9 Novenber 2005 06150 USA TI TLE OF THE | NVENTI ON: LOW DI ELECTRI C CONSTANT
MATERI AL AND METHOD OF PROCESSI NG BY CVD BACKGROUND OF THE | NVENTI ON The
el ectronics industry utilizes dielectric materials as insulating |ayers
"between circuits and conponents of integrated circuits and associ at ed

el ectronic devices. Line 5 dinensions are being reduce® Novemnber 2005

i ncrease speed and storage capability of mcroelectronic devices (e.g.,
conmput er chips). Mcrochi p di mensi ons have undergone a signifiﬁ !

decrease even in the past decade such that |ine w dths previous 6 %&Q§ﬁbr
than 1 mcron are being decreased to 0.18 mcrons, with future plans on the

drawi ng boards of at |east asjf The tinme del ay
expression T = Y2 RCL2, where 10 T@}l%sﬂ?ﬁgmgte'lngﬂﬁl rre R is the resistance

of the conductive Ii nei L ngé%f%%bwﬁﬂﬂg }L\FI?ECt ric layer, and

Lis the wire |ength, that changes in
di mensi ons and materials can ave on the propaga |on of signals in a
circuit. The capacitance can be expressed as C = k,k (S'd), where ko is
the vacuum permtivity or dielectric constant (equal to 1.0), k is the
dielectric constant for the-thin film Sis the 15 electrode surface area

and d is the filmthi CknessBA@R@O@N@W?ﬁﬁq l\ﬁ'l@N' | result in a
t are

proportional reduction in C and conseguen ction in delay tine.

Further, as t hﬁ'he'élé@rdi'ﬁdﬁﬂ&us‘?@sutﬁ?@é 8RRt LeRElS! é?HE@Eiuﬁ'a%Fseﬁétg)\?%nw th

| ower dielectrlc constants are SO0 needed to prevent si Cross

(aka crosggalite) arRLENREShIIRE of hﬁé@&@pﬂ@ﬂ&ﬁ@% ?li‘\% g@%&c{?ﬂe& %gac“?}{% Y l'glﬁgnt

effect on performance. 20 Historica ectric con

() ot “aﬁmfe.f%'é?%?%@ﬁéé*a ?ﬁ%“g‘éﬁﬁe&?ﬁn@%ﬁ% Fp8Ea A G6iddeCeatdnmby of
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o hec? MOClERUTE dBAACRED! BhhButeRtod) MIBROREHERIERORAE dndel cfri‘ecibouty
3.6. The ﬁ@ﬁm&%at : easfel mrf fi‘)ethte set'de%adegesa« iqeﬁg&q grv.gioqeﬁﬁ%gég 129 the

k value fromt undoped st ca has een

ée%;'ﬁ% Exormpenrs be fog S & Gtk qiEfuns, vl i pits i i B, %r%?«n%r. e
%ﬁﬁ& ant, Dot Bt R R P AP BictaR fatcﬁé%%%?% %ﬂrﬂ%ﬁm e‘fﬂ*ﬂ‘g{ﬁcl Fhers | s
bei ggﬁdélsgﬁﬁga@reeq @gé TR theYEOELALL B, co'ngﬁ atwl}@gg}., ggc'ggg{;.f 8 of e

Wi t hst anddt¥l‘3E¥|chb)gé?r ér?cmz;fé ?He%ﬁ@ Ie(ngﬂ] tls: of?&ols:%e}d fo c%{”gtﬂge[]'g@%%f tfga]t éﬂ%@éé;&s ng

(e.qg., w wat er properti-es)

conpr-or Slﬁﬁ;m\éﬂ%n% aga%sﬁﬂg@tcma\fe P ie" BroBhSaloA S 9344k Flal disPiteriha ene)

mat eri al uorinated organiCc materl poI

5Pt RS o S
processi ”cﬂeréEﬁ.BScénQ%é%k Y&fhah o 45, TR0 e GiettlcficPlondihnt 1e@bahedns ' e
15 electrode surface aréa and d is the film thickness. Thus, a decrease in k will result in a
proportional reduction in C and consequently a reduction in delay time. Further, as the
line dimensions decrease, better insulating materials with lower dielectric constants are
also needed to prevent signal crossover (aka crosstalk) between the chip components,
which can have a negative effect on performance.
20 Historically, silica with a dielectric cénslant (k) of 4.2-4.5 has been employed as

the interlayer dielectric (ILD). However at line dimensions of 0.25 microns and less,
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~ Organic polyners in general do not possess sufficient nechanical strength
for processing under current conditions. As well, fluorocarbon polyners can
have ot her drawbacks such as poor adhesion, potential reaction with netals
at high tenperature, and poor rigidity at high tenperature in sone cases..
In order to achieve the desired 20 property characteri std Hevembet 28005

di el ectric constant values, silica based dielectric filnms which

i ncor por at @950 MAYoRQ deger dispaneeptale, Rndrilghas bethumdensivelpesilasdaray phevi de
for filme with k values |ower than FSG_and better thernmal and mechani cal
propert i esNEIREA'S, BiGiaab dverinatedysiicasg aaBSGlawhareial isis abboit 2 6nelie abaiisg of he
requisite properties to function as an interlayer/internetal material in

" 1 C manuf acfﬁ'@F'F‘h&? sipen spscdicalcaimedyat ra@BGingsthe divatyesfong ttiat @8 ubdb e BlicepaEnt
for FSG OSG materials are being touted as the future

i nt er | ayererntdudied dor tieepast few yeofs (stej eq.,p G iRats] Nos. G\VET 2769 DeyerbsT
2005 techni ques. Nunerous patents have been issued covering the use of’
variou8 & UhD3A, IStEk40415,82767 § antli618701066f, Thi midH &l8Btrov Bti\Hthéf FeSirf
about 2.7-3.2 (see, e.g., US. Pats. Nos. 5,989,998, 6,054,379, 6,072,227,
6, 147, 009 resuitsUB & V88 8ibh paarizal¥® spedids,4@Bjch XHocksi thel ble@ctlice! &hbldnt
materials are being comercialized and/or 5 advertised by several |[eading
CEMs for finoninetekGalicdhastgaineiedoceptahes Brthe YndugiMp andl is(tfeu%;! 8ded foPhigd Eiferito
FSG However, the reduction in k nust be bal anced agai nst detrinenta

ef fect s t Damenatiganf kCsspeci es typically have, which include reduced

mechani cal properties, thermal stability and chem cal resistance. Studies

have indi cat ed Whikt fidrinapsc: stica atlateRiBlsChavdl ShepFafdifel #Brhar aﬁ@ﬁg%&lﬁgrﬁcsﬁ he
dielectric constant to the range of 2.8-3.2 with 10 nodul us/ hardness val ues

i n t ht0 r astgbilitf tDwithsthn@-veryt highateniReatur® &lp & 500°E98e Maglr i
El ectrochemni cal Society, COct. 2000, Secti oﬁtpl—l- 1, Abtz't rz?ct N&ai’%ﬁgﬁ%ﬁgg

Col den et (e.gl low MatdRQorgtion3 inechakical H6deriies)UTE sUSEHRble! ol iR} bﬁ@gfb’ﬁg?ec{ hese

pat ents have proposed the use of carbon-doped FSG naterials.

exanpl es wheh lsrgs @inyounts bi ftorineLe oS PErataiBheY tha! matdfal. 1OudhERds %gia%iéb”
conbination with a silicon precursor source, and incorporate uor ocar bon

moi et i es inatevials, Sith 8RpOIy(EFALLFRATMNEHS debsife Wﬁ}’ loWk 9@1&&'& 'Ho% Ig?b:o

pl asma copol yneri zed hexanet hyl di si | oxane with octar | uor obut ene asmas

and Pol ynar kess4ha b shéan MaFigiBntl ili J.
Appl . P%ys. 422?)1- %% I%1999)5‘] to' -p?tog%cg:'g@][ It%g?%ggp on%%%gég%o@tge&%% in

whi chisk isubs i 3j ' 20 i I ; t.
Vin ot el (oAl (1 5y T et e 108 T ORAg) of 4P RRRIAOE SRRKCT. ¢

of {1 uor coryahn palihdrs O ganStaPFad | AdTs P“&gyc%ﬁ%ta '%%E‘ﬁieg'oghtgﬁ@ﬂs Reitic

reactor using triethoxyfluorosilane and 02: Another exanple

i ncl usi orprofedsingouAdel AREMRLALILIGS. | AsSibil Gfiol Of kAL Elondy:
1998 | EEE | nt erdr%;gti onal Conf erelr:ce O%Sscgéllziﬁgﬁ%r?%dp%gﬁd%ﬁhg&g 0|‘“?1‘3"Sol id

Di el ect r idrawBa&s3Rch1898dor é’c?r%%fdgp'gat%nﬁﬁ?re?flyni ith Hletdis WRIHAEARERAEAL T 0N

to reduce the k of the nmateri al ubst anti a fromt a.

ot po oo LA AR MREES LRk LB BRI o
20  property characteristics and low dielectric constant values, silica based dielectric films
which incorporate both organic dopants and inorganic fluorine species may provide for
films with k values lower thaﬁ FSG, and better thermal and mechanical properties than
organosilica glass (OSG) materials, while maintaining the requisite properties to function

as an interlayer/intermetal material in IC manufacturing.

25 More recently, OSG is being sought as the replacement for FSG. 0SG materials

are being touted as the future interlayer/intermetal dielectric of choice produced by CVD
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of CF4 in a 2%ilane/ N2 plasma to produce filns containing silicon, oxygen,
"~ carbon, fluorine, and N, where they were able to identify Si-C, Si-N,
Si-O and CGF functionalities. They also found that there was a depth
profile to their conpositions, whereby the surface 5 was higher in oxygen
than the bulk. U'S. Patent No. 5,800,877 to Maeda et al .9 Nesembbeg00he use
of a mixture of organosilane precursors having an Si-F bond and

or ganosi | daehmpaussur sbiumendushgaterds 1Give Bebondsueti tchvaianehe®r ueXy§e Varibls @
thermal process to produce a fluorine-containing silicon oxide film The
clai ms of arbarsospanasnior dio erodustiorpobthire filnewith kavalllasosfi alsoue QM-a.2niae, 10y
silicon oxide via thermal process with an oxygen and/or nitrogen plasna’

post - t r eatlBnPats. Moe. H28%008,0654, 870, SIEEKTIH 6, tre0onmer o Batso®y Pfardl iy
groups or carbon into the film In a paper by Hasegawa et al. (37 Jpn. J.

Appl . Phy£9/419233.09 SO , filen aRNedtt MatbRsls " 8%l %bﬁ‘i@c%o@i;mérbi_ﬁf’ié&‘aﬁﬁo‘?or
Sl

silica was the notivation for deposition using mxtures o ane, oxygen,

CF4 and ausositieed By ae@éraslvéadiﬁ?fmmg%rw&re%m &8 toTih8ir Wé&t%g%éﬁ k‘;{%'sf.‘%

were found to contain a significant amount of Si-N and CF bol
i nterpret eglaiye toXPSG PHdvever, IRBARBLADN MKk WAL 'be Ea'*’lbﬁtféﬂ"ﬁ& iMstPdetrimental
t he val ue ?n SR

i ncorporation of Si-Nwll negatively inpact . ar wor ks

by Lhe sawfie@s e dgirielsshac piebMohhaNwRich fhaludetBluddl AleSlichy d:(ré%%ﬁ? 67-10

(1999), 606 Materials Research Society Synposium Proceedi ngs S 20
d 87(8 | d i j 1 : ) ]
an (8) thkpralatabfity AR él‘%%t?eﬂy!%kﬁ&nég. %t%guleé?r%@ ):%QE%%@BF\?B Efﬁéﬁwgﬁgg&ﬂm or

i ntroduction of carbon into fluorosilicate ass by

rest Sti vi sterkihe pfSHeRlidsalch 66 Sime il BRRICHRMAHRR 36 il Satle TFOSa0XYgRN

met hane and perfl uoronet hane, and were studie r conpo I o,

stabi{gt Ymoaﬂﬁjsma?ﬁésb%|uegﬁ@%gﬁbﬁ of d.yhgupan @ﬁ%fégf %%%?iﬁ?%ﬁ%g@ﬂéS

i ncor poration of both carbon an rine into a

t he di el i ieail bdhnt t Jntraduced t
e depostt | e koA SR RER A dhg, SEaid A BrraE NBLRR L Al BEBRR o

fluorine an MitRdinaly pfgg_ejd@, -4 9 Novenber 2005 said to be caused by a
significant contribution by C'F functionalities. As described in their

papers, the pr S%%%c&’lit Iﬁ%rgtu?é"gﬁ C‘gﬁgﬁ&%v@ﬁ:r%&éed%@ g?é ST %@bﬁ-%ﬁ%@ gg@

water sorption and help to re el ectric’ consta

01 1 coat " Rer RG oG ot e Gemn e SORENEAT B, BhoBsiipon BERRTS s *Y ©

et oase Dt R o T bR oy BN T RprgBB R Rogan

0P 1111170 R0 8 S 2Rk od S K e SAmRb B p{ g% ot

or ocut sor Sream e eP e BRI Eh Wb ARl eide arLBORERT 4

.o oa(3)e) Rl e Gasirahdac Bt SRE I8 SR Bhe RS BT Booiiho. 7o

bapor s, M RAE, fereEiBensimith offs iF tion RBodreebhbing i hr pile

fggbggﬁg}e?g%aesi@’ﬁf réléarrbgr?trcgﬁtgeﬁﬁtsﬁfni gt Bﬁtl (t?% 7P Bofd BALL C%SH 1 {1%?99)'}Hy
discuss the effects of flucrocarbon addition to SiOF films produced in a helicon plasma

reactor using triethoxyfluorosilane and O,.

