm Reactor pressure during thé deposition process betweeff about 50
mlorr and 30diatsbutiosple® and thersubsinatt ghuek by abictorbhtfoee thatipreviouslp epecifedr  and

about 3000 ni¥ory. is .utilized, - 0044001815 PCT/ US2Q03/ 019183 |t
shoul d be no gi(’jbet %g?c’%édc‘ﬁgﬁggha}nﬁ%t% H\é@%cr%(ga%fl ]tﬁ%g%su@% ?ai“‘tsce)%@hg@a by a
factor, X ipreviously sgdetiege Iff & multBtatiah depokifioh AactoazgRed) dieeedofahosibsB40 cn

and about 700_.cn2, wll _ cha t he R r.by a factor, X _fromthat

r evi ous! y ST P8 mé}ﬁ%@?@gstmts C_Ewgﬁgwerﬂq%@mﬁ o fscgaie rtiielost rat e
chuck byia f@ahiiual depo@ifiéh fatdi2NGotdingly QotdPow? BiERR tdtHS AP inptli Rithé but i on
pl ate and the substrate chuck by a factor, Z, fromthat previously

speci fied, RR¢tPr ase makindied By adotal number ebdangeitionystatigng dnsise thyracton t he gas
flowrates fromthat previously specified. If a nmultistation deposition
reactor is used, the area of the substrate refers to each individual
substrat e chllxkdepositet] idmf hrewtabdized befbret undegasgduntied értegrationgodeSsingdihe dual

deposition statj.on. Accordingl total flow rates..and total i nput to
ChaC° eact oralitihan R Sat By Pertidedin 4 btk retiBh e i DENC she sl de
t he reactor . abbae40beQds: 4 @de béridibetw@nsbatio 3 Eeds Lrf b6t 4sles, gttieng furt her

integration prqocessing. The stabilization process can be perforned in a
f ur nace- ann eséqthllrx@tlgp BYCESS camalse bgperfermgd in a rapid thermal annealing process at

temperatures above about 300°C. The dielectric constants of the films obtained
according to the present invention are lower than about 2.6. The thermal stability of the
films obtained according to the present invention in non-oxidizing ambient is up to at

20  least a temperature of about 400°C.

The electronic devices formed according to the present invention are shown in Figures 6-
9. It should be noted that the devices shown in Figures 6-9, are merely illustrated as
examples according to the present invention, while countless other devices can also be

25  formed according to the present invention.

Figure 6 depicts electronic device 30 that is built on a silicon substrate 32. On top of

silicon substrate 32, insulating material layer 34 is formed with a first region of metal 36

embedded therein. After a chemical mechanical polishing (“CMP”) process is conducted
30  on first region of metal 36, a film such as an ultralow-k film 38 is deposited on top of first

layer of insulating material 34 and first region of metal 36. First layer of insulating
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15 about 400C for a tine period between about 0.5 hours and about 4 hours.
The stabilization process can also be perfornmed in a rapid thernal
anneal i ngvproce®ssiat t enper at ures above about 300C. Thecdiusk@stndigs
constants of the filnms obtained according to the present invention are

| ower than about 2.6. The thermal stability of the filns obtained
according to the present invention in non-oxidizing anbient is up to at 20
| east a tenperature of about 400C. The el ectronic devices forned accordi ng
t o the presematerial\3dnhayoe smiteblg fiawediof sificgsxdde, 6HicOn niktides Hopddd/atieticsof ed t hat
t he devices shown in Figures 6-9 re nerely illusirated anmpl es

accor di ng t o PEHANPEALGAF amkaFpiiFple st e Dafstirlee UGNk e e 2Reed 5o
be 25 fornegl, aﬁf&&qiha%am_;;rds&s%ﬂ&%ﬂaudtm@y& 4Oy depbLited ehebeifl € RifGt SCMP

el ectronic device 30 that 'is built on a silicon substrate 32. On top of

si | i con subskipeaseosArst pomsiyrtar |aser 40is earigd ontagaspndlaysrofulrabetkiilmidast i r st
i f . ; . Af - . . | Li shi
(o) 5 0cdBsitl by STRRARSANREL EhdhhicA b RpGH CRRCIBERABLER] | PV o1 28

an ul tral ow dveflylngf38 ultsal deddint Fcandfirstapnadictdrilayst 40.] @yretucof layas4( mby ng

material 34 and fi.rst .region of tal 36. First |layer of .insulating -18 WO
2004/ 001815 PFPORISE0SH SRR SR maerish oo Rt R S T
silicon oxi dgstagdel 4 SRl dohdtitive dRped] ¥BdlhRinuRSor@bpper, R eg0nBE&4llial S, or any
ot her suitable insulating materials. Utral owk f,i?m 38 is patterned by a
phot ol i t hograpialspetasdutigds ar pgudilicangnay bgufizad Fisst geptystor distipelesirigal Af t er
a CMP pypce, igﬁgﬁ%%qﬂgqg%iggotﬁgﬁm 10 is carried out, second |ayer of
ultralowk film44 1s 5 deposite y a plasna enhanced chem cal vapor
deposition ("PECVD') process overlying first ultralowk film38 and first
conductor |ayer 40. Conductor | ayer .40 b sited of a metallic
conduct i ve reeerdreare hRlesrBYN ried Mo Py RERR Fords Mietidince, a
met al | i ¢ congduslbiviefilmlager 44 is obndakted) folloival bycodpesition prodes’d dor-the bezbhd C

