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el ectronics industry utilizes dielectric mategjals as insulating |ayers
"between circuits and conponents of integrated circuits and associ at ed

el ectroni c devices. Line 5 dinensions ar eMﬂﬂMﬂMWMm din order to

i ncrease speed and storage capability of nic devices (e.g
conputer chips). Mcrochip di nensi ons have ungdgsgone a signifi GB160dISA ease
even in the past decade such that |ine widths previously greater than 1

m cron are being decreased to 0.18 mcrons, with future plans on the

drawi ng boards of at |east as TEWEROF THE INWENTRN: The tine del ay
expression T =/Z RCL2) where 10 T is the delay time, Ris the resistance
“of the conductive line, L@WBIEH’EECU%JQ?@QON&EABITMATEBNJM@Mri c layer, and L
is the wire length, is ofteMBEISEP OF PROCESSING BfE¥Bt s t hat changes in

di nensi ons and materials can have on the propagation of signals in a
circuit. The capacitance can be expressed as C = kok (Sld), where ko is the
vacuum permtivity or dielectric constant (equal to 1.0), k is the
dielectric constant for the_thin fil is the 15 el ectrode surface area
and d is the filmthicknessB A@H@SRO%%&FEHEGINVENWWII result in a
proportional reduction in C and cgnsequent|ly a reduction in delay tine.
Further, as thell§ flectRnisnsrbHY @@6?%3@@0” l?e'%‘?*@F'a'FrﬁlJP%H'?tH@ 'ﬁ&%rérbeawgew th

| ower d| el ectric constants are al so needed to prevent signal crossover (aka
crosst al k)Cire@ts@ath CPMRoRatH oF Wﬂ@ﬁt%’cu% pRdh agsaciaied sleg 'ﬁ@ﬁéﬁ’\%sef'-f"&:t on
performance. 20 Historically, silica with a dielectric constant (k) o

4.2-4.8 hé’émﬁ"é%?nnseﬁfﬁ 89@5 r&ﬁ’“?%'ﬂ ﬁf@rltayeweamseeﬂ i3pd (gterspe GaRmbliby °fat

| i ne dinensions of 0.25 microns and |le si'lica may no | onger be
accept abl én'c%ﬂ%FGFrP”'ﬁ%V'ﬁé%EF & CORBYEF F"HP@ '\@er@ﬁh'a@mﬁwn%vsw@em%@ gl ass
(FSG wherein k nsively aced by other about 3.6. The addition of
fluorine tsegrgfqam;gegrﬁaq PY@HW @eaP%‘i!cﬁ%E? de SHere "Pﬁé”'ﬂth§aﬁfﬁ\é'°¥$'br9\f %ﬁﬁa't of
undoped 5| I i ca has been studl ed for the past few years (see,

Pats. Nos.han g7miceorsarepeipg degrgased ko 93§, W@H’”SBWP%@W P'@smthps@ram
5,872,065). The high electronegativity of fluorine results in a ve

non- pol ar ibPaKisO @ %@F’te%s OWﬁS&.gZ BigieRs Thedime delay expreseiomd afktRCIH, Wé?'l’%at ed
silica_ha alned acceptance in the industry ands is _being used for the
Surr enP gdnerae Ay e Ras faessiancast Pt Sieiles. Gt beioapesiagoe o e

r equi S|te a therpal and mechanical 10 st b| lit W|thst nd very high

t enper at urdé‘%ec{‘iﬁ)'aﬁler 506 Lyis the, wirgdgngth, ai?Q eHH ?°t “é'@e(“ées ects figt\waeeges

sor ption,  nechani ca operties re susce tible to peing conpronis when
o be-anpih A, i Rl A B e rqmeate%op Sardls i SHIgOk: e

organic materials, such as te ene) . despite having very
o k- val GEGACIBRRS BN BeriRed o Ty kKISl S HOLH ot 1S VarHLS PRI OT &

t he tenperatures experienced during 15 su ent praoce teps.invol ved
i the nafA%RG e e el éaﬁl?%c?rq*dwﬁprﬁf osfg? Bin i Sishtheal  do
not possess sufficient mach h %‘_rlen th fo proc unde[ current

Donal 25 or leckate,sitsos #1a8 a0 §5% o MYEa FedesTaASE In K Wil 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 constant (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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dr aybacks such as poor adhesion, potential reactiof
tenperature, and poor rigidity at high tenperature
to achieve the desired 20 property characteristics
constant values, silica based dielectric filnms whid
organi ¢ dopants and inorganic fluone species may pf

val ues | ower than FS and better thernmal and nmecha
or ganosi | i ¥i¢agMa¥snq &@fr rd?ét 8rqent §evv€lﬂdl & hasi bren A

properties to function as an interlayer/internetal

manuf act urMai§rialsssuy as fuadiaated sllicagEss{Fee)

' with netals at high
in sone cases. In order
and | ow dielectric

h i ncorporate both
ovide for filnms with k
ani cal properties than
i8GsiYele reRigcedi hye other

material in |IC

woeEnI g akaut S Tl adeiionrad

being touted as the future interlayerlinternetal di
mat eri al s flupriph iy SEC%?R%G'E@H’ gipeghebredpicing the K valde f
-have been issued covering the use of various org
product i orPesn stHeligd ffon the Rast fFevk yearsese ot 9ahbBit Pats:;
Pats. Nos. 5,989,998, 6,054,379, 6,072,227, 6,147,
VO 991 81453700, 35 & Fi %494, 15827 i5ana 5.872RB%) | Hheshig
and/or 5 advertised by several |eading CEMs for fut
i nher ent | ye$Wigein |@ (ven3 nenp-palarzablge sperigssavhich wiege