Another example of the specific inclusion of flucrocarbon moieties in silica is the

work of Kim et al., 1988 IEEE International Conference On Conduction and Breakdown

25 in Solid Dielectrics 229-32 (1998), describing the ability of fluorocarbon addition to
reduce the k of the material substantially from that of silica. The work of Kim et al.
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although little supporting data is given. The authors attenpt to show this
" asserted advantage by describing a process in which an organosilicon
material was deposited in a thernmal process froma mxture of tertiary

met hyl am ne (TMA), tetraisocyanate-silane (TICS),

di net hyl di i socyanat e-silane (DVBI C) and preferably di netthibeeimpeaDas
(DMA), 20 to produce Hand OH - free silica filnms. This deposited filmwas
post - t r eat 2PeAErs o b airged specificalin et insbrporating Shictapartepl racieties tryagatite use
species with fluorine, and produced films wth a |lower dielectric constant
and bet t erofneFstiume2tosllanedvs plasaetof ptadsce fibus cedtainifmpeiivar, , oxygehydathog: Si
and C-F functionalities. Also, as is typical in diffusional-based

processes fBwthe aandcNewhersl thppwerd albdlatorielettfy Sii0eSeN; 850l ted CaF dommpsiiitiegnal
gradi ent 25 induced through the depth of the film It is inherently

di fficul't Theycisn foohd thee there wis adebth profletorthéily cahpodioreheheedl the surface
nodi fi cation through the filmin this manner. -5 9 Novenber 2005 U. S. Pat.
No. 6, 677, veatdhigberls axygah ihah tisebulkr ocesses for formng a plasma CVD silicon
oxide dielectric filmdoped with specified amobunts of fluorine and carbon,

wherein the fil®. iRsteepRs 5840/870noavERds 6f al. est@Rdt GRS oiBi AItGRNGf
control the fluorine <concentration and the carbon concentrati on

i ndependerirgandsiiamapiecoisdey havifPa@BRFIbANE ahdbidanobifareRedursdrs Yar .
t hese fil I’I’Bgl S Iesspt han or eqﬁtﬁl to O. 25a basgezicill1 on tﬁ Cli-l scl osHog%ﬁ i

concentr atd pbnd,aRlie 9z6fe %r%xggéri)aﬂl 4 tHePhbNBrodb &R Efodhee b ﬁuahnéoé’&téllnfﬁﬁr | ne

atons/ cc, and 3 0 x 1019 carbon atons/cc to 1.0 x 1021 carbon atons/cc:

data are spices @Ridedihe ddedisgst drenit Wasdnt ep@drithé Brodtietidrrsk am&dwne Edifai Fu'nbm

G ven that the density of silica is about 2.2 grans/cc, which is

equi vab entiliton dxidlevial fdimat EB&<Eowith 5§ of S,Gg@%eaﬂdvcﬁtmt%’ge%op@mé bY&Ler &%@Hg 05

carbon can be estimated to be about 6-1 tomc %fluorine and out

to 1.5 at Q'ﬁbfb%éiﬂrdbéélno%@hb@tﬁe‘"ﬁﬁcérﬁb@ﬂ@h Bﬂalﬂﬁ‘@?&tﬁb@r@@é?oont% ﬁelﬁﬁ‘H e not

been any exanples in the prior art that successtful conbi ne the desired

mechani cal , di eha@apkEby HBQéﬁ@&a angl. (3@>9Fﬂaj AR, mQ' 490T4Yc>sp 19860 Léfmnkdat

are param)unt for integrating low k dielectric materials I'n 1ntegrated

Circuits. witdr reSkRIng8 oF § nce
in their ent |rr eti eg BRI %@Iﬁ%ﬁ%@@s@ﬁ%ﬂoﬂ%@%% gh?ﬁ\e}]esmglb%ﬁg&%gw des

films of epre0RXIGREEH | dRf SfidniAinta Bladia drihaRced ETBGyRem 24 gzé’éri}osned

organof | uorosi | i cate glass) cont ai ni ng both organic speC|es an organi c

£ pact 1S in@isRoteblfid B ool o didiffiiant ST or 8N ardC FHMIE S RGhRTed BT ©

specifically, preferred fil e rnventioen are repr eseh

formi a  ReXCoddHEnnaiicting ey YedteincbORncbrhctafid DBY P!y FRoghall] © 20

wis from1l0 to atomc y IS omc X 1s
atom c% gk tHeSk {408 0.1 tol5 25 atomi c% wherein substantl ally none of
the fluorine is bono’ed to the carbon. -6 9 Novenber 2005 Also provided are

b 52" Sl WA o G By ey 8 ¢ 1
g§ g\flnl c °e/%| %ﬁrl]d@ 6718080 688 M OFlIS %éséd?gh okisty'$yRBcSiuh bPoc%édﬁbs?g‘z‘(ﬁom.
20  and 87(8) Journal of Applied Physics 3715-22 (2000)) discuss the introduction of carbon
into fluorosilicate glass by PE-CVD to enhance water resistivity. The materials were
synthesized from silane or TEOS, oxygen, methane and perfluoromethane, and were
studied for composition, thermal stability, and electrical properties, Ll.ibguban et al.
suggest that the incorporation of both carbon and fluorine into a SiO, network reduces

25  the dielectric constant. Increases in the amount of methane introduced to the deposition

chamber during reaction resulted in increased carbon and fluorine in the final material,
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x/z > 0.25, wherein substantially none of the fluorine is bonded to the
carbon. 5 The invention further provides a chem cal vapor deposition nethod
for producing such filns, conprising: (a) providing a substrate within a
vacuum chanber; (b) introducing into the vacuum chanber gaseous reagents
including a fluorine-providing gas, an oxygen-providin§ Nesmbed2@d5 | east
one precursor gas selected fromthe grou consisting of an organosil ane
and an or a0 Pe£aped Bna@ %'E’)'f'%?é‘élcwtﬂiﬁu Py - F(fu'f'ﬁ@ﬂﬂhi'e@as%%@@wmm s
in said chanber to induce reaction of. the gaseous reagents and to form
the film 8t RBPYEH S Riaseney jof |C- Fuartdn@er?R?oieaéulhﬁgoraﬁtei rRsistRnae tewatet f or
producing an organosilica glass by chem cal vapor deposi tion of an

or ganosi | &pwplionaad drlp toedyerdieipeliis®ongloniri ses  co-depositing with at

| east a portion of the organosilane an inorganic fluorine froman 15

i norgani c fluodhne dapaneee BREMF bPEBTREPTILOND FOOSENERALIGUHEMNRCOF MidErials
DRAW NGS The invention will be described in conjunction with the foll ow ng
drawi nfys depadiiedby bidpin cedtemethod hadve st detesitgnareatihiekiewith ¢iyent NFamda
wherein: 20 Fig. | a shows an isothermal TGA of an enbodi nent of a film of
t he i nvenpliaema regctgr tolinbreshe Wweataesistanchaenate Waar ebrpiomprararinaetsé iMawridfi 9.
2a shows a TGA scan of an enbodi nent of a filmof the invention; Fig. 2b
shows a T@Aabitignofotheafilpr theouglr thef formmtidn gf fidorabaren IsBegiesfin lHes finh, aDther
.enbodi rent of the filmof the invention and a prior 25 art film and Fig.
4 shows aFUjfsiNMRenpe@Prisnidboan aaddeodi NeEnt 1242)tane diséuss afie threatiby@nkiien. -7
9 Novenber 2005 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred enbodi nents
of the i nfiewst with fricowpoiated fborocdrbbm smdctsi 8y plavnagC¥d asingdiskicesbabed
constant and i nproved mechani cal properties, thermal stability, and
chemi€al pracussrstantainingtfiaomcddmn, gragpseous envi ronments, etc.) relative to
OSG materials. This is the result of the incorporation into the film of
carbon (which bekidaeetsil.i gietios@arfltiotrated Ubrgksic-spicef fimabley RpPEE Madiktube | N
the formof organic carbon, -CHx, where x is 1 to 3) and inorganic
fluorine tpierance. Bed; el:g)ngl&()S) BlechotHent, FSocpn 68H8¢ 1 398), 3 JisH. INADPICRAYs. BNt S -
of organic fluorine (e.g., CGF bonds). Thus, the final thin filmmateri al

pr ef er abl %3 ¢i@gsh,i 3edprl Q. SJppDPhS}Ts -3368CGrH 1@0d) Shd TP andi naAStIhURESE Qapers
substantially free of, and nore preferably conpletely free of any CGF

bonds, artte prugfes &i’&ii%t@ﬁﬁt thé phdiRriestsi IR ah AR MRE) be complehftihtarl COKP
portions of other functionalities, such as, e.g., Si-H C O and 0-H may

al so 15e thets @nmatdtiat akitahas onlHWur(&loﬁélﬁes nﬁ@ﬁ&ax@nad\?a?ﬂ@ge Bf @l 5BBngths,
enbodi-rents of the invention conprise: (a) about 10 to about 35 1

at om c% anpbagprigiesappoting ddata R0ghenabtd 28fHérs iakibmdh 1o CROwABRUEsdelio
about. 65 atomc% nore preferably about 20 to about 40 atom c% oxygen; (c)

about 10 ddvaabkeutby decatin ca¥8 it wRICATRI 19hnbsaibo naldlial WadRRpbsiRE i@kGom c%
hydr ogen; (d) about 1 to @ggﬁgut 30 atom c% Qérmre preferably abgu%' 5l

about 25 tRé@mal Gfo6edsbRom Anfixiufd ofBihry Reth IyFa%ﬁ’é"FﬂPlA%ﬁeﬁt&i@H&ﬁﬁhté@faﬂe
preferably about 0.5 to about 7.0 atom c% uori ne.