material such as nitrid r polysjlicon may b tilized, First conductor 40
is in electri® VCthG“@B"r‘P_ﬁuﬁ?cé’QgPé‘?fluﬂofﬁomaV §{S°$b§ PRI O’?ﬁéihﬁia@@t.aﬁﬁ second
regi on of5 CongRilkF a ABn-nfotdl B¢ ABErialRbikBlar @ tRARLA] inldep@iHRNHE HRF B&RIRStof N

second wultralowk filmlayer 44 is conducted, followed by a deposition
process for laye 48edbasecond region of conductor 50 is in electrical communication with the first

region of conductor 40 and is embedded in the second layer of ultralow-k insulator 44.
The second layer of ultralow-k film is in intimate contact with the first layer of insulating
material 38. In this specific example, the first layer of insulating material 38, which is an

20  ultralow-k material according to the present invention, serves as an intralevel dielectric
material, while the second layer of insulating material, i.e., the ultralow-k film 44, serves
as both an intralevel and an interlevel dielectric. Based on the low dielectric constant of
the ultralow-k film, superior insulating property can be achieved by first insulating layer
38 and second insulating layer 44.

25
Figure 7 depicts electronic device 60 according to the present invention, similar to that of
electronic device 30 shown in Figure 6, but with additional dielectric cap layer 62
deposited between first insulating material layer 38 and second insulating material layer
44, Dielectric cap layer 62 can be suitably formed of a material such as silicon oxide,

30 silicon nitride, silicon oxynitride, silicon carbide, silicon carbo-oxide (SiCO), modified

ultralow-k and their hydrogenated compounds, as well as refractory metal silicon nitride,
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conductor material. Second conductor 50 may al so be deposited of either a
metallic 15 material or a non-netallic material, simlar to that used in
deposi t i nyotzbet/doisist conductor | ayer 40. The second regconsedosoomdsict or 50
is in electrical comunication with the first region of conductor 40 and
is enbedded in the second | ayer of ultralowk insulator 44. The second

| ayer of ultralowk filmis in intimate contact with the first |ayer of
insulating material 38. In this specific exanple, the first |ayer of

i nsul ating maheringhe Bactatyi rottali is select@Dtha lgtauplconsistingmt'cld, Zk, Hitent Wi.ng to t he
present inve S as,an al.evel | ectric rial, while the
second | ayer Rg‘fh%f’??g ﬁfejﬁ RIS {Si;funcglorég as aghfiusmntblag}e&}\ia_yigr ?qr PRYENINEs or ves

as both an i difugbRyelirsashdatio lay@m0aNelsesbngliRotating maBaaRRyantdientb e
dielectric constant of the ultralowk film superior insulating property

can be achi elp¥@r lsyems; sspecialiydpfodaverip4 ade?- 38 and second insul ating | ayer
44. 25 Figure 7 depicts electronic device 60 according to the present
invention, simlar to that of electronic device 30 shown in Figure 6, but
wi t h additi ofighred @pwwmecdpﬁm@c/gnb@ﬁmem@ebmwc @@{iwe"éhacmrﬂmg to tigul at i ng

material |ayer 3 insu rial e L cap
"aver 62 carBELER TSRy of BreeARlSlcerd, B S el Mi&rws ot ar il 146,
?| i c;)n ni Ei rt}hdtezé:tss elinlclcnlmaskfndm:ﬂdd e;hemdgl ﬁﬁfha@&amdcljhehmg) Ibdlﬁgﬁtop@dybﬂarlef(i de
Si CO, nodifi .ultral owk an ejr n conpounds we as
refractory el F g%ﬁ(*.lf‘é%ﬁ%%?#@&ﬂ Af? S\r@ Lt S s
wherei n fghe TiRS fuGidrof df@écﬁ’ic lhper 58 |1§€ét;ﬁ9w&$‘§1 a{d%mt Foa @Mmoeéss utTﬁzeer
Hf , and W Additional dielectric cap |ayer functions as a diffusion

barrier | ayen planeripingfiest eonsgetor lay er ) d%)h@h stpp }ayﬁr Em@d@@tdéposnta@'@fa siitablat o
| | |
second I nsu cg% eglﬁa ?%%e.%ra h a@ylﬁE%{lém% sfh%r?nﬁ qufft%xlyhﬁ'%{(gg gl nﬁ@f&?ﬁd? 01¥

into | ayers ure eprcts ano odi men
el ectronic clrél\ir(mu:le:aﬁid mdnism(h)gmodlﬁehelltrqmm\e&emﬂ tham/}glldroganated conepomads, ani ¢

device 70, t tional dielectric c . a and hat .act as an
RE mask andvehe EERURP A aRanrEds TR R eRsr et Geslsea R ufe
used. F: 1r5|st @b@% gcﬁisrsuﬁg 6802, 2YHF anlW. STlﬁQQQ&rfa@Qoleel%@tﬂc@iyef 72 itat thasul at i ng
mat eri al |ayer

ysame level as first conductor layer 40. A second dielectric layer 74 can be added on top

of second insulating material layer 44 for the same purposes.