must be bal anced agai nst detrinmental effects that
have) whi dhuaringtadaulicadinsaainedeacsapipees inghe pdksireand
chem cal resistance. Studies have indicated that t
properti egepprationgf [Gsrit the dielectric constant t
wi th 10 nodul us/ hardness val ues in the range of 9-
et al., 198" MWhienduernater siticachatesnlenavel thsoegast
H 1, Abstract No. 531; and Golden et al., MCRO_p.
recenflO] i stability te vdihgtandt @iy dighatesnparatpeese it We5Qf§°
materials. Most of these exanples exclusively utili
mat eri al s (@8- 10w prasesapian. mechanisalruppesties)iare syses
and incorporate fluorocarbon noieties into a silic
exanpl e, SHEPJRIge arapunis of fuerineaaredpenrperatadziete the
oct af | uor obut ene (Pl asmas and Pol yners, 4(1 ) (57-
t et r af | uofRienals &veh @spolyigtrafiuorogipylenegdidespiteinaming
fl uorocarbon/ Si O conposite filns in which k increag
20 decr ea$T fess | RRyeobetr i §Hifisisnt stabilitieto dhe terpg
109-11 (1999)) discuss the effects of fluorocarbon
produd@d SHPIEWEN PHIFeSEiAg nierpe duvobedulsi g Manufassy
Anot her exanpl e of the specific inclusion of fluord
silica isQreeniaoPRYHersiitm @anesd!. yio 1008 peesess| sUEEiRE
Conduction and Breakdown 25 in Solid Dielectrics 22
t he abi | i PIPCEFSING HNOBE KRN eRIditioN®n A webdiraEogareo
substantially fromthat of silica. The work of Kim
to be ai nBtRVEIRSKS BHEREP PO/ aphesieh doiaNtiayreaction Witk

use

and poor rigidity at high temperature in some cases. In g

20 property characteristics and low dielectric constant values,
which incorporate both organic dopants and inorganic fluor]
films with k values lower than FSG, and better thermal and
organosilica glass (OSG) materials, while maintaining the re
as an interlayer/intermetal material in IC manufacturing.

25 More recently, OSG is being sought as the replacem

are being touted as the future interlayer/intermetal dielectric
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5) March 1999 or

Y lyobyzluepdpwpdeigd
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of CF4 in a 2%ilanel N2 plasma to produce filnms containing silicon, oxygen,
carbon, fluorine, and N, where they were able to identify Si-C, Si-N, Si-0O
and CG-F functionalities. They also found that there was a depth profile to
their conpositions, whereby the surface 5 was higher in oxygen than the
bul k. U S. Patent No. 5,800,877 to Maeda et al. describes the use of a
m xture of organosilane recursors having an Si-F bond apd organosil ane

pr ecur sor $2SRNNER eNP"E? OpS pRAtENtswWIEYe B8 He'sﬁﬁ’eq)ﬁ?d%?ﬂg it eauﬁ%e‘?fr’rﬁ'lar'ﬁlﬁ%cess

to produce a fluyorine-containin nox The ins of this

pat ent co@éqamﬁ\far\sﬁah Wﬁd‘dﬁtmg q?ItG'Brfi hﬂ‘t ‘éﬁ"H‘? fit?PLgczl-?é@n (388, ®B-vi a
thermal process wth an oxygen and/or nltro en Iasma st-treatnent. The
patent dobkSigasdues 39 456 6 .q%ézao@azzaw% q" a@@%&s@p%rmqum

'thefllmlnaggp lg%/Haseawaeta EﬁS ‘%g' ?/ 4904- 09
(1998)), &RKdAG thigs il Hielectse ma Plsnéf%op%“g i glafized ngnd/okt i on
for degole on using m xtures of sil ane, CF4 and ammpnia in a

pl asme! enRaYRIEsPAdUOS K psal deading, O EMs9E fufwg '@5 df-'f—‘ torthejidpereaiiinigwes k-8l n a
significant amount _of Si-N and C-F bgnds, as interpreted by XPS spectra.
Enhanci ngrel#iventer ESGr e Slowtexers dheiredyctiemn i &r mpslobe drlagced agrinst detrimental v

i npact the k value. In simlar wirks by the sane group noted above,
Lubguban effe@p that gaganigsreciss|tyricaty |hae, G’Vh'qu'”(;'EQQ%duceé@%?@'PﬂaFP@PP@?éar ch
Soci ety nposi um Proceedi ngs 57 (2000), 20 and 87(8) Journal of plied
Physics 3 ab sepiibopnd shemicsh residance: r Siudies baveindicatesh that ihe preferred
fluorosilicate glass by PE-CVD to enhance water resistivity. The naterials
wer e synt Raéeriads PfOrP@Fﬁe§| foRRSG Iimitethe, d'@'ﬁ%@ﬁonﬁéﬂh@n@eamgﬁé?ffz Gct-dméthhane)
and were studied for conposition, thermal stabilit and el ectrjcal

pr opetQ@i egrodulushariness valyps instig jange oftPal 1/ el -4 GR# (s8¢ hee shalor! 980 tMeetingbon
and fluorine into a SiOz network reduces 25 the dielectric constant.

| ncr eases©f The Rlectipghemica Soriet ee 2080+ Serliea di-1 Arsvactipo®i T rod Gadarelr
during reaction resulted in increased carbon and fluorine in the final

mat eri al , aL.MICRQi Rl JloFele 208sed by a significant contribution by CGF

functi onal ities. As described in their papers, the presence of CGF and CH
speci es wi || pPemstiecentditaratyrrand pataaisd1ave reroses thendsenel Garhas-derreESG
dielectric constant. In a Japanese patent by Fujitsu (JP10150036A2}

or ganosi | Mattialat eMost $Fothgap oiampen PXalusivel e fieqraerrbam gmaterials as
post -deposition treatnment with F2 or NF3 in a plasma reactor to increase
heat t&si BiegHEE!S INceRTRINaoNYithsd SHEPH RIECHFAT PRIFRAY iREPTEPTAE ﬂwe'lqcalfhom ty
of the filmthrough the formation of fluoraocarbon speC| es in the