(TICS), dimethyldiisocyanate-silane (DMSIC) and preferably dimethylethylamine (DMA),

20  to produce H and OH — free silica films. This deposited film was post-treated with HF

gas in a thermal process to replace isocyanate species with fluorine, and produced films

with a lower dielectric constant and better moisture tolerance. The films produced,

however, included C-Si and C-F functionalities. Also, as is typical in diffusional-based

processes such as chemical post-treatments, there resulted a compositional gradient

25  induced through the depth of the film. It is inherently difficult to control the amount and

uniformity of the chemical modification through the film in this manner.
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20 Lesser portions of other elenents nmay al so be present in certain filns
of the invention. Both FSG and OSG materials are considered to be |ow k
materials as their dielectric constant is |less than that of the standard
material traditionally used in the industry - silica glass. The

conbi nati on of both inorganic fluorine and organi ¢ car b&Nodepbay20@5t he
filmresults in a coupled effect on the k of the final material. This may
25 mani f est it $b6f Patn Ndi 60774 tadjesmi Binclosgappsicessastier formingreaptasaad®VD
conpar abl e mechanical -8 9 Novenber 2005 properties as an OSG material but
with a | osiicorkpxide diedgetiiefilof depetpaitiabpecifiedmarnowits bf fleipe andrcaneemavtieraih
properties. Incorporation of nmethyl groups into a silica filmmy inpart
nanopor osiHey fitno i$ reepokitédnfrowhiac miktetep of tfeed gdees wihieh lkcaof cartiwol fthenffudtine can
al so reduce the nechanical 5 properties of the film Filnms of the

i nvent i oncpficingttidn yndahé aiarbaboericehtrbtioraaeperd@ndy ofriealb oftrdoonTloe aldmoint 2
to about 30 atom ¢% carbon, wherein nost of the hydrogen 1is attached to
car bors Pratioe(jalrbyn)/jfumard]) om tiedset lensCisHieksirthan enadqual ¢s (B2% basetedhthe
groups. In general, the introduction of porosity is an effective nethod to
reduce t hgiscidbsed eohtértrationsiapgés of 400 nal @ ifiabrindNatdres/tdieo adtlixt 107 fbrine
porosity will inpact the nechanical 10 and heat transfer properties of the

film (e. gatonetés VR0 B P8 IchitRdn) atoinb/ceitb1.0at108heargen bivens/td hBlceddta are
chem cal or thermal stability of the film Certain enbodinents of the filns

are nanODPféaéﬁteﬁaJegéﬂdﬁ@ e fahdtiodiitiesi foirfed wRRhiAdHE &t bY5iFn- BYDhEE@mshasf an
i nherent free volune pore size determned by positron annihilation

lifetine spasisrApePRY drEMsRl, WARhYS bsuitfleitao 8K Y 0B aforment, thd Bosentraabent
spherical dianeter. The pore size of the inventive filns as determ ned by

snal | {@ngbennstite! sHY S4rBbh @kh e ésaiidted & bEALSUI 8-1BrRbBicaR| Auokifs andhadud NM
in equival ent spherical dianeter, nore preferably less than 2.5 nmin

equi val enp p8RH9rd s@micdicamirer. Films of the invention preferably have a
density of less than 2.0 g/cc, or 20 alternatively, less than 1.5 g/cc.

Such | ow densi peggite 8 RFeqtiny e&@éi?!weﬁ@,dihﬁge Raved ABIOEIRTh hiy é@ntgﬁg G0 W%

reagents and/or post-treating the deposited material. Filns o

i nventi onph@Verti (MRF QUeEdMiAnCEShBRe haliddRdt MebinidaRt Bidlcdtie, themiliVany OFSG
material will have mechani cal_ properties superior to those of an OSG

materi al gligael HabIRDT pripBHRY RAEINE Yardhburk % iﬁtbgrakiﬁg lovPk crloctiid HRkdMREs i n

the OSG material. 25 For exanple, preferred enbodi ments of OFSG material s
of the i nnaRkhRReday&@ dielectric constant of less than 3.5, nore
preferably IeSs than 3.0. In certain -9 9 Novenber 2005 enbodinents, the

filmhas a di eageitbicnceoBREPREreinark W or@taRd Hefdh By Sefbnde h th¥ir tdhtirties.
nodul us of elasticity greater than 10 a and/ or a nanoi ndentation hardness

greater than 1.5 GPa. Filnms of the invention are thermally stable, with
good chem cal resistance. In 5 particular, the filns have an average

wei ght | oss of |ess than Ig@ M dgiAceoreriRin@ENTHRPC under N2 and/or an
1

average weight loss of less than 1.0 w% hr 1sothermal at
The invention provides fiims of carbon-doped fluorosilicate glass (i.e., CFSG or

20 OFSG - organofluorosilicate glass) containing both organic species and inorganic
fluorines, exclusive of significant amounts of fluocrocarbon species.

More specifically, preferred films of the invention are represented by the formula

Si,0.C,H,F,, where v+w+x+y+z = 100%, v is from 10 to 35 atomic%, w is from 10 to 65

atomic%, vy is from 10 to 50 atomic%, x is from 2 to 30 atomic%, and z is from 0.1 to15

25  atomic%, wherein substantially none of the fluorine is bonded to the carbon.



425C under air. The filnms are suitable for a variety of uses. The filns are
. particularly suitable for deposition on a sem conduct or substrate and are
particularly suitable for use as, e.g., an 10 insulation |ayer,

interlayer dielectric layer, an internetal dielectric |layer, a ca

| ayer, a chenical - mechani cal planarization (CMP) or etc NDU@mIle]EB%a
barrier layer (e.g. agai nst diffusion of netals, water or other materials
t hat can be undéssor a;ind)\ﬂdem arastilnag i regresknaigdr &y tred fformia adtt)@(s,lrm:zj aVitrei N
an integrated circuit. The films can forma conformal coating. The

mechani cal vpw-apgrti=etD0sK N ibiftoer1 B30 3Heomidt) wis fenel Otth S8 auerhicis; Erﬂlo‘m 185
suitable for use in Al subtractive technol ogy and Cu damascene technol ogy.

The fil s @r3n stomiee] biserom tilto Aoeitbmrls, Rahas e 0|¢|t@ﬁ§ralt<¥rﬁibi’/@®r6ﬁ9ed that
ani sotropic etching, and are capabl e of adheri ng to a variety of

mat eri al s, x/3 4ol 28 SwisdrkinGBstadtisil, nondiof Wb f1GRRe iFi8SAdesiith iIcOEarBak bi de,
antlreflectlve coatings, photoresists, organic polyners, porous organic

and ingrgani ¢ Mak@frivahfion flha} Broviiel adeheRReN ShpG b RLMBH Mt cffaﬁ &E&@émg
barrier layers. Although the invention is particularly suita

provi di ng duchMind) dodth Skitey: S ?f) proliRing" ¥ e&lis@ Bt Mithir2 a9 Ghdu rﬁtﬁé\}éﬂﬁ ein

as filns, the invention is not linmted thereto. Products o

can be pr QHir&ﬁﬂ:ldd"'m?@Xhé Qémﬁﬁ%ghﬁepga%ﬁgrﬁﬁ%'lﬁggdiﬁ%f a WQIT}]ESPI%QI

coatings, nultilam nar assenblies other types o ects t

25 necessafdsl Eénﬂixgﬂéﬁ—p%\ndl@ Bas, 381l & Ig‘déttdﬁeuﬂ'galg%ofﬁégQéléct@@tfrdﬁ‘?ctﬁ%g%dpl y

used in integrate circurts. -'10 9 Novenber addition to

| nvent | Ve dhaRH of WhCoraRefihe |AMICA bRhrbBfdxdAE Sald fe)PEARARS el HOthe

whi ch the product is e and net hods of using the p n certal
enbodiqgent O, r |
SOOI s AN OIS FRRIACR, FRLTRRASY R BIRA cn BRI

codeposi t%,lnglg{egﬁ}m&..{hlelgglggtpﬁedurl ng at least a portion of the deposition
of an OSG material to produce a film substantially free of organic

f1 wor ne. Thus.siforhoy Gblic8B € 3 imBRuda FikihOd IO BYARL b orod RUIRIRALAT Y

and future processes, inclu ose an

Nos. 6., 0%, gfﬂe%ucg v]aéére ggg ﬁt% & :3# Br o%%%sfarﬁg elge% fl‘i]ed'ﬁ\'?prové:‘m n ;J?Qtyinr{sgslo

produced by rocess oved properties tela

o operty O RN Lﬁf@%aﬂ‘@“ s, &7 AosSRe FREVRE & e

of thegfil, he chem caI stability of the filmis increased
and/ or5t hémer%%?ilr:gﬁér@ﬂetsiﬁlr% ‘ability of the filmis increased. The process

to obtain a filmhaving a |l ow dielectric constant conprises the steps 15
of: (a) providing a substrate within a vacuum chanber; (b) introducing into

oxtygens pr ovi di ng SR RAURF 1AL o RirAlc WP o PERRARIAEH om e ™"

group consi sting of an organosilane and an organosil oxane; and (c)

PP b ne iR AR e BHE o el R0 B g e o
like reference numerals designate like elements and wherein:
- 20 Fig. 1a shows an isothermal TGA of an embodiment of a film of the inventién;
Fig. 1b shows an isothermal TGA of a prior art film;
Fig. 2a shows a TGA scan of an embodiment of a film of the invention;
Fig. 2b shows a TGA scan of a prior art film,;
Fig. 3 shows IR profiles of an embodiment of the film of the invention and a prior

25  artfilm; and

Fig. 4 shows a ">C NMR spectrum of an embodiment of the film of the invention.

-7-



Preferably, the substrate is a sem conductor. O ganosil anes and

- organosi |l oxanes are the preferred precursor gases. Suitable organosil anes
and organosi | oxanes include, e.g.: (a) alkylsilanes represented by the
formula R"SIR2 , where nis an integer froml to 3; R and R2 are

i ndependently at 25 | east one branched or straight chai 8 Bovemben280&yl
group (e.g., nethyl, ethyl), a C3 to C8 substituted or unsubstituted

cycl oal kyl group (e.g., cyclobutyl, cyclohexyl), a G3to CO0O - 11 9
Novenber 2005 partially unsaturated al kyl grou l&Ne' ., propenyl,

but adi enyl ), aC6 to Cl12 REbALEDUREICBIPTIVNsUbIHE \&%lTé@glmati c (e.g.,
phenyl, tolyl), a corresponding linear, branched, cyclic, partially

unsat ur at ed al kijtefercad amboditientscoitheaiimientior ployide @ thini il evaterial ret/imgxa low

et hoxy, phenoxy), and R 2 is alternatively hydride (e.g., nethylsilane,

di net hyl sidiglagtric ®ohstanethy irsplosad meaobeniaatatrbydrtied, dhermad lseabjlity | drachehemical
nmet hyl phenyl si |l ane, cycl ohexylsilane, tert-butylsilane, ethylsilane,

di et hybsi Irasistantet(toastygery aqleans, erdiromhbyts detet)elayiee kaDSG materials. This is

di met hyl di met hoxysi | ane, di net hyl et hoxysi | ane, net hyldi et hoxysi | ane,

tri et hoxyshe resudt, of thig insetpoydtiohamtoxlyes filasfecaninsh (whinstomyg bk atiedn caiida Hut pear
organosi | oxane represented by the formula R(R 22 SiO,SIR2 3where nis
an i nt egerpréfesably ptediobiinamly ia\tak iferno b anemid carpee -XEHX, apticrs enisetl tb)B%tdh@
formula (R R2SiO, where nis an integer from2 to 10 and R1L and R are

as defi nedhabamie fuaring.(e.gl, 8i-B, boheky aimbiyiheysloatigtionasf sigNiatant amounts of
oct anet hyl cycl ot et rasi | oxane, hexanet hyl cycl otri si |l oxane,

hexanet hy oyt auere Selg.,lc:a; Bonds§t TAOE tihey fifk] Shih A Reaterdid Preferably comprises
octanmethyltrisiloxane); and (c) a |inear organosilane oligonmer represented

by theof orgnd, asifF, 2C-5aRRDi-0\buRERE strubteradsubShAERK Fde0ft, Ant ndr@ p@ferfa‘mgl ic
15 organosil ane represented by the formula (SSR R 2)" where n is an infeger

from3 to cﬂaﬂmpletél?‘*ré@ ofBfy R-2 ingsasnd pfdréradlyahesent(tfe hydrogen is bonded fo
1,2-di methyl disilane, 1,1,2,2- tetramethyldisilane,

1, 2- di et kytboh, U ebsdr fortiBh 0K ¥Bhep frdfiéhalitex 2Bk BY | bSidi#N€-0 and O-H, may
octanethyltrisilane, 1,2,3,4,5, 6-hexaphenyl hexasil ane,

1, 2- di net RWete gredemhe R¥HEH Firh&8Fthe #@nfio- di phenyl disilane). 20 In certain
enbodi nents, the organosil ane/ organosil oxane is a cyclic al kylsilane, a

cyclic al koxysifagepreferfémBddients df &asthvenRnblprive:0fa)abbit 100id 438t 35
between a pair of silicon atons, such as 1, 2-disil anoet hane,

1, 3-ditsi | apRicHafsne H?é@bblry/@ddu@%clooﬁb'élﬁn@% silicon; (b) about 10 to about 85
1, 2-bis(trinethylsiloxy)c~clobutene, : '