Figure 9 depicts still another alternate embodiment of electronic device 80 according to

20  the present invention. In this alternate embodiment, an additional layer of dielectric 82 is
deposited and thus divides second insulating material layer 44 into two separate layers 84
and 86. Intralevel and interlevel dielectric layer 44, as depicted in Figure 8, is therefore
divided into interlayer dielectric layer 84 and intralevel dielectric layer 86 at the
boundary between interconnect 92 and interconnect 94, as depicted in Figure 9. An

25  additional diffusion barrier layer 96 is further deposited on top of the upper dielectric
layer 74. The additional benefits provided by this alternate embodiment of the electronic
structure 80 is that the dielectric layer 82 acts as a RIE etch stop providing superior

interconnect depth control.
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10 The function of dielectric layer 72 is to provide an end point for the
CWP process utilized in planarizing first conductor |ayer 40. Polish stop
| ayer 72 warrobwodsaposi ted of a suitable dielectric nmatecralS2esmnias
silicon oxide, silicon nitride, silicon oxynitride, silicon carbide,
silicon carbo-oxide (SiCO, nodified ultralowk and their hydrogenated
conpounds, as well as refractory netal silicon nitride, wherein the
refractory netal is selected fromthe 15 group consisting of Ta, Zr, Hf and
W The top sihdfatewnig edambles treipeeseatpdio iflnstate the fabimeatiageatehd dralowds i r st
conductor |ayer 40.,A.secon ielegtric layer .74 can.be added on top of
second insuléfeﬂacﬁgPé?P% “ﬁ%%%&“ﬁﬁwﬁgﬁmwﬂ V%@ﬁ%a W@b%?8§g”fPﬁﬁ$% 9 depicts
still anot heqdvahthgdsiiadt earebbetdhinahtherfrogsl: ect roni ¢ devi ce 80 according to 20
the present invention. In this alternate enbodi nent, an additional |ayer of
dielectric 82 is deposited and thus divides second insulating materi al
layer 44 4 ntpydnpegeparate layers 84 and 86. Intralevel and interlevel

di el ectric layer , as depicted in Figure 8, is therefore divided into
interlayer dinghisexample)aggerding4o Higard hiarvedtenie first prepared by intiodyeng 8% veafert he

boundary between int n . i g epi.ct LN Figure
9. An 25 adgﬁy?%%gﬂﬁgﬁggggg%w%ég%pgépﬁkﬁiéggggﬁ%% éﬁﬁ%ﬁ%&“ﬁ%%b?ﬁ?gg on top
of the upperwaleeprepiration prbeegse theistaferliempaddire iscaiedt abandB80tGarrthey ardexl flow t hi s

al ternat e enbodi nent of e electronic structyre iSs that_ the di.electric
e a0 acttets 05 Akghaue Loty BrachiRt f aryie Ghaiont 00 m ik AR BTt b
control .10 20h¥MBu&RA4nA0 48JR 1PCW HP20818/60 58:bAds. THRERE pdW @B theXgompi8s are

presented to illustrate the fabrication of the ultralowk dielectric film
i n accor dancowprehenemed effent i nvention as well as to denonstrate

advant ages that can be obtained therefrom 5 Exanple 1 In this exanple,
according to Figure 3, a wafer is first prepared by introducing the wafer

i nt o react orTHOIMRTS pydrussosisicarried |inte tHedreagtor npacteratsuigiHwpstahmrmga gas; Heyis ar gon

025, oot S L A S8 BEOARIS PSS S BRI S 2
pressur el of @&bardingtd thepresent infenRbn Py ddpssifed blyITast ebtdblivhthgyns lowabout 125 W
for about GOTRS/I%QF%QEI% 'an(-ir 3%035 dgs?yéﬁ rﬂo%vnrgteg g.gd grregs%?e, %g.,s at about 20 sccm of
TMCTS+He and about 6 sccm of CPO and about 100 mTorr. A RF power is then turned
on at about 15 W for a time period of about 50 minutes. The RF power and the gas flow
are then turned off. The wafer is then removed from reaction reactor 10.
20
To reduce the dielectric constant of the deposited films and to further improve their
thermal stability, i.e., to make them stable at temperatures greater than 300°C, the films
are post annealed to evaporate the volatile contents and to dimensionally stabilize the
films. The post annealing process can be carried out in an annealing furnace by the
25  following steps. The furnace is first purged for about 5 minutes (with the film samples in
a load station) with nitrogen at a flow rate of about 10 liters/minute. The film samples
are then transferred into the furnace reactor to start the post annealing cycle of heating the
films to about 280°C at a heating rate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C,

30 holding at about 400°C for about 4 hours, turning the furnace off and allowing the film
samples to cool to a temperature of below about 100°C. A suitable first holding
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flow are then turned off. The TMCTS precursor is carried into the reactor
reactor using He as a carrier gas; He is at a pressure of about 5 psig at