O her Fuj W@E‘eﬁa'ﬂght% sfligp @37 DAY Sremewrtk.gp Pil@‘f’?"ﬂ%Zf nafalh ofj §bu8'§5’[“ﬁe
formation of silica filnms with incorporated fluorocarbon species by plasm
CVD usi ngeRANrReizes degamethy|sisdexansoy %?ﬂ%?mh erﬁ Lﬁﬁmﬁ@aﬁrts’o"no )gmsusp 4(1)
Uchida et al, disclose fluorinated organic-silica fil

noi st ure (ﬁ?r‘@dﬂec&h e °rete§:faﬂ”‘§8?t9)('eE? éeq rJB’(‘:h'érﬁpFéoBhystéﬁzg 2@1@@8?)) t37
Jpn. J. Appl. Phys. 6369 73 (1998), 38 Jpn. ¥ 2368-72 (1999)
and JP 11&r9§vqmﬂu0ﬂ°ﬁa&hqaé%0pfé>m®tetﬂlms a'mtwrtb?fsk 'H%ﬁeé%ﬂde PR 0 1o 30k BifBr t i es

of FSG and OSG ma¥ be conpl enentary, such
20 decreasing il uorocarbon content. Yun et al. (341 (1,2) Thin Solid Films 109-11 (1999))

discuss the effects of fluorocarbon addition to SIOF films produced in a helicon plasma

reactor using triethoxyfluorosilane and O,.

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

work of Kim et al., 1998 |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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15 .that a material that has both functionalities nmay take advantage of
their strengths, 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 thermal process froma m xture of
tertiary nethylamne (TMA), tetrai socyanate-silane (TICS),

Ot S0 10 35 R B o] PSR SR Bt

oSt a1 SRl Sed e RS e B SRR

R e e G
e o U 55 LTRSSt Tt S BRIRTbh he ™

control the anmpunt and uniformty of the chem cal nodification through the
filmin t Mashigharinoxyggnthaptge sls  No. 6,077,574 to Usami di scl oses

processes for formng a pl D silicon oxide djelectric filmdoped wth
B hoci F1od ampurti e BAtrf o BT i Mashe Siiatr Shssnpee 114 158 106 i BRigua gt
froma mxture of feed gases,, K which can control the fluorine concentration
and t he cQFQﬁﬂ?sk‘ﬁiﬁo@ﬁWg?rﬁ&?Vi“ﬁ@@pgﬁd%‘?ﬂdl %Fdoq@@é&slqaf&ﬁ PEFUrseseViEhtiap Si-
ratio ([carbo{gdls‘l{{ifluorine']) in these filnms is |ess than or equal to 0.25)
based on theORH: Hiho8ZNEBMEBHFERalN BrNPraR)FECGESS 40 Prodursoe fiupling-crtalinghs] cc
to 1.0 x 1022 fluorjine_atonslcc, and 3.0 x 10'e carbon atgnslcc to 1.0 X
102" car b&Mice BHEP AN B GBS & PR ACYE NERIPRHINEN O THARRR-FONEINTG es
formed_ within the film Gven that the density of silica is about 2.2
gransf@c, ShRPRAXIP. Visdheimal drecess vthenoxygen aa%(/ahewee?n plRemanoskrertmetn 10

of fluorine and carbon can be estimated. to b bout 6-15 atom ¢ % fluorine
and about 'be®gtandgessnol; m@aawmﬁﬁ&w@@ﬁ W@”P%P’é@ﬂfp%'”&%&@ fmrent s,

t here have not been an xanpl es i h rior art t essfully conbi ne
Lhe Goor red  medhamael By Hreruerstal (hivho: RapioPbya dSp+ DE TGRS Ehdnced
properties that are paranmount fqr integrating.low k dielectric materials 15
Pr Lot cor Relsl Tesmienrs o Rgrnelesk Shawestie MBI AHET B HeRPEST LIRS GRRLERF Her oi
by reference in their_entireties., BRI EF SU RY E | NVE The

vent i ons%i%ﬂé%er\% iGFrengranemeRigHD doplasmael ?%ﬁf@@gﬂs‘ﬁﬂhg‘!‘%gesﬁ't%se
or 20 OFSG - organofl uorosilicate glass) contaj ni th organi ¢ speci es
O Hor oIS WP IBTd BoConEalR PGSt raoust o PEM A b Banes o e R BE B bon
species. Mire specifically) preferred filnms of the invecgté'jon@@re .

r epr esent 8FSp§PaAE- f%mhmmkégéﬁewafﬁxmﬁ?,n%& ncorRREatien of Si-N wijofeqativelys r om

10 to 35 atomc% wis from1l0 to 65 atomc% y is from10 to 50 atom c% X
is from 2MRABESK YR % and z is fromO0.1 tol5 25 atonic% wherein

substantial |y Tonegl LS SRS 45 Pengedilg LR Ganion, o8 nflag,
10" 1o 50" BUBREZoLD (1590 RGBSR Hbschrastoedeh smesSier psaranas 51 dpdo. "
atom 2(:6)/Q grru? %%PB?%OL%%} 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. Lubguban 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 films, conprising: (a) providing a substrate within a
vacuum chanber; (b) introducing into the vacuum chanber gaseous reagents
i ncluding a fluorine-providing gas, an oxygen-providing gas, and at | east
one precursor, ga