1, 1- di met Bydmibsss inhcte JorBrorithX A5 208548t 46 afomic% oxygen: (c) about 10 to_ab
dinethyl -1-sil a-2- oxz?ipcycl otﬁyéxane, 1, 2-bis(trimet ﬁyl sylgl o'x(yg 2t?1ane, Olaj A?-Ut 25 -

bi s(di met kgl fbi¥od baBzE PRI sbsduflRBRb MHos b iaksieho (2 9
Novenber 2005 In certaiE enbodi nents, the organosil an%?%%ﬁég}l%gggnyo

contai NS abb@asy hibicHi %r@b@f@raﬁglagﬁhgg t %BHﬂltti?ﬁatlgH]‘i'H"/ﬁ cﬁl‘%:aﬁi Shd 9 é%fougn

epoxi de, a carboxyl ate, an al kyne, i ene, phenyl ethynyl, a stralne

cyclic groupiandos ¢4 étem_ialw, QbR B8l St .61 Cd%!oPV?.d‘E E%Oﬁuoiﬁwé.ai n

t he organ osil ane/ organosi | oxane, such as trinethylsilylacetyl ene,

(tringg hyLééé@(’iﬁ%)ﬁﬂD’l’é’ObH&%ﬁ%?%{ﬂtg &Eg‘ézsrgxydyeé%rlaé’érﬁ}ﬁ% ﬁ'g'%i (ﬁ?ﬁe}? invention.

trimethylsilylacetate an ert- acetoxysila erre

fluorine-provi ¢iopd FER§ Sha! B8 AYerfICaRP BESsiddred to dd W kNRalRPAReS Ytsir

dielectric constant is less than that of the standard material traditionally used in the
industry - silica glass. The combination of both inorganic fluorine and organic carbon
doping to the film results in a coupled effect on the k of the final material. This may

25  manifest itself in different ways. For example, the film may be of comparable mechanical



~carbon), which could end up in the film Thus, preferred fluorine-providing
gases include, e.g., SiF4, NF3, F2, HF, SF6, CIF3, BF3, BrF3, SF4, NF2Cl,
FSi H3, F2SiH2, F3SiH, 10 organofl uorosilanes and m xtures thereof, provided
that the organofl uorosilanes do not include any F-C bonds. Additional
preferred fluorine-providing gases include the above n@nNDW@be" 2005

alkyl st | angRopdhi@ Sl Aa8omaldrfiPal G Hhb: geogfrﬂ%gg S RaRbie, WS with

cyclic org ane ol igoners, cyclic or id

or ganosi | a eI"b ?E?Haﬁ‘%ﬁ Eyo eﬂe@e groups, provided a fl uori ne atomis

subst i tute or t he si I icon 15 substituents, such that
th t | f.
o i ne- pr ov?SﬁhafgIé%gaﬁsn.oﬁﬁ%Iﬁy 9l ?e%Lsal‘c%?lmnrmwe?r%aeoporoswv to the
di fl d h I fl I t th il
L 2-di 11 uorr oyt 38Re B tedlih by Iléjf‘)’fﬁﬁ ¢ bulioH (35 See: R perhanica
Sui t abl di d . 0. ) . hyd
20 porofi ABYOREIERBY e O T, P eé@twgr@’s e%I'I gt ShPV- 1 g’ B tor
th t f f f t t
bne of ¢ he 4aish eBpohat Bpiblty G%LII 3&% i GebRe, WhgeimBort Qighperogen

i di th di dth
Fluorine- B &P -eﬁ{,tcg,ge e Ritibbocs Boby o AP o RrBhonaitemaes i rostnyl

exanple, it is po sible Lo 25 use di net hoxynpet hyl fl uarosilane to provide
silicon, c§f‘b“éﬂ§ 958‘?{3 rae ftRscHen of tpq%'tyéé’r 8B %EY%F@W@ tes seducsi thgl e
gas to act ecursor. and aoxygen- provi di ng -13 9 Novenber
2005 tetr4 ?ﬁse@g?n%mt o grmater %wleyths@sgmo Srab it impe fhs mechaniaale,
each of mhlca V|des car bon, en and silicon), to use a single gas to
act as'® prBgdee agﬂar aropfartlsr‘arq %F‘b(ﬂ @i pgeRive popgrties), it wil sohghangedthesi

| ane, which provides carbon, fluorine and silicon), etc. In any case, it |
_ s pref er i¥@reR chgpiichl op thefaal Sabilitypf thedBent s cont ai ni ng GF 5
functionalities. Although the phrase "gaseous reagents” is sonetines used
herein to descri®fEiain HMbemerEsof the: fiiny Afe nanopatassdieiative tonsiiopas Silica
reagents delivered directly as a gas to the reactor, delivered as a
vaporized Prefiicgd by fLﬁJPVPZHEgﬁ has sndinberant drespeelume pyreasize idetarmingat by er
gas into the reactor._ 10 In certain enbodinents, mxtures of different
or ganosi | aReEtraRdAMNilaien ifetime osrestiescapy (RAAS)i analysisiteizhe @houll 0.6 sinalis o
within the scope of the invention to wuse conbinations of nultiple
di f f er &nt PHHUPIEﬁEth%fmaaﬁI?gnqjarseg hemere sizewfttha dovestive Gims aaldeterimined by
di fferent oxy%en provi di ng agents along with or separate from conbinations
of dif f er EF@NoPRARBPUENNe SCRRIINGr (FANDIN 051 PALG e sprefdmtdy Vess tiar & ahs dn
within the scope of 15 the-invention to use a fluorinated organosilane (to
provi de fl GSPWHI@"hﬁHﬁ%ICQbé'ﬁb‘@*BT oo grefoviably lessihantd. foni imeequivaterd apbsiidaine
(to provide carbon). In addition to the fluorine-providing gas, the
oxygen- pr o@"l%ﬂ‘i‘@f@r gas and the organosil anel organosi | oxane, additi onal
materi als can be charged into the vacuum chanber prior to, during and/or
af ter the deposiFiilisn of dhe tinventioguprefarablyr haves ai desitiieof 28s ethgn, 2.Dngkct, gas
(e.qg. Ar, N2, Kr, Xe, etc., which may be required as a carrier gas for
I esser2Q/oI éltP'I”é‘t'Yﬁiéclﬁ%thn &)/ gsec. wHBuch lowndensitiest eart be aohievali mg adlinghe
as- deposited

P porogen to the gaseous reagents and/or post-treating the deposited material.

Fims of the invention have improved properties relative to OSG materials. A
given OFSG matetial will have mechanical properties superior to those of an OSG
material of equivalent stoichiometry, but for the lack of any fluorine in the OSG material,

25 For example, preferred embodiments of OFSG materials of the invention have a

dielectric constant of less than 3.5, more preferably less than 3.0. In certain

-9-




.materials and provide a nore stable final filn) and reactive substances,
such as gaseous or liquid organic substances, NH3, H2, C02, or CO Organic
substances, such as, e.g., CH4, CQ2H6, C2H4, C2H2, C31-18, benzene,
napht hal ene, tol uene and styrene and can 25 provide carbon for inclusion
in the inventive filns. -14 9 Novenber 2005 Energy is 8ppbvarberc?@lte

' . : . t fi | th
donetrate. Rkmbls, MR b8 POBRRL e RoEh i "We rihdeohBin 8.0 3 perk
I , hel i) | i nd I | ed pl ,
Bnd | remot ¢ S bP SR g RE Mo HaR Py APk NS ERMe R RTTeS Gt o

nodi fy thethr“afrm Q%Char acteristics at the substrate surface. Preferably,
the filmis forned by plasma enhanced chemi cal vapor deposition. It is

i cul arl A itivel d.pl
P requency of b UES EEAnEEREN HE RerfaR ot Fi oS5 BREGIB) FeRmRce.” I
tts/ , ; I ) 3 tt ne, - - f f
the. sutst r BRRoBiob! B 3R av? o drsod Right o5 ot W3 Shat 1 whBh i prunairainl y
f 0po f bl 200 t 0
Gnare 200 2t aeP R antfo B piiftade W6k & bhY Raron ogRer txothriotal g5
t he desi reaﬁ%rq)@g s and ratios of fluorine, carbon, etc. in the film The
a

actual flo Hé&lded may depend upon wafer size and chanber
configuration, d.are inn limted to 200 mm wafers or single wafer
chambers. 15 Itar?'g f@P%?Eer ?‘Qg’q\%%ﬂ@p"@é‘?ﬁ fses IThe Simsagamstisuarynsyieble fof at
| east 50 ng’ln‘i I The gressure in the vacuum chanber during deposition is
pr ef er abl yCEPEIIPHEB Feropdusgt subsirate. #RP ple RarficHiarty sufpble forpiss as, efer ard
recipe qof the i.nvention h Sﬁd on _using trimethyl silane as the
or ganodd | aWé‘Jlﬁh% FEhy 29 dnteHayat diglectHE Iavas an intsenedil dislectigoayersia rapping
waf er subrsT{rate. Table | Pressure (torr)4.0 Substrate tenperature 350 (C)
Spaci ng ( mY§3AFREIGURRchenikat Risazization IRMR) preteh slepfavsn Sharmies taye) (€02,
flow (sccm9Q SiF4 flow (scem)250 -15 9 Novenber 2005 Preferably, the
Bedediftot thmeeh

i nventive S ovater of oihergnatepials dhad $as bepingesirabie ighinsulating
:E E;,? u?ﬂguél;ag%%é ggéf}or \Elamn %ﬁhé‘goﬁ ?ayg(rainbgnuirr]l?eg?gteg rc]:%ctgitr.] e'I(')hrei f%rsns cia':'t fci>rsrn gecloin%\;;gi
coating. The mechanical properties exhibited by these films make them particularly
15 suitable for use in Al subtractive technology and Cu damascene technology.
The films are compat?ble with chemical mechanical plan-arization and anisotropic
etching, and are capable of adlﬁering to a variety of materials, such as silicon, SiQ,,
SialNa, OSG, FSG, silicon carbide, antireflective coatings, photoresists, organic polymers,
Porous organic and inorganic materials, metals such as copper and aluminum, and metal
20  barrier layers, |
Although the invention is particularly suitable for providing films and products of
the invention are largely described herein as films, the invention is not limited thereto.
Products of the invention can be provided in any form capable of being deposited by
CVD, such as coatings, multilaminar assembliés, and other types of objects that are not

25 necessarily planar or thin, and a multitude of objects not necessarily used in integrated

circuits.
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of the invention provides filns having nore uniformdistribution of
‘inorganic fluorine throughout the entire cross-section of the film unlike
mul ti step post-treatnent fluorination 5 processes, such as taught by Uchida
at al. In addition, any insubstantial anmounts of organic fluorine present
in films of the invention (wherein "insubstantial" is he? Blovember28@5 f or