t he i nl etwoQoade1SiIMCTS cont ai ner. The ultralowk film PeTasc@sdingdto the
present invention can be deposited by first establishing gas flows of
TMCTS+He and CPO to desired flow rates and pressure, i.e., at about 20 sccm
of TMCTS+He and about 6 sccm of CPO and about 100 mforr. A RF power is
then turned on at about 15 Wfor a time period of about 50 m nutes. The RF
power and t hengemtirk oy babetwehe abduti B8 avkifabof3O0%@ fvatileiassuititdaisecendved from
reaction reactor 10. 20 To redyce the. diel ric.constant of the deposited
filns and tgh‘?lgﬁr‘lg%g?p?rwmeq%é’ﬁ?een R%‘Rﬁ&ﬁ%?&‘g?ﬁoil@ﬂo@a e., to make them
stable at tenperatures greater than 300C, the filns are post annealed to
evaporate the volatile contents and to dinmensionally stabilize the filns.
The post annRefulthgf the des smbedimenteare gV idésgussed in refexgiica pmiighien d andip nHigarey
the 25 fol | o : ; 11§« nS . 1N S
(wi th th? fi &8%@7%?2‘2“?%%% f‘?ioma‘z*ﬁgﬁégt?ilf;}? ?N?p?ﬁmnﬁﬁtg?%g;@h&g?@éﬁ% 1heS of
about 10 | i tspestturndisplys T bteorfgi 3110 alssoypities bandeattahewt 1100 $0kemech Sirtld; t he

furnace reactor to start th t_.an in ycle of heat] fiil to
Lhour 5806 Ao samhanprit AR 1P S S A R e aPRe 200 28aT gt f or
about 5 m nunegdl CHIeabsofifionpedks 2E4HNE29003000@nT 'atThe@élataadttenS G40 MK €HL O

about 400C, 30 hol ding at about 400C for. about ours, turning the furnace

4 h
of f and al | oWOHEs praks ag eompaged todheodi6) paak oftheipeHAHEy Be BreSHtdih about
100C. A gyi tpi€1 hibfesibeipd di ng -21 WO 2004/ 001815 PCT/ US2003/ 019183
tenperature nmay be between about 280C and about 300C, while a suitable
second hol ding tenperature may be between about 300C and about 400C.

and 5. i gur a8ute st BERCH IR ol BHREL REHSRHR Do bR Ried foistot £ um
of a typi calmBit@Sdf {TMATSFHe)+CPpaiataceurdaics plithythe gresint dRentdin: Phakbpatrpini on

band at aboui. 1000: 1100 . a Si.- absor ption peak at out 1275 cm, a
Si - H absor pt% aﬁéh%lélé(s’ g‘g(ic‘ﬂ?c’ ﬂ@‘f?égég%@‘m ef“l%?n%F ‘gg:aﬁfﬁw o Wﬁb"s?o&ﬁ%i‘g]n
peaks atsabqsak 2%08s2808e findity dihtBie CE @bdorMidnHabi gl dbo8S290D-F00E cfatis

much stronger for the ultralow-k film than for the SiCOH film shown in Figure 4. The

relative intensities of the CH, and SiCH3 peaks as compared to the SiO peak for this film
are also shown in Table 1. As particularly illustrated in Table 1, the integrated area of C-
H peak of the ultralow-k film is 40% of the Si-CHj; peak, while it is only 2% of the Si-

20  CH; peak in the SICOH film. This is a clear indication that the ultralow-k film contains a
significant amount of a secondary CHy (hydrocarbon) phase in addition to the SiICOH
phase. Another characteristic of the FTIR spectrum of the ultralow-k film is the splitting
of the Si-O peak into two peaks at about 1139 cm™ and about 1056 cm™, as particularly
illustrated in Figure 5.

25
Table 1. Relative integrated intensities of FTIR absorption peak

CH/SiO (%) SiH/SiO (%) SiCH/SiO (%)
SiCOH 2 7 5
Ultralow-k 10 0 4
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Si H and Si CH3 peaks as conpared to the Si O peak of the SiCOH filmare
presented in 10 Table 1 herein below. Figure 5 presents the FTIR spectrum
obt ai ned woanmw4zmisistral ow-k film prepared froma m xt urPeTafS2¢o3NDIISHHe) +CPO
in accordance with the present invention. The spectrum displays the Si-0O
Si -CH3, and C-H absorption peaks, as in Figure 4. However, the Si-H 15 peak
is mssing the intensity of the G H absorption band at about 2900-3000 cm1
is much stronger for the ultralowk filmthan for the SiCOH filmshown in
Figure 4. ThExampleg ive intensities of the CH and Si CH3 peaks as conpared

to the SIO .for this film_are .al sho in Tab As rticularly
i |lustrat edpﬁlﬁtELFgB?%plf’,a‘fvﬁfgr }Sr?tr%)élfegtaéggsé:@%%é’@mﬁ% L}gﬁfh(g]w aﬁ%gerﬁpelre%.{gﬁeow k
filmis 40% wekettdoabdit 3AHE. PRERKTMUEITS Ipgecuisof 1§ tigshl darribinto thé@adtbr BthgliBapeak
inthe SSCOH film This.is a clear.indication that the ultralowk film

contains a &FYHFTEas Rt IS2EBBFESWE oLAbeLH g Al theict to liedMEES Boginghade i n
addi tion 40 §1hglowt iRt aRRBARRg to MO pRA&ENt ﬁh@ﬁtﬁﬁ{c%ﬁib%}d%:%)sﬁéd Ehﬁrs{: dstABIRRAET rum

of the ultralowk filmis the splitting of the S peak into two pe€aks at
about 1139 cgasfloss@f ABYTSHdEBAERQ to desirpdflow catbsandypressie st ragaleaiit 150 Fi gur e