, s selected fromthe qgr.o onsisting of..an qrganosj| ane and
an or ganoSPI%Pafe fa4sey R 7 séﬁfbffpﬁpﬂQO%H%LF{E?{)C?VOQFEh"”fgor&%%soug‘s%g%ifé‘h? M n
said chanber. to indyce reactiop,.of. th aseous reagent.s and to formthe
£11 ot BT hRas Pt plasefos B PR andF 4 RGeS wiEARFRS s808=hie 1Bavater
produci ng an organosjl,jca,gl a , chem cal vapor deposition of an
or ganosi | éﬁ@t’oﬂ%gai‘?l? @ﬁﬁd&ﬁﬁée‘gﬁ%ﬁ?n ri ses co-depositing with at | east
“a portion of the or anosilan? n_in r,ﬁani j froman.15 inorganic
fl uorine source %R?Q@@“B’éscﬁ% | BX %ﬂ %E\@%kb%@{’%@@b@fwsmwme@%
invention will be described in cgonjunction with the follow ng drawi ngs in
whi oh §1 kESPRsieRehica SRiheral BoWed iNgaea optIepostieRdisatment dViher 8T NFsJ8 i g.
1 a shows an isothermal TGA of an enbodi mnent of a filmof the invention;
Fig. 1 b OS2 gACs R REeRss h?@i&eﬁiﬁtaac%rrggﬁ'"ea‘?’%te? $qrpion=agd Insreagsomatesialrga
scan of an enbodinient of a filmof the inyenti og; Fig. 2b ho%/,\‘s a TGA scan
of a pri ofeligptity pf the ﬁif‘b?hr@géh%\ﬁ/sfof’ﬁatﬂﬂ’bf’{]f{‘&o?ﬂ* % Se ?ﬁﬂ'h@ﬁt - (teet i | m
of the invention and a prior 25 art fijl Fig. .4 shows, a' 3C NMR ..
opectr um BRIt Pateei b2 GPoR7 and Pt 1T D Bl iscoRs e iormaemet sisa
DESCRI PTI ON OF THE | NVENTI ON Pref erred enbogi nment s o{; Qhe i nve,Eti on provide
a thin fifRsayiy ingorpeiatedy TUOTPERIPAR cFRECIES] Y cIREPANt VRN YSIngpPiliGRYbased
mechani cal properties, thermal stability, and chem cal 5 resistance (to
oxygefl aRIRSHIES 2 ARMRIBIRAEINPLCAA08 9OWRY at i ve to OSG materials. This is the
result of the incorporation info the filmof carbo Wévx{gl ch may be silicon
car bi de, but i ¥cpider et bl 9'SHP%JWPH%?¥FPy°f9ﬁ“'Pﬁ@°?dﬂ 0 fdm@&?ﬁé&’ e,
-CHx, where x is 1 to 3)

d_j ic fl i ) Si - d it hout
the produld®BACST SE€F Gl P@@h?legﬁ% T C%ﬂc- E?{,éﬂf%g(eﬁ :%049"&1:4- 5%03-83'?!/55)@5%9- ot
bonds). T t h inal thip fil terial I i 10 Si-Q
3T . Aol ey G ek L Bl 36 T 0D i e

f bl | etely f f CF f bl f t
yar ogon The BRaRdntate R Re FaertEs ot ahe B0 Bidiure PumblemaRians suct

h .g., Si-H CO H I b t i tain fil f
The i Tentidtid el Grohas ol Sndbareiles dndt tHecasvATAdE O adn areeathe, o)
abo_ut 10 to about 35 15 atom c% npre p ef er abl abou{ 20 to Ebout 30%
Silicon; PEOUBOHIS RYPPRTEB GG 65 ONEDm CbF SHEIRES sREmel bEyoNsBic: o es
ok 30 Sovi SLUEE b Ao b stoe” ol el Sesofmie s

f bl bout 5 t bout tom c% .bon; d ) ab 01t

Thout 15, BEORFLBEooRSH 0Bt 81BNGEF o 500N BERV AT ATHA (e akaRrRser 0eI ne.

of the | SN eI seaan R eRselME G ACirsiaceilt e avedy BE i
rrrrg': g;éoii Sp? é@;[dgpe%rhla%i l()u?-g:[ézj}q%nsﬁl?q%?h%gt 'lihsls ldg;::sossitgé1 %Pn Elvggtpogl-trct-:a gd s“t”t%nlq'@ rd
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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industry - silica glass. The conbi nation of both inorganic fluorine and
organi c carbon doping to the filmresults in a coupled effect on the k of
the final material. This may 25 nmanifest itself in different ways. For
exanple, the filmmay be of conparable nechanical g  properties as an
OSG material but wwth a I ower k, or may be of conparable k but with
superi or nechani ca r ri | ncorporation of nethyl_ groups .into
silica film nagJ-%n%QEt"P“ggr?&??%stPt ap dispiosey P%Ce?/a?is% fﬁ&\"ﬁ% RRJEFR G ¢ he
k of the film but can al so reduce,the chani cal roperties of the film
CFiims of oHEohaEaSefs B eV Area oAU =10 OARR A0S S8 PR HPERIN
carbon or about 2 to apout 30 atomi c% carbon, wherein nost of the hydrogen
i s attachdde tfw“c'ércﬁﬁﬂ?.s'l%ﬁjé"foé? Mg Bﬁ?ﬁqdoﬂéﬁs' t"}‘mcrbc?f‘f‘i?ﬁ‘g'f"i h?l%\lﬂf"%i'"é% are
t he introduction of 0Si

0 e gl B S U LoV o o PofcEL el Lt ve
o PO B! L b TIREL L IE TOhES o ol SR e 0%, BRI e

chemcal or thermal stabjlity of the fil Certain enbodi nents the filns
are nanopSHGiRser JORCERIEAtOR '@ngss: % 48 Ki H)rap ﬂl"%l'i?céﬁ’”b%/cq??— (@U"ﬂé%zsﬂH%”ean

i nherent free vol une_pore size deterg)' ned b% pﬁ?itron anni hi | Z]hi on lifetine
spect r osc&RM¥/PaLad 3R Vi satkoniomsisato d.Gx A i saraen algms(es NP daihears cal
di aneter. The pore size of the inyentive fi|lns as_determ ned by small angle
neutron s®REBIRNEIaINGIedunginalties faraacwiiln yhe Bley &H’&ﬁ tBatntHgiq?”s'ty of

equi val ent spherical dianmeter, nore preferably less than 2.5 nmin

equi val entlligp iRk R 209rams(ser Whiehis,gauiyalemido PRer? T 8iomyes deganrentigiicns
density of |less than 2.0 glcc, or 20 alternati velg, | ess than 1.5 g/cc.
Such MQw Q&AYPHNeaNE GRPAR CaBMeRREMatA ibe 780 Sdr GiRemict™s TlAwNG 8¢ sheut
reagents andl or post-treating the deposited material. Filns of the

i nvent i on OPRe - RBlaed GSreASerties relative to OSG materials. A given OFSG
material will have nmechani cal properties ?‘g%regior to those of an OSG
material of eqliSFRiteMe LBIUNY FREFIPRMENHy t FENPIRAENANYSXAMBIED N te i n
the OSG material. 25 For exanple,, greferred enbodi nents of OFSG naterial s
of the i nPERT @Enthehvicsessiidly ceambipe d8R stesied gneshasical, ngiglestris, thgymal and
preferably | ess than 3.0. In certain nbodi nents, the film has a

di el ect r i EXigatig stability, Prapertieg doR! am¢ Bﬁﬁ%’.@”ﬁ g’ri{"‘ﬁgr q lowsk pististrirsmaterials
elasticity greater than 10 GPa andl or a nanoi ndentati on hardness greater
than 195 éjg'?egﬁt}eﬁﬁ'”ﬁﬂ'tst he invention are thermally stable, wth good

chem cal resistance. In | . , . . . s
All references cited herein are incorporated herein by reference in their entireties.