this purpose as pej ] ess, th % of th otal fluorine content, nore
preferably |ess P&% t"J‘l'B/?Oowet ﬁgerﬁg aﬁ’rog‘ljﬁbhen@eﬁgﬁt'@m’ﬁuopé”cgllj(g’t? ths erocess
uniformy distri .ed. thro out the entir ross-section of the filmand
i s not cenﬁbgqq%)%ﬁ B’}?ﬁ"&#@‘g}s T@dilaf‘ﬂénﬁ#ho"% @i“ﬁapéﬁiméag% step is
preferred in many instances, .t is also within the scope of the invention
to post-treat thli1 FFﬁWa?W@Pd@Eﬁ&i &\%H’."e@t%h CREeNses &k iRroreth Prasessder
e.g., at least one therpal . treatnment, plasma treatnent and chem cal
t r eat ment . fﬁ‘?é’sﬁf‘pnc%g W&F%F’Eﬁ[ Va%p%c’?@a”-tWh%(et”hPC?QH@SDfoPOCEWﬂUUWIﬁ)
m crons,. although 15 the %hi ckness can be varied as required. The bl anket
film deﬁosictoélapgﬂtsa'”ﬁfﬁﬁwfa lgiinfe guring, At deast i sodiepcdf st depasitionnef yn AFGh a
variation in thickness of |ess than 2% over 1 standard deviation across
the subst r P&tk 19 Rrofee; filp subeagiially.feenf icsganiafiearisen thusgthe ingentmmean
out ernost edge of the substrate is not included in the statistical
cal cul at i orPSo¥sed 9 impreNe priorpeonteapaignoand {utye Rreeesses. in@uding thasecdiscisssd
with the bul k density being correspondingly decreased to cause further
reduct i on A% HaMEdNdEBr Patse dost 6064579t hd47,08%9 and 81159 1eareY™D 9§/4t1H23.
applicability of this material to future generations (e.g., k < 2.5). The
i nvention WiTPAugle Produesd dyethsi improved deecess enivh impfavedneperties helative to
following 25 Exanples, but it should be understood that the present
i nvent i1Bn icenMeatichalyretpduset eroducts. t Beefermblyealoleasti@nepmmohanital praeady of the
EXAMPLES All experinents were performed on an Applied Materials
Pr eci si on- H00isssteaned byaab Besini Bz the dheroral fstatildyl ofithe fim isdnenecsedEnibegy
2000 rf generator, using an undoped TECS process kit. The recipe involved
t he fol | ownighgriealistabiiite pEthei fiint i dicrersed gnd/@ tha @neitanmidnital atability of trgalim is
fl ows, deposition, and purge/evacuation of chanber prior to wafer renoval.
Subsequent ['Ycreasethanber cl ean was perforned after each deposition using an
insitu C2F6 + 02 clean followed by a chanber seasoning step. Dielectric
constants were dEleePigcRitohtalg aHimphaing a buhdielgoicoonstent casprises\the gteps
p-type wafers (< 0.02 ohmcm, nechanical properties were determ ned using
MIS  18°Narké: (Ableigvising 2 sebstedte wiithivi 4 vaguuamdhamiery éy infraxtieinigsintegthe vacuum
determ ned by thernogravinetric analysis on a Thernmo TA Instrunments 2050
TGA coupl e¢hembgr gpe@!s eaterts dacludieg arfuegnepraviliy §&), an7e@gliVRrokiding \was e
obt ai ned on a Bruker ASX-200, conpositional data were obtained by x-ray
phot oel ect r36H alpleast e pIREUSRPIRS Grlestedrhysitbalgréipe consiating of E006IgSnodiGane
Conpar ati ve Exanples 1-6 were produced in accordance with the teachings of
U.S. Pats. adsaneorugoosiptanadas] (6 2BpI9ingaeneruyD t6 thd 1422 ouaneagentstiabshiat ed
in Table

chamber to induce reaction of the gaseous reagents and to form the film on the

20 substrate.

Preferably, the substrate is a semiconductor.

Organosilanes and organosiloxanes are the preferred precursor gases. Suitable
organosilanes and organosiloxanes include, e.g.: (a) alkylsilanes represented by the
formula R',SiR?.,, where n is an integer from 1 to 3; R' and R? are independently at

25  least one branched or straight chain C4 to C, alkyl group (e.g., methyl, ethyl), a C; to Cs

substituted or unsubstituted cycloalkyl group (e.g., cyclobutyl, cyclohexyl), a C; to Cy
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- 2 below. Table 2. Data for OSG depositions fromtrinethylsilane and oxygen
20 9 Novenber 2005 Conparative Exanple 12346 No. Substrate Tenp.

(©) 35035035035050350 Thi ckness (nm) 6686336616694643 Uniformty (+/-)8675
Refractive Indexl.4421. 4391. 4441.4411. 4445

Uni f or mi t y0. 00730. 00700. 00900. 0047 ver age Cap / Hg (pF) 38 Mnvesthes 4009

A7 o LRI PR ooy
e dress (b ginind BTN, ﬁ%%%%@a@ﬁnéﬁ?’ iz ©
B chen, Y SIS MR P o Ml 1 Tl i
,Tab ! e 3 bﬁ}%l%\ﬁa&gsm %lqutl%md% %Hquat%gﬁ Flded et(ee Sr;r'n ne?hytl)élllane X&%gtﬁglssﬂggl ©
5 trimethylsilane, tetramethylsilane, phenylsilane, methylphenylsilane, cyclohexylsilane,
tert-butylsilane, ethylsilane, diethylsilane, tetraethoxysilane, dimethyldiethoxysilane,
dimethyldimethoxysilane, dimethylethoxysilane, methyldiethoxysilane, triethoxysitane,
trimethylphenoxysilane and phenoxysilane); (b) a linear organocsiloxane represented by
the formula R'(R?,Si0),SiR?; where n is an integer from 1 to 10, or cyclic organosiloxane
10 represented by the formula (R'R?SiO), where n is an integer from 2 to 10 and R' and R?
are as ldefinecl above (e.g., 1,3,5,7-tetramethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethyicyclotrisiioxane, hexamethyldisiloxane, 1,1,2,2-
tetramethyldisiloxane, and octamethyltrisiloxane); and (c) a linear organosilane oligomer
represented by the formula R*(SiR'R%),R? where n is an integer from 2 to 10, or cyclic
15 organosilane represented by the formula (SiR'R%),, where n is an integer from 3 to 10,
and R' and R® are as defined above (e.g., 1,2-dimethyldisilane, 1,1,2,2-
tetramethyldisilane, 1 .2—.dimethyl—1 ,1.2,2-dimethoxydisitane, hexamethyidisilane,
octamethyltrisitane, 1,2,3,4,5,6-hexaphenylhexasilane, 1 2—d!methyl -1,2-diphenyldisilane
and 1,2-diphenyldisilane).
20 In certain embodiments, the organosilaneforganosiloxane is a cyclic alkylsilane, a
' cyclic alkoxysilane or contains ‘at, least one alkoxﬁr or alkyl bridge between a pair of
silicon atoms, such as 1,2-disilanbethané, 1,3-disilanopropane, dimethylsilacyciobutane,
1,2-bis(trimethylsiloxy)cyclobutene, 1,1-dimethyl-1-sila-2,6-dioxacyclohexane, 1,1-
dimethyl-1-sila-2-oxacyclohexane, 1,2-bis(trimethylsiloxy)ethane, 1,4~

25 bis(dimethylsilyl)benzene or 1,3-(dimethylsilyl)cyclobutane.
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In certain embodiments, the organosilane/organosiioxane contains g reactive
side group selected from the group consisting of an epoxide, a carboxylate, an alkyne, a
diene, phenyl ethynyl, a strained cyclic group and a C, to Cyp group which can sterically
hinder or strain the organosilane/organosilﬁxane, such as trimethylsilylacetylene, 1-
(trimethylsilyl)-1,3-butadiene, trimethylsilylcyclopentadiene, trimethyisilylacetate and di-
tert-butoxydiacetoxysilane.

Preferred fluorine-providing gases lack any F-C bonds (i.e., fluorine bonded to
carbon}, which could end up in the film. Thus, preferred fluorine-providing gases include,
e.g., SiF4, NF3, Fa, HF, SFg, CIF;, BF;, Brfs, SF,, NF,Cl, FSiMs, F,SiH,, F1SiH,
organoﬂuorosi!anes and mixtures thereof, provided that the organofluorosilanes do not
include any F-C bonds. Additional preferred fluorine-providing gases include the above
mentioned alkylsilanes, alkoxysilanes, linear and cyclic organosiloxanes, linear and
cyclic organosilane oliéomers, c}'clic or bridged organosilanes, and organosilanes with
reactive side groups, provided a fluorine atom is substituted for at least one of the silicon
substituents, such that there is at least one Si-F bond. More specifically, suitable
fluorine-providing gases include, e.g., fluorotrimethylisilane, difluorodimethyisitane
methyltrifluorosilane, flurotriethoxysilane, 1,2-difluoro-1,1,2,2 -tetramethyldisilane, or
difluorodimethoxysilane. | |

Suitable oxygen-providing gases include, e.g., O, N,O, ozone, hydrogen
peroxide, NO, NO,, N.O4, or mixtures thereof.

It is within the scope of the invention for a single species of molecule to function
as more than one of the precursor gas, - the oxygen-provid-ing gas and the fluorine-
providing gas. That is, the precursor gas, the oxygen-providing gas and the fluorine-
providing gas are not necessarily three different gases. For example, it is possible to
use dimethoxymethylfluorosilane to provide silicon, carbon, oxygen and fluorine. It is

also possible‘to use a single gas to act as a precursor and oxygen-providing gas (e.g.,

-13 -
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tetrasthoxysilane, trimethylsilylacetate or dimethoxydimethylsitane, each of which

provides carbon, oxygen and silicon), to use a single gas fo act as a precursor and a

fluorine-providing gas (e.g., trimethyifiuorosilane, which provides carbon, fluorine and

silicon), etc. In any case, it is preferred to avoid the use of any reagents containing C-F
5  functionalities.

Although the phrase “gaseous reagents” is sometimes used herein to describe
the reagents, the phrase is intended to encompass reagents delivered directly as a gas
to the reactor, delivered as a vaporized liquid, a sublimed solid and/or transported by an
inert carrier gas into the reactor.

10 In certain embodiments, mixtures of different organosilanes and/or
organosiloxanes arer used in combination. It is also within the scope of the invention to
use combinations of multiple different fluorine-providing gases and/or combinations of
multiple different oxygen-providing agents along with or separate from combinations of
different organosilanes and/or organosiloxanes. Moreover, it is also within the scope of

15 the invention to use a fluorinated organosilane (to provide fluorine and/or carbon) along
with a non-fluorinated organosilane (to provide carbon).

in addition to the fluorine-providing gas, the oxygen-providing gas and the
organosilaneforganosiloxane, additional materials can be charged into the vacuum
chamber prior to, during and/or after the deposition reaction. Such materials include,

20  e.g. inert gas (e.g., He, Ar, Ny, Kr, Xe, etc., which may be required as a carrier gas for
lesser volatile precursors and/or which can promote the annealing of the as-deposited
materials and provide a more stable final film) and reactive substances, such as gasebus
or liquid organic substances, NH,, H,, CQO,, or CO. Organic substances, such as, e.q.,
CHa, CaHg, CoHa CyH, CaHs, benzene, naphthalene, foluene and styrene and can

25  provide carbon for inclusion in the inventive films.

-14 -
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Energy is applied to the gasecus reagents to induce the gases to react and to
form the film Von the substrate. Such energy can be provided by, e.g., thermal, plasma,
pulsed plasma, helicon plasma, high density plasma, inductively coupled plasma, and
remote plasma methods. A secondary f frequency source can be used to modify the

5  plasma characteristics at the substrate surface. Preferably, the film is formed by plasma
enhanced chemical vapor deposition. 1t is particularly preferred to generate a
capacitively coupled plasma at a frequency of 13.56 MHz. Plasma power is preferably
from 0.02 to 7 watts/cm?, more preferably 0.3 10 3 wattsfcrhz,'based upon a surface area
of the substrate. |

10 The flow r_ate for each of the gaseous reagents preferably ranges from 10 to 5000
scem , more preferably from 200 to 2000 sccm, per single 200 mm wafer. The individual
rates are selected so as to provide the desired amounts and ratios of fluorihe, carbon,
etc. in the film. The actual flow rates needed may depend upon wafer size and chamber
configuration, and are in no way limited to‘200 mm wafers or single wafer chambers.

15 It is preferred to deposit the film at a depositio'n rate of at least 50 nm/min.

The pressure in the vacuum chamber during deposition is preferably 0.01 to 600
torr, more preferably 1 to 10 éorr.' -

A preferred recipe of the invention based on using trimethyl silane as the

organosilane precursor is shown in the Table 1 below for 200mm silicon wafer substrate.

Table 1
Pressure (torr) 4.0
Substrate temperature 350
°C)
Spacing (mil) 320
RF power (Watts) 400
Trimethylsilane flow 540
{sccm) - ,
O flow (scem) 90
SiF, flow (sccm) 250
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Preferably, the inventive process is completed in a single process step with high
throughput. Without wishing to be bound by any theories, it is believed that the process
of the invention provides films having more uniform distribution of inorganic fluorine
throughout the entire cross-section of the film, unlike'muitistep post-treatment fluorination
processes, such as taught by Uchida et al. in addition, any insubstantial amounts of
organic fluorine present in films of the invention (wherein “insubstantial” is herein defined
for this purpose as being less than 5% of the total fluorine content, more preferably less
than 1% of the total fluorine- content) is also more uniformiy distributed throughout the
entire cross-section of the film and- is not centrally concentrated_.

Although a single process step is preférred in many instancés, itis alsb within the
scope of the invention to post-treat the film after deposition. Such post~tréating can
include, e.g., at least 6ne of thermal treatment, plasma treatment and chemical
treatment.