5. 25 Table i i I.n i e f F or pt,i-on _peak
MATERI AL CH/ F‘B%?@&g?%%?%ﬂ?%%%@?bdﬁf‘g%ﬁf 8}3 it by BB R RFIMRER 10 o
4 -22 WO 208éd Ofxiddidn dPeHGUS20 BB L0 b $ihBSperibadt afiphomt 20 hiindtés. SThe R fver and waf er
is prepared as described in anple 1, but _the wafer. tepperature is set at
hbout 300G Bh e T Ee D e T o HAfET ST GG o GOTHOL et HE e
as a cany i eind@assalddaasidesdibedirPE: ¢ of about 5 psig at the inlet to the
TMCTS container. The 5 ultralowk filmaccording to the present invention
can be deposited by first establishing gas flows of TMCTStHe and CPO to
desired rovE{%fg@ggand pressure, i.e., at about 150 sccm of TMCTS+He and

about 50 sc O and about 2000 mTorr. A RF power is
In this example, a reactor containing 6 deposition stations is used. The temperature of the

wafer chuck is set at about 350°C. The TMCTS precursor is carried into the reactor
15  using a liquid delivery system at a flow rate of at about 5 ml/min and the CPO is flown at
a rate of about 900 sccm and the pressure is stabilized at about 3000 mTorr. A total RF
power of about 600 W and a low frequency power of about 300 W are applied to the
reactor. The ultralow-k film deposition is performed on the wafer at each station with the
wafer moving to the next station after a preset time interval. The wafer is removed from
20  thereaction reactor after passing the last deposition station, and annealed as described in

Example 1.

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

25
Example 4
In this example, the deposition is performed under conditions similar to Example 1, but
the plasma 1s operated in a pulsed mode, i.e., with a duty cycle of about 50% and a
plasma-on time of about 50 msec to about 100 msec. After removal of the wafer from

30  reactor 10, the wafer with the deposited film is annealed as described in Example 1.
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then turned on at about 150 Wfor a tinme period of about 10 m nutes. The RF
power and the gas flow are then turned off. The wafer is then renoved from
t he reactwonoeemedior 10 10 and anneal ed as descri bed i RCEXS2@BA14183 Exanpl e
3 1In this exanple, a reactor containing 6 deposition stations is used. The
tenperature of the wafer chuck is set at about 350C. The TMCTS precursor
is carried into the reactor 15 using a liquid delivery systemat a flow
rate of at about 5 mM/mn and the CPOis flown at a rate of about 900 sccm
and t he preséadesciibedinghé foregethgaxamblestth8 s thiftowe preparcdhale dRffectpower of

about 600 Wand. a, l.ow frequen r.of out 300 Ware applied to the
reactor. Thegoﬁ]ISEaPtafll%mel{ %%Ioaag%upt)g;g%iagﬁutizzszerforrred on the wafer at each
station with the wafer noving to the next station after a preset tine
interval. The wafer_is renoved from 20 the reaction reactor after passing

the | ast depB¥#MPK® station, and anneal ed as described in Exanple 1. In

the foregping tﬁi&%ﬁ%ﬁ%ﬁ&:&%ﬁ&' S FIRrdR S 8 i RE phdpakd &9 mﬁt}dg\ir@%&g g{mg%er In

Exanple 4 herein be . the EI asma i's operated i n a pulse _
Exanpl e 4 | nintdwegctex Hhipraughialsat wbysolsh andpre-etshipg tiieowafecbyargen gasotmithis ons

simlar to : i £ at Ln e d i.e.,
wih a duty Yoo eRppeatbpedpi iR RREl TPl b0 Qahie B G g,
about 100 nemte is Afttae abaue 2 vain, af achieee watessurt bO#boBO 1 0E@THOr AIRF pbke ivaf er
with the depgsited filmis l.ed, as described in Exanple 1. -23 WO
2004/ 001815 BEATERSIUAPORBH 395 TALY GBORA SErn [HORF 5P SoA A aiphes. ¢ he
films tha afnewyBFeaRa Rehdda¥e dielectric constants in the range of about
1.8 to about 2.2. Exanple 5 5 In this exanple, according to Figure 3, a
wafer is first prepared by introducing the wafer into reactor 10 through a

ot cpar at i on o SR a8 B R relof el M e i i e
argon fl ow isata pressure of about 5 psig at the inlet to the TMCTS container. The ultralow-k film
according to the present invention can be deposited by first establishing gas flows of
15  TMCTS+ CO; and CPO to desired flow rates and pressure, i.e., at about 20 sccm of
TMCTS+ CO; and about 10 sccm of CPO and about 100 mTorr. A RF power is then
turned on at about 15 W for a time period of about 50 minutes. The RF power and the

gas flow are then tumed off. The wafer is then removed from reaction reactor 10.

20  To reduce the dielectric constant of the deposited films and to further improve their
thermal stability, i.e., to make them stable at temperatures greater than 300°C, the films
are post annealed to evaporate the volatile contents and to dimensionally stabilize the
films. The post annealing process can be carried out in an annealing furnace by the
following steps. The furnace is first purged for about 5 minutes (with the film samples in

25  aload station) with nitrogen at a flow rate of about 10 liters/minute. The film samples
are then transferred into the furnace reactor to start the post annealing cycle of heating the
films to about 280°C at a heating rate of about 5°C/minute, holding at about 280°C for
about 5 minutes, heating at a second heating rate of about 5°C/minute to about 400°C,
holding at about 400°C for about 4 hours, turning the furnace off and allowing the film