BRIEF SUMMARY OF THE INVENTION
The invention provides films 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 fluorocarbon species.
More specifically, preferred films of the invention are represented by the formula
Si,0.CiH,F;, 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 2 to 30 atomic%, and z is from 0.1 to15

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



5 particular) the filns have an average weight loss of less than 1.0 wt % hr
i sothermal at 425C under N2 and/or an average weight loss of less than 1.0
wt % hr isothermal at 425C under air. The filns are suitable for a variety
of uses. The filns are particularly suitable for deposition on a

sem conductor substrate, and are particularly suitable for use as, e.g., an

10 insulation I gyer, an interlayer dielectric |layer n LhLe al
dielectric | aye‘ﬁgc> abr@éiﬁﬁijnarq (ﬁ P, represearRde V- %%ﬁaﬂv% bbaé’gfw zatWhiie
(CWP) or etch stop layer,.a barrier_|ayer (e. inst_.diffusion of
retal s wat gy e B nkisdreral 'S R eRBRen € et oot St a0
| ayers) andl gr ~an adhesion in.an integrated circuit. The filns can
form a cotf GRATIETnRRGOmThE Tahmie AT Bier Dddo dBiich PRoviPRG Yt
“films make themparticularly 15 suit e _for use in Al subtractive

{ echnol oy d 28, MISIRIS EIRANEI RO ane et £ Bendhello BHBPPM e vi t h

chem cal nechanical planagrizati on ,and ani sotropi ¢ etching, and are capable
o CadhBr i ng.t o HesavEntE) Pt araroien & cAETIE VABOL feRasiien Tasthod fos BRACIERG,
FSG silicon carbide, antireflectiye coatings, phgtoresists, qrganic
pol yrrer's, SHER S0 rGHINENEnd (PhOrYMNG arsbBsirale SWiNih (& Vecwd HoHAMBRR &Y and
alum num .and netal 20 barrier |ayers. Although the jnvention_ s o
parti cul ar"PtSPdé‘GInQa'BPethleoYa%’PB\/F'Eﬂ'%@erfQqsﬁﬁu%ﬁ?ﬁ%ﬁf‘%lﬁ'é{"g'”@fatﬂH%”'i'?nPEQWq'% are
| argely described herein as filns, the invention is not |i m'fted t her et 0.
Products &RSt AR OXVIRIHRTOYHING97% N 2 {RaSE ANG RTEGHISOr GRfSElasias tEorpr the arpigp
deposited by CvD) such as coati ngs, mul tilam nar assenblies, and other
types of &B]¥stng phap ctpanasianergng aReganesiigxasieadar (Gt applyRg efdon to the
mul titude of objects not necessarily used in ntegrated circuits. -10 In
Addi 180 GESERHS TSAGBRIEI ) St BRATERET 1P RSP B BRION] R (G85ROIHHRGEBIS 2 to
process through which the product is nmade and net hods of using the product.
I n cert ai ﬁormrg@(ﬂlrﬁé’ﬁ‘ttg? spbdratdyventi on conprises an i nproved process for
deposi ting OSG by .chem cal, vapor deposition, erein a source of inargan is
ot ne S codsldhmeen mardehRean mpretmatiad g’ BoheRg Energanesiiss Gres ne
deposition of an OSG material t roduce .a filmsubstantially free of
or gani ¢ 1 PYEERuCAI FRAST Seqsitional A Sacesiane WARAIN e ImprYsRTept comprises
contenporary, and future processes, including those djsclosed and clained in
U S. Pat sCo1dgpesiting withatdeast apaion @ dhe Ate 9&'@@?897"1'“8&? upging e an
Products produced by the inproved process enjoy inproved properties
rel at1ve tRPTEic BUIEVGSOYFRS | y- produced products. Preferably, at |east one
mechani cal property of the filmis increased by at |east 10% the thermnal
stability of the filmis increased, the chem cal stability of the filmis
i ncreased and/ or the enyi jlit f filmis increased. The
process to obtai nB%'%ﬁ ﬁ#éﬁ[ﬁé@ﬁ%&%%%ﬁﬁ%&ﬁg#QRAV@B#B% ses the
steps 15 of: (a) providing a substrate within a vacuum chanber; (b)

[ duci [ he v hanb . i ncl udi : :
fl'uor i ne- provi diedrimier Wi b uientes BERAMNG SHRMRE Tl EePhed it sor
gas sel ecled, S .1 RGy arAUR.GARR Bl DBt Ao QiAAgRS! | ane and an

or ganosi | dxane; and ?c? app? ygﬁ%g energy to tHe gaseous reagents in said

chambgg to indyge 1%3%3%% ithd il $8RERUS drRsifhet AR of Y iRvddienf 1 | m on

the 20 substrate. erably, the substrate is a sem conduct or.

Organosi | anes @l 18r<H3Re hlisotRétRtal FGA dftaeprior aftgiimed precursor gases.