The film is preferably deposited to a thickness of 0.002 to 10 microns, although
the thickness can be varied as required. The blanket film deposited on a non-patterned
surface has Iexcellent uniformity, with a variation in thickness of less than 2% over'1 :
standard deviation across the substrate with a reasonable edgé exclusion, wherein e.,g.,
a 10mm outermost edge of the substrate is not included in the statistical calculation of
uniformity.

The porosity of the film can be increased with the bulk density being

correspondingly decreased to cause further reduction in the dielectric constant of the

‘material and extending the applicability of this material to future generations (e.g., k <

2.5).
The invention will be illustrated in more detail with reference to the following
Examples, but it should be understood that the present invention is not deemed to be

limited thereto.
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EXAMPLES

All experiments were performed on an Applied Materials Precision-5000 system
in @ 200mm DxZ chamber fitted with an Advance Energy 2000 rf generator, using an
undoped TEOS process kit. The recipe involved the following basic steps: initial set-up
and stabilization of gas flows, deposition, and purge/evacuation of chamber prior to
wafer removal. Subsequently, a chamber clean was performed after each deposition
using an in situ C,Fg + O, clean followed by a chamber seasoning step.

Dielectric constants were determined using Hg probe technique on low resistivity
p-type wafers (< 0.02 ohm-cm), mechanical properties were determined using MTS
Nano Indenter, thermal stability and off-gas products were determined by
thermogravimetric analysis on a Thermo TA Instruments 2050 TGA coupled to a MIDAC
infrared spectrometer (TGA-IR). "C-NMR data were obtained on a Bruker ASX-200,
compositional data were obtained by x-ray'photoelectron'spectroscopy (XPS) on a
Physical Electronics 5000LS.

Comparative Examples 1-6 were produced in accordance with the teachings of
U.S. Pats. Nos; 6,169,871 and 6,054,379, and WO 99!41 123, and are tabulated in Table
2 below.

Table 2. Data for OSG depositions from trimethylsilane and oxygen

-17 -

U OMO U 000 00000 OV U 0 OO



O NO NO M NONO U

U)

NO NOO O U

LUN N MO OI N M O N MN 0)

5

NO NO U

NW N NN O

9 November 2005

Comparative Example
No, 1 2 3 4 5 6
- {Substrate Temp. (°C) | 350 | 350 | 350 | 350 | 350 | 350 |
Thickness (nm) 668 | 633 | 661 | 669 | 1324 | 643
Uniformity (+/-) 8 6 7o 12 5
Refractive Index 1.442 | 1.439 | 1.444 | 1.441 | 1.431 |1.4445
Uniformity (+/-) 0.0073|0.0070(0.0090{0.0073{0.0047
Average Cap./Hg (pF) 38 39.1 37.5 | 20.9
Dielectric Constant 3.03 | 2.97 299 | 3.02
Adhesion (Tape Pull) | 100% | 100% | 100% [ 100% | 100% | 100%
Young's Modulus
(GPa) 8.7 9.0 8.4 7.6 7.1 8.2
NI hardness (GPa) 1.4 1.4 1.3 1.1 1.1 1.3
Elemental (XPS)
% C 222 | 233 | 235 | 235 | 22.4
% Si 32.7 | 35.2 35 35.1 | 35.3
% O 443 | 411 | 412 | 414 | 42.3
% F 0 0 0 0 0

Note: Atomic % hydrogen not determined by XPS for Table 2.

Physical studies of several different films produced in accordance with the

XPS for Table 3).

-18 -
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Thickness and refractive index were measured on an SCI Filmiek 2000
Reflectometer, 5 point average. Adhesion was measured by a tape pull test. Young’s
modulus and nanoindentation hardness were measured on an MTS Nanoindenter.
Elemental analysis by XPS was measured after a 30 second Ar sputter. The atomic®%
values reporied in the tables do not include hydrogen.

Figs. 1a and 1b show Isothermal TGAs at 425°C under N, for 5 hours followed by
air. These figures show that the thermal stability of the inventive film (Example 16) is
slightly superior to OSG type materials under inert (N, atmosphere). However, upon
switching ambient atmosphere to air, a dramatic and rapid weight loss is seen for the
OSG méterial whereas the fitm of the invention material shows excellent stability.

Figs. 2a and 2b show TGA scans in nitrogen or air to 1000°C after isothermal at
425°C. These figures show the thermal stability of the inventive film (Example 16, shown
in Fig. 2a) versus OSG (shown in Fig. 2b) upon scanning to 1000°C in air. The OSG
material shows a much more rapid weight loss starting at about 400°C when scanning at
10°C/min in nitrogen, whereas the inventive film shows a much less rapid weight ioss
over an extended period of time and starting only at about 470°C/min when scanned at
10°C/min in air, . .

Fig. 3 shows IR profiles fof the film of Example 16 and OSG at 425°C isothermal
in air. This figure shows that while the inventive film {dotted line profiles) loses only CO,
and water, the OSG material (solid line profiles) losses a substantially larger amount of
CO; as well as water and CH,. There was no indication of any fluorinated organic
materials being released from the sample, which would be expected if the material did
possess any.

Fig. 4 shows a *C NMR spectrum of the film of Example 16, in which there is no
visible sign of organic fluorine, which would be expected to show a signal at about +90
ppm for —CHF up to about +150ppm for —CFs. The only form of carbon seen by this

technique is carbon attached to silicon, showing a response centered around 0 ppm.

_20-
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Thus, the invention provides fitms and processes for making such films, wherein
the films are substantially or completely free of C-F bonds, and have a low dielectric
constant and improved mechanical properties, thermal stability, and chemical resistance
(to oxygen, aqueous environments, etc.) relative to OSG materials.

5 Example 21

A prospective .exémple of the invention based on wusing 1,35,7-

tetramethylcyclotetrasiloxane (TMCTS) as the organosilane precursor is shown in Tabie

4 below for a 200mm silicon wafer substrate.

10 Table 4

Pressure (torr) 4.0
Substrate temperature 350
°C) ‘

Spacing (mil) 250
RF power (Watts) 300
TMCTS (g/min) 1.0
0, flow (sccm) 50
SiF, flow (sccm) 150

The expected k value will be in the range of 2.8 to 3.0, with a Young's modulus of
about 15 GPa and anaﬁoindentation hardness of about 2 GPa.
A prospective example of the invention based on using dimethyldimethoxysilane
15 (DMDMOS) as the organosilane precursor is shown in Table 5 below for a 200mm

silicon wafer substrate.

Table 5

Pressure (torr) 4.0
Substrate temperature 350
(°C)

Spacing (mil) 250
RF power (Watts) 500
DMDMOS (g/min) 1.0
O, flow (sccm) 100
SiF, flow (scem) 200

21 -
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The expected k value will be in the range of 2.8 to 3.0, with a Young's modulus of

about 15 GPa and a nanoindentation hardness of about 2 GPa.
A prospective example of the invention based on using diethoxymethylsilane
(DEMS) as the organosilane precursor is shown in Table 6 helow for a 200mm silicon

5  wafer substrate.

Table 6
Pressure (torr) 4.0
Substrate temperature 350
(°C) : |
Spacing (mil) 250
RF power (Watts) 300
DEMS (g/min) 1.0
- O, flow (scem) 100
SiF, flow (scem) 200

The expected k value will be in the range of 2.8 to 3.0, with a Young's modulus of

about 15 GPa and a nanoindentation hardness of about 2 GPa.
10 While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.

15
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TITLE OF THE INVENTION:
LOW DIELECTRIC CONSTANT MATERIAL AND

METHOD OF PROCESSING BY CVD

CLAIMS

1. A film represented by the formula Si,0.CH,F,, where vtw+x+y+z = 100%, v
is from 10 to 35 atomic%, w is from 10 to 65 atomic%, y is from 10 to 50
atomic%, x is from 2 to 30 atomic%, and z is from 0.1 to 15 atomic%, wherein

substantially none of the fluorine is bonded to the carbon.

2. The film of claim 1, wherein most of the hydrogen is bonded to the carbon.
3. The film of claim 1, having a dielectric constant of less than 3.5.
4. The film of claim 1, having a dielectric constant of less than 3.0.

5. The film of claim 1, having a bulk density of less than 2.0 g/cc.

6. The film of claim 1, having a bulk density of less than 1.5 g/cc.

7. The film of claim 1, having a pore size less than 5 nm equivalent spherical
diameter, as determined by small angle neutron scattering or positron
annihilation lifetime spectroscopy.

8. The film of claim 1, having a pore size less than 2.5 nm equivalent spherical
diameter, as determined by small angle neutron scattering or positron
annihilation lifetime spectroscopy.

9. The film of claim 1, provided as an insulation layer, an interlayer dielectric

-23-
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layer, an intermetal dielectric layer, a capping layer, a chemical-mechanical
planarization or etch stop layer, a barrier layer or an adhesion layer in an
integrated circuit.

The film of claim 1, having an average weight loss of less than 1.0 wt%/hr
1sothermal at 425°C under N».

The film of claim 1, having an average weight loss of less than 1.0 wt%/hr
1sothermal at 425°C under air.

The film of claim 1, having a bulk density of less than 1.5 g/cc, a pore size less
than 2.5 nm equivalent spherical diameter, as determined by small angle

neutron scattering or positron annihilation lifetime spectroscopy, wherein most

of the hydrogen is bonded to the carbon, and the film is deposited on a substrate as an

insulation layer, an interlayer dielectric layer, an intermetal dielectric layer, a capping

13.

14.

15.

layer, a chemical-mechanical planarization or etch stop layer, a barrier layer or
an adhesion layer in an integrated circuit.

The film of claim 1, wherein x/z > 0.25.

A film represented by the formula Si,0.CHF,, where v+w+x+y+z = 100%, v
is from 10 to 35 atomic%, w is from 10 to 65 atomic%, y is from 10 to 50
atomic%, x is from 1 to 30 atomic%, and z is from 0.1 to 15 atomic%, provided
that x/z > 0.25, wherein substantially none of the fluorine is bonded to the
carbon.

The film of claim 14, having a bulk density of less than 1.5 g/cc, a pore size

less than 2.5 nm equivalent spherical diameter, as determined by small angle

24
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f or m of on see S chnique s carbon attached to silicon,
showi ng a response centered around O m -20 9 Noyenber 2005 Thus,. .the
vent lon provides FRTHEEAE 2 % e IR0 SRR Th L LRI (RN P ¢ he
films are substantially or cogpl etely free of C-F bonds, and have a | ow

Y

di el ect ri el the gassounteagems mblodoen opdlasurpieate 2 flmgepreseied RnBe demmws api | ty,

and chem cal resistance (to oxygen, aqueous environnents, etc.) relative
to OSG nBit6nCalld,, Ghéx anptat+gtz = 100%, v is from 10 to 35 atomic%, w is from 10 to 65

atomic%, y is from 10 to 50 atomic%, x 1s from 2 to 30 atomic%, and z is from 0.1 to 15
atomic%, wherein substantially none of the fluorine is bonded to the carbon.