30  samples to cool to a temperature of below about 100°C. A suitable first holding
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rate is set at about 25 sccm to achieve a pressure of about 100 mTorr. A
RF power is then turned on to about 125 Wfor about 60 seconds. The RF
power andwoheodangsin gas 10 fl ow are then turned of f. TheCTNSI®3p1Es8dr sor is
carried into the reactor reactor using C02 as a carrier gas; CO2 is at a
pressure of about 5 psig at the inlet to the TMCTS container. The
ultralowk film according to the present invention can be deposited by
first establishing gas flows of 15 TMCTS+ CO2 and CPOto desired flow rates
and pressur etempemtyre atayé)bdmtwem abtmt AB@IC anfivbBd8-8 00CR, velnilk acdugalile d@osdcm of
CPO and abou 00 .mrorr ur ned At about 15 Wfor a
time period ?I%Iélgémp%ﬁu’fﬁrﬂ%ﬁ eél f’%ﬁ“tg’g@e? 41%]’01115@1) gas fl ow are then
turned off. The wafer is then rem)ved fromreaction reactor 10. 20 To
reduce the dielectric constant of the deposited filns and to further

i mprove t hei EXamBlyy| stability, i.e., to make them stable at tenperatures
greater tdan ile
e e e R AN R Tt
process can iseetcrbowd001E. ThvEMCa?ﬁmeeatmsnglsfﬂunnrtamdngmtth@reacftmiusm@@@z@t eps.

The furnace s f.irst rge r..abo i nut t les in
25 a | oad st a?%n&ﬁr)ga\ﬁl (fpﬁ %a? Fg‘)e:g,shurez’a ftjtbo}’l OB\?‘% t‘taﬂ'Sle g)”\fi\éti gﬁ[ﬁ\{%ﬁ C?’i?lg? Tvi nut e.
The fil m sanPhesltralos-k fin atdoadisg @rtheprebant mvtenlitﬁmfdambadepds&ampﬁrst o start the
post annealing.cycl e of_ heat] e fi I bout 800 at heating rate
of about 5C ﬁsigarl?ﬁts}é‘ng B %‘?"Fﬁj’fjai[{ﬁgtgﬁp Qrto ﬁﬁ?dt ‘ﬁ’f‘ﬁ&f“ggressr‘\‘éf‘aﬂ fng at
a secondjfeaitiaBsut 13b8c@h o APRMITSFE M) dﬂdtaﬁoﬁtWS%'@é}Htof é‘@@(&nd ap&kt dob@nAhrabout

400C for about 4 hours, turning the furnace of |l owi ng the film 30
sanmpl es to cORF mqueam@ﬁap@nmdmneat@bméﬁ%w @m@@tmqmgdomw Qpiintési fige

hol di n lg%% 1 et ween
about gSOC and aﬁgﬁé{dgg%%]sﬁlo ewgﬁg%ﬁ% %‘?e%g%g%ﬁegg eth&f%hl%a e?%ggregt ure nmay

be bet ween alsaciton3COrdicind bmmenled @9 GescibanipBxampe I.n t hi s exanpl e, a wafer
is prepared as described in Exanple 5, but the wafer tenperature is set at
about 300C. The TMCTS precursor is then carried into the reactor using CO2

as a caryi eh th@foredoity dx@mplesZhOpR&EHAIHESs Hlerabditta Snffidhsdodehth Extinglle 30 t he

TMCTS cont ai ner..
herein below, the plasma is operated in a pulsed mode.

Example 7
In this example, the deposition is performed under conditions similar to Example 5, but

20  the plasma is operated in a pulsed mode, i.e.: with a duty cycle of about 50% and a
plasma-on time of about 50 msec to about 100 msec. After removal of the wafer from

reactor 10, the wafer with the deposited film is annealed as described in Example 5.

Example 8
25 Inthis example, a reactor including 6 deposition stations is used. The temperature of the

wafer chuck is set at about 350°C. The TMCTS precursor is carried into the reactor
using a liquid delivery system at a flow rate of about 5 ml/min, the CPO being ﬂdwn ata
rate of about 250 sccm and the pressure being stabilized at about 4000 mTorr. The CO,
at a flow rate of about 5000 sccm and O; at a flow rate of about 250 sccm are admixed
30  with the gas mixture of TMCTS and CPO in the reactor. The addition of the CO, and O,

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

25.



The ultralowk filmaccording to the present invention can be deposited by
first establishing gas flows of TMCTS+ CO2 and CPO to desired flow rates
and presswoepod/ooes1is 10 at about 150 sccm of TMCTS+ CO2 aoul/tsb@aini19i83 sccm of
CPO and about 2000 mforr. A RF power is then turned on at about 150 Wfor a
time period of about 10 m nutes. The RF power and the gas flow are then
turned off. The wafer is then renoved fromthe reaction reactor 10 and
anneal ed as described in Exanple 5. 15 In the foregoi ng exanples, the

pl asma was oREmawedofiahout GOrWiandialesv fregiiency RF Brewapdfmbgut 3001V iare dppliedito t he