Sui t abl e organosi fanes and organosi |l oxanes include) e.g.: (a) al kylsilanes
represent ed by Fidi@afshows laal GA s&arR2amemibddhmentofissfilmrofiting @geftidhf om 1 to 3;
R and Rz are independently at 25 | east one branched or straight chain C,
to CB al kyl gr ¢igp 2beshgws arfBEBAgtan eftplior,arefil@3 t o Ce substituted or
unsubstituted cycl oal kyl group (e.g., cyclobutyl, cyclohexyl), a C3 to C
-11  parti al | FigusssiowsaRegtofilbk pf agyembpditreng of therfipefijhe inbentwaiandya priora CB
to C,z substituted or unsubstituted aromatic (e.g., phenyl, tolyl), a

cor r edpondftiigni @ntear , branched, cyclic,

Fig. 4 shows a "*C NMR spectrum of an embodiment of the film of the invention.
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partially unsaturated al kyl, or aromatic containing al koxy group (e.g.,
nmet hoxy, ethoxy, ' phenoxy), and R2 is alternatively hydride (e.g.,

met hyl sil ane, dinmethylsilane, 5 trinethylsilane, tetramethylsilane,
phenyl si | ane, nethyl phenyl sil ane, cycl ohexylsilane, tert-butylsilane,

et hyl silane, diethylsilane, tetraethoxysilane, dinethyldiethoxysilane,
di met hyl di met hoxysi | ane, di net hyl et hoxysi | ane, nethyl di et hoxysi | ane,
triethoxysilane, trinmethyl phenoxysilane and phenoxysilane); (b) a linear

or ganosi | oxane represen 3 where nis an
-integer from1 to 10, b%&#géggﬁ{lgg‘%géﬁg"\?%&f nted by the
formula (R R2 e nt eger from and R2 are as
et i ned sbove (HetpTedEabaimets énrewrr%rfwarw%% 4Sinitn dreriel Hing & o
"oct amet hyl cycl ot etrasi | oxane, he anet clotrisilox .
oxanet hyIRISH SaFRaNIATET PSPy BRGNP GPRUIEs e AR Fabiity, and chemical
octanethyltrrsrloxane) and (c) a Irnear organosi | ane ol igoner. represented
by t he5f orgtiptanee (tQj QYD) aqueolh epwranments, (£1¢. hrelafive P @REMalgrials. Bhisdgcl i ¢
15 organosi | ane represented by the fornulat§S|R RZ)~, where n is an integer
from 3 t o theresyfof the igeRIPeEatign inte thefilmioh &ar BéWB'cb &gy b be silicon carbide, but is

1, 2- drnethyldrsrlane 1,1, 2, 2tetranet hyl di sil ane,

1, 2- di met pygfenably eregomm?@rlmwm kg ma?feorgﬂ@ﬁé?ﬁﬁ%yrmr WhRe X is 1 to 3) and
octanet hyl tri sil ane, 6- hexapheny| hexasi | ane,

1, 2- di net fRArgaNio prar@rcwd. %‘rﬁ Repdsinwithous tae predurtion f isignificant aprpunts of
certarn enbodi nents, the organosilane/organosiloxane is a cyclic
al kyl si | afféganic ﬂwmedeaq k%a%ﬁaqnﬁahe Thyte, terftngl thén B mategial Uﬁf;er%hlk§?5f1pﬂﬁe'5al kyl
brrdge between_a pair of silicon atons, such as 1, 2-disil anoet hane,

1, 3-di8i | Mr%pcar%'" anghSi- lep%qqlrg(:Wc‘éLHgt awéstaqlally free of, and more preferably
2- b|s(tr|neth¥ﬁs|ony)cyclobutene

1, 1- di met KPP aly |feeer0fsany Q;@éw?@qi%r?@gaquferably most of the hydrogen is bonded to

1, 1di et hyl - 1-si | a- 2- oxacycl ohexane, 1, 2- brs(trrnethylsrIog¥)ethane) 1,4 25
bi s(di met KFTESN; VieppenpIHensef othey functienaliiass SYSH 3% \Bed- 0Bl afe® and 0-H, mpay
certain enbodi nents, the organosrIane/organosrloxane contains a reactive
si de grouplsodrechresentin seraim '”lﬁ‘lfd'ibe EWARYE: i ng of an epoxi de, a carboxyl at e,
an al kyne, a di_ene, phenyl q{ a strained cyclic group and a C4 to C o
group which ¢ an hggeqrpf,e&qepfnm nts,pf tgrprné\{e,ﬁrtr@rhgompnse (2) about 10 to about 35
or ganosi | ane/ or ganosi | oxane, such _as tri nmethyl si Iylacegélen
(tri mé® hy REmicYs morg. H@fedﬂli")ér?é’f’ut ?Pﬁewﬁ%ﬂ% S{iedrs ponheRaHe e, 5 about 65
trimethylsilylacetate and d "otert- butﬁﬁgdracetoxysrlane Preferred
f1 uori ne- PIENViFdi ﬁlj’faé’é%fgrqb&c%b%hﬁf’#@ edbpidrtisatemics oxygeans (¢)aboybihE de apeut
carbon), which could end up in the film Thus referred fluorine- ?rovrdrng
gases | nc PAgtoms! %y MOrg; prgferg]plg)abpgt 2Qyto abpwt 4G-plegichrydragens (d)gphput NEoC) |

FSi H3, F2SjH2, F3SiH_ 10 organofluorosrlanes and m xtures thereof grovrded
that the SP%&R PIGBYIG4i MaFRRrelRsablp @oPHA {2 et eiGeneRIP °rAcﬂ!ﬁdt {edARput
preferred quorrne ?rovrdrn gases incl ude the above nention o
al kyl si | aRéds!o abR¥x V3 iatemie, merecriefeiably dport O-%iq)ahei TQX%PH@!;CA’NUHE'&‘? and
cyclic_or anosi | ane olraners cyclic, or bridged organosrlanes and
or gandi | hREerRPttieN Qhe ier,glegieat,s ’B?bﬁ'ﬁ@ beﬂ%ﬁﬂ”&l@&eﬁtaﬂ Tk ioh thedfvaRtipg:
substituted for. at | east one of the silicon, 15 substrtuents) such that
there is at | eB8th 586 gnd @%@ﬂaat%Fear§p%Qﬂsfqe&%ﬂ F%/}’esei"’t ‘étﬂ‘%te”a's as their
fluorine- grovrdrng ases |nclude% ? fl uorotrrnethy
di f I uor odPIRIRCHIA SPISAFRt iAessy AR thetiof dig slandards matssiel i Plﬁeww.trsoﬁqem the
2-difluoro-1,1,2,2, -tetranet hyl dj sil ane, or drfluorodrnethgxysrlane
Sui t abl e &@ya@h &r'rselq!ﬁ%%g S eempiationaf b%thgnorgezlc fluQsies 2p c?rﬁ%a”"l’l%rrbSQen 20
per oxi de, , or mxtures thereof It Eg scope of the
i nvent i ond%rgmh%@l% r%%@ér”éé BUPiRA € té"‘t‘inef'm’ifc, ofrr‘aé@%r tEnMGHe of
t he precursor q t he oxggen provrdrng gas and the f]uorine rovrdrnq gas.
That %8, [MREMRFdERN Do aal Wakte FXPYRMPISy B TN IRAYRROTHANRAREPIE Meshated
provrdrng gas are not necessarily three different gases. For exanple, it is
possi ble to 25 use di nmet hoxynet hyl fl uorosilane to provide silicon, carbon,
oxygen and fluorine. It is
-8-