17. The method of claim 16, wherein the at least one precursor gas is an alkylsilane of
the general formula RlnSiR24_n, where n is an integer from 1 to 3; R' and R? are
independently at least one branched or straight chain C; to Cg alkyl group, a C; to
(g substituted or unsubstituted cycloalkyl group, a C; to Cyo partially unsaturated
alkyl group, a Cg to C; substituted or unsubstituted aromatic, a corresponding
linear, branched, cyclic, partially unsaturated alkyl, or aromatic containing alkoxy

groups, and R is alternatively hydride.
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A prospective exanple of the invention based on using 1, 3,5, 7-

tetranet hyl cycl ot etrasi | oxane (TMCTS) as the organosil ane precursor is
shown in Table 4 below for a 200mm silicon wafer substrate. 10 Table 4
Pressure (torr)4.0 Substrate tenperature 350 (C) Spacing (ml)250 RF power
(Watts)300 TMCTS (g/min)1.0 02 flow (sccm 50 SiF4 flow @Nowgrmber 26@5
expected k value will be in the range of 2.8 to 3.0, with a Young' s nodul us
of about 15 GPa and a nanoi ndent ati on hardness of about 2 GPa. A
prospective exanple of the invention based on using dinethyl di net hoxysil ane
15 ( DVDMVOS)!8adhe meetidyahelaim die wWhersin theo plkylsilansoisrd mempgh selegted drasytheor a
200mm silicon wafer substrate. Table 5 Pressure (torr)4.0 Substrate

t enper at ure 38@upC) Suasting (nfl ) 2H6thREilpoeyer diethty$iso€ DMDABShylgilanien) 1. 0
02 flow (sccm _ 100 SiF4 flow (sccn) 200 -21 9 Novenber 2005 The expected k

value will betdmanteliglsiange ghenglsBate) %&hylghéﬂylﬁlaﬁe,ungjfdom(j}ullhk&,OfteﬂbOUt
15 GPa and a nanoi ndentati on hardness of about 2 GPa. A prospective exanple

O ounest Taon!coBusse Lnstginaih iy T slpse. EEMEam St
wafer substrayguculARhffoReiaRl  (bhddeRoBuEhe 2 © LRIRGAS G, (O
triethoxysilane, trimethylphenoxysilane and phenoxysilane.
19. The method of claim 16, wherein at least one of the fluorine-providing gas and the
at least one precursor has the formula R]nSiF4-n, where n is an integer from 1 to 3;
and R’ is at least one branched or straight chain C; to Cy alkyl group, a Ci to Cg
substituted or unsubstituted cycloalkyl group, a C, to C; partially unsaturated alkyl
group, a Cg to Cy; substituted or unsubstituted aromatic, a corresponding linear, branched,
cyclic, partially unsaturated alkyl, or aromatic containing alkoxy groups.
20. The method of claim 19, wherein at least one of the fluorine-providing gas and the
at least one precursor is fluorotrimethylsilane, difluorodimethylsilane
methyltriflucrosilane, flurotriethoxysilane or difluorodimethoxysilane.
21. The method of claim 16, wherein the at least one precursor is a linear
organosiloxane of Formula I: R'(R%Si0),SiR?; where n is an integer from 1 to 10
or a cyclic organosiloxane of Formula IT; (R'R*Si0), where n is an integer from 2
to 10; R! and R? are independently at least one branched or straight chain C; to Cg
alkyl group, a C; to Cy substituted or unsubstituted cycloalkyl group, a C; to Cjo
partially unsaturated alkyl group, a Cs to C, substituted or unsubstituted aromatic,

or a corresponding linear, branched, cyclic, partially unsaturated alkyl, or aromatic
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RF power (WAtts)300 DEMS (g/mn)1l.0 @2 flow (scorn)100 SIF4 flow (SCCM
1200 The expected k value will be in the range of 2.8 to 3.0, with a
Young's nodul us of about 15 GPa and a nanoi ndentati on hardness of about 2
GPa. 10 While the invention has been described in detail and with _reference
to specific exanples thereof, it will be apparent to ofeNewembet20@St he
art that various changes and nodifications can be nmade therein w thout
departing fromthe spirit and scope thereof. 15 9 Novenber 2005 TITLE OF
THE | NVENTI O\ LOW DI ELECTRI C CONSTANT . MATERI AL AQP METHOD OF PROCESSI NG
BY CVD CLAI vscantaipmg alkgxympusesidely 1ypliematiydy Rududesi vow CXHYFZ, wher e
v+wtx+y+z = 100% v is from1l0 to 35 atomc% wis from10 to 65 atom c%
y is from 22. The Bcthat oficledyg 2, whefaim the organdiloganpmiscsectaddfrom; ihefgrein 0. 1
to 15 atomc% wherein substantially none of the fluorine is bonded to the
carbon. 2. Theodsistifgodf ¢Re, Tictkramiditensicioiemsilondne] betanyednogeiotetsasiloraed t o
the carbon. 3. The filmof claim1l, having a dielectric constant of |ess

than 3.5. 4. fhenfdiyRRlothlifixdhd, hBehdBy1RisHbSIeCtT 1 0 XRAGHRMyIRiIKkESS than
3.0. 5. The filmof claim1, having a bulk density of less than 2.0 g/cc.

6. The filmof cﬂxﬁéﬂ%&l ltrrla@{)ixglgea bul k density of less than 1.5 g/cc. 7. The
filmof clai mll, avi né a pore’size less than 5 nm equi val ent spheri cal

di aneter, term ne . spal |, angl e neutro cattering or positron
anni hi | ati ?ﬁ-&ﬁ? Bief %pf%ﬂ@d‘&}ﬁ‘}@gﬁ loppieone QL PoR Epsio Preqyisor 88° dyor e

size less than 2.5 nm equi val ent spherical dianeter, as determ ned b%/
smal | angl e nthet Huminequeyidingngpsdp apryslie osAincamenganesdek s, Mbid pepgains a
spectroscopy. 9. The filmof claim1, provided as an insulation |ayer, an
i nterl ayer di BastaineiSi-F baad. 9 Novenber 2005 |ayer, an internetal dielectric
| ayer, a capping |ayer, a chem cal -nechanical planarization or etch stop

|layer, a bawr TRE me@RN ofMaifN A HREIR e AN&st b fcurkdt 8 ANHetoghnhdsithhie 10.
The filmof claim1, having an average weight loss of less than 1.0 wt % hr

wmi gt 1 oss. of g YRR el o A R GRIR RN A iR RO & 89°

less 1 hatt 2 e aF o G eieotghaF MeadenitL iErals T8 Riw afsrrni whcker ) *°

angl e from 3 to 10; R! and R? are at least one branched or straight chain C, to Cs alkyl group, a
C; to Cg substituted or unsubstituted cycloalkyl group, a C; to Cjp partially
unsaturated alkyl group, a Cg to C;; substituted or unsubstituted aromatic, or a
corresponding linear, branched, cyclic, partially unsaturated alkyl, or aromatic
containing alkoxy groups, and R” is alternatively hydride.

25. The method of claim 24, wherein the linear organosilane oligomer 1s selected from
the group consisting of 1,2-dimethyldisilane, 1,1,2,2-tetramethyldisilane, 1,2-
dimethyl-1,1,2,2-dimethoxydisilane,  hexamethyldisilane, octamethyltrisilane,
1,2,3,4,5,6-hexaphenylhexasilane, 1,2-dimethyl-1,2-diphenyldisilane and 1,2-
diphenyldisilane.

26. The method of claim 16, wherein at least one of the organosilane and the fluorine-
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neutron scattering or positron annihilation |ifetinme spectroscopy, wherein
nost of the hydrogen is bonded to the carbon, and the filmis deposited on
a substrate as an insulation layer, an interlayer dielectric |ayer, an
internetal dielectric layer, a capping |ayer, a chem cal - nechani cal

pl anari zation or etch stop layer, a barrier layer or ar® hldivesiben 208per in
an integrated circuit. 13. The filmof claim1, wherein x/z > 0.25. 14. A
filmrepresented by the formula Si VOn. CXHyF,, where v+w+x+y+z = 100% v 1is
from10 to 35 atomic% wis from10 to 65 atomc% y is from1l0 to 50

atom c% x i sProdfing g2 13@ HncaRios wyclmareanpylong oligomer path &t lkpgremeopi-F
provided that x/z > 0.25, wherein substantially none of the fluorine is
bonded to t hebopédrbon. 15. The filmof claim 14, having a bul k density of

|l ess than 1.5 g/cc, a pore size |less than 2.5 nm equival ent spheri cal

di aneter, az7.dvicendtha el A¥ins M@ IWheadighite Adedt dypabatordd Qe yelealkolilane, a
scattering or positron annihilation lifetinme spectroscopy, wherein nost of

the hydrogen ichl‘P@ﬂﬁ st18hd & ohBiROR lead\Che! dioxt 'drguiﬁ bﬁ@?&ﬁ&%@n @Daf of
substrate as an insulation layer, an interlayér dié€lectric |ayer, an
internetal di %I ect rLc S | ayer, a capping |ayer, a chem cal - nechani cal

pl anari zati on 8][' Bf stop layer, a barrier layer or an adhesion |ayer in

an integrated circuit., 16. A chem cal vapor deposition nethod co i Sing:
a. pr ovigdi e & R UPENPd OF CIFth 1 /n WRCTERR &chlﬁ%?ﬁﬁg? PTeSUrsop iy igtfgﬁ%ggtﬁ%est ﬁe
vacuum chanber gaseous reagents including a fluorine- providing gas, an
oxygen- pr ovi dilagdigdsnaprepaae, diswstylslheyqietadanes di2-gjadrimethabsiledyydabuthee,
group consi sting of an organosilane and an organosil oxane; and c. applying
ener gy to the lghgeodlylrlesgelbsiiotucselbhbxahanbit-dimethpdLica-Ceaat yashexafe, t he
gaseous reagents and to formon the substrate a filmrepresented by the
formula Si* Oﬂ%bfﬁ%et%roﬁy)ém@zﬁwwzl,abblgt@i’(ﬁetuylsimjueﬁﬁarko t 0035 ayoui c%

wis from1l0 to 65 atormic% "y is from1l0 to 50 atomc% xis from2 to 30

atom c% and z.] 15 atom c% wherein substantially none of
the fluorine i%é&%%&%g%a}tgg)%?%gebar bon. 17. The nethod of claim 16, wherein

the at legst o precursqr. . gas is .an.alkylsjlane of the general fornula
R" Si R24§,3', , \,auilgrrgetﬁm; ggg}g?qln]téedg}erqlpé gt least:;c’)nem)recéq{aorlzéméqnés a reactive

i ndependent |y at | east one branched or straight chain  to C8 al kyl group,
a C3 to cHesmeun selentetifrom tha Subpt omsisbae ef et epaxids. agashaxylaie. @ allynel a
partially unsaturated alkyl group, a C6 to Cl2 substituted or

unsubst i t ut ed dienenmatphenylatioyi, esgomdidngyclit ignegr andoa &habddly gooupl which can
partially unsaturated al kyl, or aromatic containing al koxy groups, and R2

is alternativelafchtdhinder ordfral thoerhe bne fRRoudr gakhe net hod of claim 17,
wherein the alkylsilane is a nenber selected fromthe group consisting of

eyl o1 | ante: TETFPSA S PRF 16, RIS HhORE Pk AR, It om the
group consisting of SiF4, NF3, Fy, HF, SFs, CIF3;, BF;, BrF;, SF4, NF.Cl, FSiH;,
F,SiH,, F;SiH, organofluorosilanes and mixtures thereof, provided that the
organofluorosilanes do not include any F-C bonds.
31. The method of claim 16, wherein the oxygen-providing gas is O, N2O, ozone,
hydrogen peroxide, NO, NO,, N;Q4, or mixtures thereof.

32. The method of claim 16, further comprising depositing the film on a semiconductor

substrate at a thickness of 0.002 to 10 microns.
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butyl sil ane, ethylsilane, diethylsilane, tetraethoxysilane,

di net hyl di et hoxysi | ane, di net hyl di net hoxysi | ane, di net hyl et hoxysi | ane,

met hyl di et hoxysil ane, triethoxysilane, trimethyl phenoxysilane and
phenoxysi | ane. 19. The nethod of claim 16, wherein at |east one of the
fluorine-providing gas and the at |east one precursor hadlavember20iba
R"SiF4 ,,, where nis an integer froml to 3; and R is at |east one
branched or straight chain Cl1 to C8 alkyl group, a C3 to C3 substituted or
unsubstituted cycl oal kyl group, a C2 to Cl0 partially unsaturated al kyl
group, a O3} dhenmwthedafiqlaim Ky fithensempssing ysing e Glmey an ingulaben BypoAdi ng

| i near, branched, cyclic, partially unsaturated alkyl, or aromatic

cont ai ni ng al huxyaygr odipkectriz0 laytheamentvadctaf ditladtric 1@yenmherappingt ldyegsa one
of the fluorine-providing gas and the at |east one precursor is

f1 uor ot ri net hghghican@ecilinidal prafshiziBbht sich 39 1a Ve NWArkiet falybOs08] AdhBSon
flurotriethoxysilane or difluorodinethoxysilane. 21. The nethod of claim