Gepost t1 on 1 g oy heauEilaRFR AR HR e TRETERfome® ob e bR i v ¢ e

pl asnme i s opgeaagd mdvig tpuhémitsrmﬁlﬁxaﬁer & presi tirhe ity TRy Whier Rfreabwidt 50%
and a plas on time of about 50 nsec to about 100 nmsec, After renoval of
the wafer frbem thersagteraficspassg thelasdepgsition siatiogeiddhe wafer meyrfyrthenbmeal ed

as descr 'ﬁe%dﬂtﬁnﬁ’l(}aﬁﬂlleﬁe@as pa@f&'fﬁ?iyedegcra)%d In‘[‘Ekaﬁhﬁe St@iiaBoved I €act or

i ncluding 6 deposition stations 1S used he tenperature of the wafer
chuck is set at about 350C. The TMCTS precursor is carried into the reactor
using a liqu | Y. : [ the CPO
being fl own %‘iiapggltﬂraé?él %lﬁgaz%g@ﬁ%gpé‘%%# n&r%%:lﬁ? %%e %Slr%gg%sﬁgoémeeq bvsvtkabl lized
at about 4000msT dthe filthk ebtaiGed a@brdang‘ﬂoahe pratent divesthoyire shectateiband 02 at a

flow rate of bout 0 with s.mxture of TMCTS
hng" PO i n_ tHESREAEOBInT koS S0k B e fepnaliaE PREEngt abi 1 pes
the pl asnp asdkieARoenRSliddY eBEoLQIH@rd‘o%é& Eivuctiire L vohigh isoBRalfy frEseQ@%t - 25 WO
2004/ 001815 PCT/ US2003/ 019183 ower of about 600 Wand a | ow frequency
RF power of tSE@ereiusesEinpie éboalb"rb(PQ"@d The teachiagy efihe presentiwenfianrean gvergforei | m
deposi tion 'ﬁeé&%ﬁ} M gn?ﬂrohﬂﬁn At asq}ltraqu%bm%lﬁ{e'ﬂ%ﬂeé\m&%tnéshr?bmfe%'a movi ng

to the next stati‘on Eﬁer a pre et tlime Interva er i s renoved

from the reatttbelin¢ pwressessfor logictand meastry depeossi t i on station, and the wafer
may further be 5 optionally annealed as particularly described in Exanple 5
her ei nabove. A rapid thermal annealing ("RTA") process nmay al so be used to

st abi |'i zI& ul Theah&hbdand electronic structures formed according to the present invention have

—
.

therefore been thoroughly demonstrated in the above descriptions and in the appended
drawings of Figures 1-9. It should be emphasized that the examples of the electronic
structures shown in Figures 6-9 are merely used to illustrate the inventive method that
can be applied in the fabrication of countless electronic devices.

20
While the present invention has been described in an illustrative manner, it should be
understood that the terminology used is intended to be in a nature of words of description

rather than of limitation.

25  Furthermore, while the present invention has been particularly shown and described with
respect to a preferred embodiment and several alternate embodiments, it is to be
appreciated that those skilled in the art may readily apply these teachings to other
possible variations of the present invention without departing from the spirit and scope of

the present invention.
30
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films. The filnms obtained according to the present invention, are
characterized by dielectric constants k |ess than about 2.6, and are

t her mal | ywetadmlowifior i ntegration in a 10 back-end- of -t he€iriuseoo3/0VBEEL." )

i nterconnect structure, which is normally processed at tenperatures of up
to about 400C. The teachings of the present invention can therefore be
easily adapted in producing filns as intralevel and interlevel dielectrics
i n back-end- of-the-line processes for |ogic and nenory devices. 15 The
met hod and eCEadM$hi ¢ structures forned according to the present invention
have therefore been thoroughly denonstrated in the above descriptions and
in the appended drawi ngs of Figures 1-9. It should be enphasized that the

exanpl es pof the el ect rpm@leleahwcataﬂa%orﬁ@mwg¢1an51tgw$sc€i®ancaﬂesmrel y used

to |IIustrate t he inventive nethod that ~can be applied in the fabrication
of count I%essdiglegigic mstgral B%Vﬁlg:%govabfﬂtw\h?lll@dtt%'éhfﬁ%wﬁlt netwerk srReswesad apeen
descri beds i ngigiethik lbsddr bk X pgt should be understood that the

t er m nol ogy useJ I'S |ntende In a nature of words of description

rather than of limtation. 25 Furthernnre whil e the present invention has

been partjcularly sho crl WLt h,. respect 119 ef
enbodi menlt and sever awgﬁ?glege n%gaéla%)ﬁ mg f @%in% ’t%h%%lg 8383 eé C?I?aﬁ ed that
t hose skil | eghnitanttibén afahgaﬁymrabaﬂlll.@toa:bphwﬁ hese teachi ngs to other

possi bl e variations of the present invention w thout departing fromthe
spirit and scope of the present invention. 30 -26 WD 2004/ 001815

PCT/ US20Q3/ 019183 CLA, Prﬁeéleﬂectrﬁxﬂdt&i&%dohﬁngﬁi@l%in@h &ﬁé?ﬁh'saﬁula&l&'t@éfent s of
Si, C 0and H said 2 dielectric material having a coval ently bonded

tri-di medsi civabtanids s lange fromiabew 14hie aout2 i el ectric constant of not nore
than 2.6. 1 2. The dielectric material according to Claim1, wherein said
dielectric 2 constant is in a range fromabout 1.6 to about 2.6.

1 4. The dielectric material according to Claim 1, wherein said dielectric

2 constant is not more than 2.2.

1 5. The dielectric material according to Claim 1, wherein said dielectric

2 constant is not more than 2.1.

1 6. The dielectric material according to Claim 1, wherein said covalently

2 bonded tri-dimensional structure comprises Si-O, Si-C, Si-H, C-H and C-C bonds.