al so possible to use a single gas to act as a precursor and
oxygen-providing gas (e.g., -13 tetraet hoxysilane, trinmethylsilylacetate
or di nmet hoxydi net hyl sil ane) each of which provides carbon, oxygen and
silicon), to use a single gas to act as a precu rsor and a
fluorine-providing gas (e.g., trinmethylfluorosilane, which provides carbon,

fluorine aB@ﬁ?HéS%ﬂﬂ 051 mdté}ia?'ﬂw}ét GAR % loWkr k Sorth8Y BETR? EolPamibht 4 LliSwitis e

of any reag s containing GF 5 functionalities. Athough the phrase

"gaseous r S eachSni bdfBs; used herein to describe the reagents, the

-pﬁr ase is ?ﬁ‘?égn%dquecrgnlgﬂﬁ%a_ss'rea_gen_ts delivered directly as g gas to the

{ransported by MeoTieretor BPARISPGoublitd o ik Y it haftinrBsinto the

+ embodi ment fim MKEHT Ripdlo FhAJER! FRL K ArIRBRH W SaANLLY e MRS hORHAARS) 2T @

used in conbi'nation. FI)t is also within the Scope of the inventi oné)%‘o use
conbinatio : iRl &--di l : e L 0

combi nat 1 oRRPSfteoh 8 fim IS R e e PR A 380, Akt 20

separate fE%iE%%Q&H bPaSoR 2 tG'beoFf SH LA dn?%%re%‘ﬁ(oe{ of the hydrogen

or ganosi | oxanes. reover, It 1s also wthin the scope of 15 the i'nvention

to use a flugpl e osd t i I I ; ; r on

W th a non't PRATREC SBARCTCRISY, 2 A e ST LaRiBRINe: 2 RaReedl The

fluorine- idin t = nr gvi di . ;

or ;anlosi I gh&“&%aﬁo@?ﬁ&'&nﬂg, ﬁgrégﬁﬁogngﬁdsrg?%r'?a sa@%rtllbggn% %C# é%d’efj%?eotQ%e

vacuum cha I J apgl t bt r i . Such
ot or al s PARcULeHstrd of ikl ORI iheaddhlon; o BolkSRP i ivplcf 68 Flscinicat

whi ch 1 i i or ser 1 r

andli or Wi e DEAHiHertoferdet bl i iR Teisn e T8 Pyl iR haRES ey

provi de a Wre?erﬁtcﬂgrlngcai Bmgrrﬁél:ﬁ%ilﬂ{j@)tﬁgﬁ@-i ve substances, such as gaseous

or liquid organic Substances, or CO. Organi c substances, such

St yreng. and can FEo SORGr R of RO ARC AL AEnolABlS OREIE o o TR
Co 1 orm ¢ nE R Y P YRR e B ikl 1o Wind P SR ap B ge oy
i nauct vet Joanon SAEIR AR, oPE P (AL 2R "Rt A By i
subsi oo SPERICSRARalaRRate (B R 2o Bl g AR RAPARR SRkl flef e/
Capac 1 very bou ao pialys el PRUNSET ol P Ui SR RRDY BegCRERTEIRA 1
Paced upon 0 Rapf kPl s Rcler P8t R G anaR 2 Pl oBudele SRR

t he gaseougigsagents preferably ranges from 10 to 5000 sccm, nore
preferably %rom 200 to 2000 sccm per single 200 nm wafer. The individual
uor i ne. carborS; &1 e, RyeipH, rSre sy N F G Bty el e & M 2pene
i val o1 s rCREREE EIPTRAL O RIC STEn v, dETRIED LAl BHRet o RIS A oy

at a_ deposiblianalfe Giscls heaBhSIdpHIEke G hE BaSdKi8a brdre, vacuum

chanber during deposition is preferably 0.01 t0 600 torr, nore preferably 1

to 10 torr. A preghfy behe’ REEMBnHave it droVERNbbpEHiBE S8 HRM MBS mdhd iR hw

silane as the organosilane precursor I's shown in the Table 1 below for

200mm si | i \ : €. ; P@pcéﬁg- . At
t enper at urgﬂ%ﬂg?gggsﬁ?ﬁ% lﬁiﬁ%%Z%%@%(’)%\aﬂerp'}(V\at tsg)s‘gf%ég{ig”tﬁéﬁ ﬁéﬁbgf Iagngs | ow

(sccm) 5400z, Stk Gy df 25aRLRASLGEN Ry ( BGEB) #re0ackler 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-



Preferably, the inventive process is conpleted in a single process step

wi th high throughput. Wthout wishing to be bound by any theories, it is
believed that the process of the invention provides filnms having nore

uni formdistribution of inorganic fluorine throughout the entire
cross-section of the film unlike nultistep post-treatnment fl uorination 5

processes, er%ﬁsgin%%t%, AHE Him PasUs Midlget il c?hsrtarl\tninatﬂgi rah@&® frof%.8 Hﬁ%ﬁit Rtk 12
anounts of organic fluorine present in filnms of the Tnvention (wi€rein