16, wherein t ; : ursor is a linear organosil oxane of
Formula 1: R ?%fgg}%ﬁ%&g%@n%@?e nis an integer from1l to 10 or a
cyclic org Ll oxane of Forpula 11.: R2Si O)," ere nJds an integer from
>0’ 10 TR aia MRS & g e hstn e B v deiT i B O Eghe
chain ClL to Cs alkyl group, a C3 to C8 substituted or unsubstituted

cycl oal kyl gr 805, Sia &8 .0 nnp seyivalent sphedeal iynetar. £ Idptergingdpby smal | to
Cl2 substituted or unsubstituted aromatic, or a corresponding |inear,
branched, cyclngle npatron schiyeringsart positrenl aahikylhtioro fifeinerapéctro2®py, Noweaiber
2005 containing al koxy groups, and R2 is alternatively hydride. 22. The
met hod of cl amiBs2df v ay@bperd eb&idedneshé exdoe, arsl el flai eddégmited ba the oup
consisting of 1,3,5,7-tetranethyl cycl otetrasil oxane,

oct anet hyl Cyc!s%s%tafeaﬁblﬁf(mlatioﬂel‘aggﬁt |iﬁﬁéﬁ5fbgrﬂ§lelcﬁi&age%'er, an intermetal

hexanet hyl di si | oxane, 1,1, 2,2-tetranethyldi si1oxane an

octanethyltrisiloxane 23. The t hod pf claim.16 rei.n.at |east one of
Che at Ieast SR Eeld cbibeTRA E sBim PR O G Bh ol C,
or linear, orga osll?xane, which contains at |east one Si-F bond. 24. The
net hod of laé’F‘giaE’naWr WFE PEAhaqFEloR a)CE HED BHETHEGE Wor is a |inear
organosil ane oligoner of the general formula R2(SIR R2)nR2 where n is an
i nteger fBdm 2The mahodrofaclaipe|libc vdregrin dbe | gaseous| jegeamty infludenat desseoad
formula (SSR R2)n, where nis an integer from3 to 10; Rl and R2 are at

| east one br anehiaulofurstioainghis athaish tEd dfotheShwdriny!providing, ga, ke boyde-
substituted or unsubstituted cycloal kyl group, a C2 to Cl0 partially

unsat ur at ed abkyﬁmggﬁggndqhggjggﬁgggp§£Q§5§@gted or unsubstituted aromatic,
or a corresponding l'inear, branched, cyclicC, partially unsaturated al kyl,

or aromati taLni | Y1 r ; d j ternativel ide. 25.
The et nod it TEPREMad bOHEREY1 61 RHBR B ofeckd SEBROMMNE o TS LHE
selected from_ the gfou consi%%jH%?of 1, 2- di met hyl di si | ane, . ..
1,1, 2, 2- t et r aMAUFEHCHECTYHES 25 e thipringegyiding 2ag, e OxySRRPRRINYIAE £PF AR,
hexanet hyl di si | ane, octanethyltrisilane, 1,2,3,4,5,6-hexaphenyl hexasil ane,
1, 2- di et hyl - thext deashenpyiiregussargae and 1, 2- di phenyl di si | ane.
37.The film of claim 1, said film being amenable to chemical mechanical
planarization, aluminum subtractive technology, copper damascene technology or
anisotropic etching.

38. The film of claim 1, said film being capable of adhering to silicon, SiO;, SisNy,

OSG, FSQG, silicon carbide, antireflective coatings, photoresists, organic polymers,
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26. The nethod of claim 16, wherein at |east one of the organosilane and
the fluorine 27 9 Novenber 2005 providing gas is a linear or cyclic
organosi |l ane oligomer with at |east one Si-F bond. 27. The nmethod of claim
16, wherein the at | east one precursor is a cyclic alkylsilane, a cyclic

al koxysil ane or contains at |east one al koxy or al kyl b9 Ngeeben2edda pair
of silicon atons. 28. The nethod of claim 27, wherein the at |east one
precursor is 1,2-disilanoethane, 1, 3-disilanopropane,

di et hyl si | acycl obut ange, 1h2-bis(trinpthylsiloxg)c ¢l obut ene,

1, 1- di net hy| - ROTOP$ greanis- a3 duesesis Biatskiaife metals, and metal barrier layers.

1, 1-dinethyl -1-sila-2-oxacycl ohexane, 1,2-bis(trinethylsiloxy)ethane,

1, 4- bi s(di &t hykgnéthed barpredecing an ogandsitiet igiass filmogpainstsingachemied. vaphe

nmet hod of claim 16, wherein the at | east one precursor contains a reactive
side group selgaiskidnfofongdnbsilage ovpreaansioxindg ppddira lepsrghniailica obas fidy | at e,
an al kyne, a diene, a phenyl ethynyl, a strained cyclic group and a 4 to
Q0 group Whi CiheCRRproStREMCRhéMiNhNEREcObS %ﬁ&%bﬂctﬂ&‘orﬁ{e L&RPbsiBN EroREREr SOT
gas. 30. The nethod of claim 16, wherein the fluorine-providing gas is
selected fro ro onsi-sting . of SiF NE3, F2, . H Eq,.. Cl . BF3,
e ra. Sra, | Ieoo & PHRSGRETAY Ndedlpisvithns BT purlvl rasn E08ier o S o
t hereof, provided, that. the organofluorosilanes do nqQt inclJude any F-C
bonds. 31, ThECRASIRBEfGHE AraTIpsATIc RieanosiIpRacosy AN By ASEEES o2,
N20, ozone, hydrogen peroxide, NO NO2, N2O&4, or m xtures thereof. 32. The
met hod of cl aftR¢ eborgauiedlerineonpri si ng depositing the filmon a

sem conductor substrate at a thickness of 0.002 to 10 microns. 28 9
Novenber 2005A33cthdddontrindit ard ordaaofimdrbsilifate ighass fitmrspbstsntieglyuseengl CHe film
as an insulation layer, an interlayer dielectric |ayer, an internetal
dielectric | aygids, e eI hRWRg: @ chem cal - mechani cal pl anarization or
etch stop layer, a barrier layer or an adhesion layer in an integrated
circuit. 34. The nghhad.; ' ereln.:t fi : ol k ngjity of
|l ess than 1.5 g/cc, aag%lgé e@g?&é@' ?’egaggﬂ? h@%@swiamhg%ﬁgjrgﬁp ngpﬁgsgi '?:ﬂal

di aneter, as determ ned b sngll anaﬁe neu%ton scatterin% %r ﬁjtron

anni hi | at PORPPFOLTIAR 2he0t b Eshgne SRt IR BE PrEf TR 84h ?%ng °s*honded
to the carbon, and the filmis deposited on the substrate as an insulation
| ayer, anClgaResilpagesn @raanesioxape |and pixtuyes | thesphaherein ggash ekft thec 2pwQEY | a
capping | ayer, a chem cal - nechani cal pl anarization or etch stop |ayer, a
barri er | ayer reagersnamdhesif §hFbayds inima maction dgmikeecopprisug & sutdateThsd net hod
of claim 16, wherein the gaseous reagents include at | east one nolecule
functioning as at hgagigtenerefio the gddeti@y teaend QVdhosi t1gASrgahd RS ikele
providing gas and the at | east one precursor gas. 36. The nethod of claim

16, wherein t Qﬁssgﬁﬁﬁ'gﬁﬁ) HE984E 'atp%rf.i(ﬂf:l)f"&% AbstBEhe R there is substantially no
signal at about +90 ppm for —~CH;F and about +150ppm for —CF3 as determined by
carbon-13 NMR.

41. The method of claim 40 further comprising treating the organofluorosilicate glass
film with at least one treatment selected from thermal treatment, plasma treatment,
chemical treatment, and combinations thereof.

42. A method for forming an organofluocrosilicate glass film substantially free of C-F

bonds, the method comprising:
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nmol ecul e functioning as the fluorine-providing gas, the oxygen-providing
gas and the at |east one precursor gas. 37. The filmof claim1, said film
bei ng anenabl e to chem cal nechanical planarization, alum num subtractive
t echnol ogy, copper danmascene technology or anisotropic etching. 38. The
filmof claim1, said filmbeing capabl e of adhering toikNDV@mg$FZDQ@,
Si3N4, OSG FSG silicon carbide, antireflective coatings, photoresists,
organi ¢ polyners, 29 9 Novenber 2005 porous organic and inorganic
materials, netals, and netal barrier layers. 39. In a.method for producing
an organosi| i ca gl HYOORCING, SASRONS EF48EN1E HEAMRIIING, Sp Suoripe pueyidingn 8% an
organosi | ane or organosil oxane to produce the organosilica glass film the
i mprovenent wheygshrpraviding gas, ehd iahdvaghone silicom confeingig) preovises ginsalepied ¢
fluorine in a presence of an oxygen-providing gas during at |east a portion
of said deposiin ANo@hndsilend ag angsiokidNanerandmiiatesd fhexaneheipeatiwdeha film
substantially free of organic fluorine. 40. A nethod for form ng an

or ganof | uor oskhde6Rd SoaBb@s Sark i hd0 SLBSE AMbAlihY 4 T8R1BH FmmbeP@BPrisihBea

met hod conpriSing: introduci ng gaseous reagents conprising a fluorine

provi di ng 9as . 1aMaelXypen provi ding gas, and at |east one silicon
contai ni ng precursot gas selected froman organosilane, an organosil oxane
and m xtures thereof wherein each of the gaseous reagents are.free.of GF
bonds into a react PRHYRRSRGEY teaﬁi)sﬁsgpwegg%w fieposit b areanpibaresticaner gy
to the gaseous reagents to deposit the organofluorosilicate glass film
onto at | east glaspbimionp efleashe parben phths subhelrae nvheresn hg @r&@uwgtmmlhwfr y no
signal at about +90 ppm for -CH2F and about +150ppm for -CF3 as determ ned
by car bon- 13ghb&Rfilm has 7 nensriridenction haldaessn ofGibbutr 1.6 &FPacangreatsr, mgY duresds | ng

t he organofluorosilicate glass filmwth at |east one treatnment sel ected
fromthermal MALIESM abdh ADBPhL IRaEERBL .andChaMHIGRic E6RMTRITtabodNd.0 or

conbi nati ons thereof. 42. A nethod Tor fornlng an organofl uorosilicate
glass filmsupgtantially free of GF bonds, the nethod conprising: 30 9
Novenber 2005 I ntroduci ng gaseous reagents conprising a fluorine providing
gas, an yge rgvidi.ng.gas, and at l|.east. one silicon contai,n

precur sor S')%;as geﬁ‘@ﬁ}‘)éldkorf @g’m% R rodi%??(?gliu?’ﬁ’ﬁ]él,catﬁnglﬁ?sg gﬁﬂ STV e ?‘%ﬂ'ﬁﬂa

m xtures thereof wherein each of the gaseous reagents are free of CGF
bonds i nt ®rEUiaD Al Enarhses VT @ Y006, BisHEam AP do 33T VilhdoBher gy
to the gaseous reagents to deposit the organofluorosilicate glass film
onto at | east 1&te6§F viconicHf yihEomuldstoridt aomivés,ed is ftdme 1 do §arabdnhigts, @sd kit at e
glass fil mhas a nano-indentation hardness of about 1.6 GPa or greater, a

Young's Mdukuf @f tabeuionkie e mdthel &ifising@nd a diel ectric constant of
about 3.0 or

introducing gaseous reagents comprising a fluorine providing gas, an
oxygen providing gas, and at least one silicon containing precursor gas selected
from an organosilane, an organosiloxane and mixtures thereof wherein each of the
gaseous reagents are free of C-F bonds into a reaction chamber comprising a
substrate, and

applying energy to the gaseous reagents to deposit the organofluorosilicate
glass film onto at least a portion of the substrate wherein the ratio of atomic percent

of carbon to silicon in the film is below 0.60 and wherein the ratio of atomic
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bel ow. 43. A nethod for form ng an organofluorosilicate glass film having
the formula fornmula Si VONCXHYF,, where v+wx+y+z = 100% v is from1l0 to
35 atomc% wis from 10 to 65 atomc% y is from10 to 50 atomc% X is
froml to 30 atomc% and z is fromO.1 to 15 atom c% the nethod
conprising: introduci ng gaseous reagents conprising a flubovaember @608i ng
gas, an oxygen providing gas, and at |east one silicon containing
precursor gas selected from an organosilane, an organosil oxane and

m xtures thereof wherein each_of the seous reagents are free of CGF
bonds into a Pegentffluonngie silicempr ﬂ@.f%gﬂ eangeuiiemrabost 0QRdo apprt/-# aher gy
to the gaseous reagents to deposit the organofluorosilicate glass film
onto at | east wheppor thedilmob sotstansialy freabECihoresisn t he ratio of atomic
percent of carbon to silicon in the filmis below 0.60 and wherein the
ratio of atomc 31 9 Novenber 2005 percent of fluorine to silicon in the
filmranges fromabout 0.06 to about 0.22 and wherein the filmis
substantially free of CGF bonds. 32

32