7. The dielectric material according to Claim 1, wherein said dielectric
material comprises:

between about 5 and about 40 atomic percent of Si;

between about 5 and about 45 atomic percent of C;

between 0 and about 50 atomic percent of O; and

S U kWD =

between about 10 and about 55 atomic percent of H.

1 8. The dielectric material according to Claim 1, wherein said dielectric

[\

material further has a covalently bonded ring network.
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1 3. The dielectric material according to Claiml, wherein said dielectric
2 constant is in a range fromabout 1.8 to about 2.2. 1 4. The dielectric
mat eri al wiocomdiorgjsto Claim 1, wherein said dielectric P2TaS2EBANIS3 s not
nore than 2.2. 1 5. The dielectric material according to Claim1l, wherein
said dielectric 2 constant is not nore than 2.1. 1 6. The dielectric

mat erial according to Caim1l1, wherein said covalently 2 bonded
tri-dinensional structure conprises Si-O Si-C, Si-H CHand CGC bonds. 1
7. The diklectric nat e?.iTie ddestiiatinagrielacairdingitd Clajndy, wihereesatll delettdctric 2

materi al gonpr| ; 0 n ut .atomc percent of Si; 4
bet ween abou a@“?ﬁé t@ﬁ%@ﬁ?’%@ﬁ%@%@rﬂggﬂfgg?aségbé bet ween 0 and about 50

atom c percent of 0; and 6 between about 10 and about 55 atom c percent of
H 1 8. The dielectric er.| 1, wherein said

| accarding to Cajim
diel ectri 2 material 14dhed ecﬂ"&smaate‘&%\?g‘foéﬁf‘gip %g]ﬁﬂédwh?rﬁﬁ SAidtney 3t leasb7 o
2004/ 001815 PghblHSM03RABIRR. 1 9. The dielectric material according to

Claim 1, wherein said dielectric 2 material is thermally stable to a
tenperature of at |least 350C 1 10. The dielectric material according to

Claiml, wherein said S . ri.iall stit .1 11.
The di el elct ric materia g‘(t:lggfr%} |C%§qﬁ%e'a%§?%@%lg\[/%%lra gﬁ?’ ‘Rs’leﬁr%%g%gl%g%? e 2
mat eri al ¥ ur taeerialcforther coapriads at Basttone nlemehtesshnted Seinethie gebuproonsisting ofr BUp
consi sti %o]&: F.~ 3 Nand Ge. 1 12. The dielectric material according to
Claim1, e é‘inﬂqfai d dielectric 2 material further conprises a
multiplicity of nanoneter-sized pores. 1 13. The dielectric materi al

according to Claim12, wherein djaneters of 2 said multiplicity of
nanonet erk si zed pores kr dhediclgetic material agroglingtp Gt , Wierein said dielectric

2 material further comprises a multiplicity of nanometer-sized pores.

1 13. The dielectric material according to Claim 12, wherein diameters of
2 said multiplicity of nanometer-sized pores are between about 0.3 and about 50

3 nanometers.

1 14. The dielectric material according to Claim 12, wherein diameters of
2 said multiplicity of nanometer-sized pores are between about 0.4 and about 10

3 nanometers.

1 15. The dielectric material according to Claim 12, wherein said
2 multiplicity of nanometer-sized pores occupies a volume between about 0.5% and about

3 50% of a volume of said dielectric material.
1 16. The dielectric material according to Claim 1, wherein said dielectric

2 material has a thickness of not more than 1.3 micrometers and a crack propagation

3 velocity in water of less than 10 meters per second.
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3 nanoneters. 1 14. The dielectric material according to Caim 12, wherein
dianeters of 2 said nmultiplicity of nanoneter-sized pores are between
about 0. 4vendosatesis 10 3 nanoneters. 1 15. The di el ectr iPCTrs@sioad183
according to Claim112, wherein said 2 nultiplicity of nanoneter-sized pores
occupi es a vol unme between about 0.5% and about 3 50% of a volune of said
dielectric material. 1 16. The dielectric material according to Claiml,
wherein said dielectric 2 material has a thickness of not nore than 1.3

m cronetels and a crackl. ghegaigatriconatdrial ebaeding to Glawafl ewhertinlseidsli¢lémnc 10- 9
neters p second., - VWO 2004/ 001815 [ US2003/ 019183 .1 17. The

el et 115 npaRhas TGRS 0 b TR 15 NEPA 83 4 arerBtighet

mat eri al ﬁasvaoéiiyiiﬁkvw@s)ﬂ&sﬂ@ﬁ1019rrﬁeteﬂg@er§ec&1d}i croneters and a crack
propagation 3 velocity in water of less than 10"10 neters per second. 1 18.
A back-end-of-the-line (BEOQL) interconnect structure conprising a 2
dielectrigc material as i 1107, PR j

di el ectri% mat eri al 31§§%%§ngpggéﬁn§é?g®gg%§ﬁéﬁé{é 0 aﬁ%@kﬁ%aprﬁ%%vi ng a
coval ent |3/ bdiskgetictndtersil ppmBEOhahsulatom eapmr Hardmask dayer, said ikl ectrid mhegalr i ¢

const ant 3Df go%pn@r{geelémh%rt]s gf SQ,' C,_g gnd H, and having a covalently bonded tri-dimensional

4  network structure and a dielectric constant of not more than 2.6.
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