"1 nsubst anpdalius f dISHRIN oFlte@En R PRI shdklt P AaRoiAdeRIAAr8SE % of
-the total Hogglruisn%f cont eﬂtg, nor e Br eferably less thlan 1 %o? l-t hes% %f%ltéf
fluorine cm%ep?b;ias al so nore uniformy distributed throughout the entire
cross-section of the filmand is not centrally concentrated. 10 Al though a

single process el dsnBMiRfchfibRdrd hdBly LRI Iodd cHichiBliSRs N e

scope of the invention to post-treat the rilmafte position.

t-t t] i . | |
Froat mont BAGCERE HETIH Ravd ol ovelpe R I0RCoDket BRETTD EES FBlrrl 2
t hi ck ' t ' ; Led
s 1 equi roa?® The oY ek PO/t FRHEr pagHElbsg o1 o H O S R oliEna b

excel | ent ypidofd i W th a variation in thickness of |less than 2% over 1
standard deviation across the substrate with a reasonabl e edge excl usion,

wherein e.,g., %héQizl;ﬂj% Qe ﬁiﬁ%&tfoﬁgg@?%to& gga%u?ﬁ%ﬁlﬁ%%r.bﬁbagf&g]faiﬂ?%éﬂ?@? foi

the statistical cal ation of un por osi't m can

be i nor eas ag i 4112 DIk GRASH dubsbEeNoh e B ERAREY LIS R BRSRI L0 ause

fﬁrther reduction 1n the ctric co?stant mat erl éndi ng
. 2. S :
The | niont FOHEPH | Slss: dh P dpiedii lehi &, SRARR B3RS 1dher, B Carpiry
foll ow ' -
nvent | on (e RaSartbaploaliiakiriahh (RS RGEbR Bysf ahetEler (0.
. e . o e 000 .
o Do0rm D IARE RS TG R v SR In Bt Bk Sob B Chab e R

an undopedlapE% a@ﬁ%ﬁ%ﬁ%dg\%%ifm H8r e iﬁ?eé;gésl}ég"c%(&ﬁ’t.t Ak laWe i %ﬁki‘%r:ﬁ&leps;

fll
initial se lzdtion o I"'ows, deposition, an

pur ge/ evac Hg.;tin%? neq*gegé}?éﬁ)a%ﬁcd?[?ir erficd UHibied” G RYERE: fimdPRERY! %y&ar@iﬁ%ﬂgﬁr

cl ean was per er eac eposition using an I1n situ

foll by, . i i ; det i ned
ol lo XufaHid TREE lﬁﬁﬁsﬁ.ﬁ)ﬂ’r’ag@v/eﬁégﬁg%ﬁn@%q ?%g&%@%m?% e determne

usi ng probe technique on ers (<°0.02 ohmcm,

rechani cal_pr opeg g WS goﬂﬁéﬁ@h&ﬁ%yﬁﬁdw%ﬁ%ﬁl ﬁgﬂgriéﬁgﬁ%ﬁran@&%ﬁ&al

stability and off-gas products were erm rnogravi metric
pect romet S PGR PR ARl A BAI gD SRl A o RS R0
on b Physi SHEPac: P o eBe T e R B O P R SRR B e
I'n accor dapgg, W drllardi@8nd UM aftials, 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 assembilies, 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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U S Pats. Nos. 6,159,871 and 6,054,379, and WD 99141123, and are tabul ated
in Table 2 below. Table 2. Data for OSG depositions fromtrinethylsilane
and oxygen 20 -17 Conparative Exanple No. 1 2 3 4 5 6Substrate Tenp.

(C) 350350350350350350Thi ckness (nm) 6686336616691324643Uniformty
(+1-)867125Refracti ve | ndexl1.4421. 4391. 4441. 4411. 4311. 4445Uni formty

1520120 ARSI ML oo e s
R L R R
22 45152 155 2500 Selah s b et SO APt
U b BSRY i TR OB B,
3. -1&  BRXaPsfs Wor&%éﬁﬁ%ﬁﬁé%%&&Q%é&é@%ﬂtéﬂ#’@f‘%p&éﬁ&sh‘aﬂ BPLR osc
material to produce a film substantially free of organic fluorine. Thus, the invention can
be used to improve prior, contemporary and future processes, including those disclosed
and claimed in U.S. Pats. Nos. 6,054,379, 6,147,009 and 6,159,871 and WO 99/41423.
Products produced by the improved process enjoy improved properties relative to
10  conventionally-produced products. Preferably, at least one mechanical property of the
film is increased by at least 10%, the thermal stability of the film is increased, the
chemical stability of the film is increased and/or the environmental stability of the film is
increased.

The process to obtain a film having a low dielectric constant comprises the steps

15  of: (a) providing a substrate within a vacuum chamber; (b) introducing into the vacuum
chamber gaseous reagents including a fluorine-providing gas, an oxygen-providing gas
and at least one precursor gas selected from the group consisting of an organosilane
and an organosiloxane; and (c) applying energy to the gaseous reagents in said
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 C, to Cg alky!l group (e.g., methyl, ethyl), a C; to Cs

substituted or unsubstituted cycloalkyl group (e.g., cyclobutyl, cyclohexyl), a C; to Cqq

-11-



~(nmmn) 278 343 197 375 463 953 684 1260 863 619 685 321 625 614 615 279
1213 436 701 842PI asma Power ( 1V4
0040030070040D1000600100010006006004006006006004001000400400700Spaci ng(m |)
_ 3202002602002602602602603202002002002602602603203202652D0260Chanber
Pressure (torn) 4.0 4.0 4.0 3.25 3.80 4.0 4.0 4.0 4.0 4.04.06.0

partially unsaturated alky! group (e.g., propenyl, butadienyl), a Cs to C,; substituted or
unsubstituted aromatic (e.g., phenyl, tolyl), a corresponding linear, branched, cyclic,
partially unsaturated alkyl, or aromatic containing alkoxy group (e.g., methoxy, ethoxy,
phenoxy), and R? is alternatively hydride (e.g., methylsilane, dimethylsilane,
5 trimethylsilane, tetramethyisilane, phenyisilane, methylphenylsilane, cyclohexylsilane,
tert-butylsilane, ethylsilane, diethylsilane, tetraethoxysilane, dimethyldiethoxysilane,
dimethyldimethoxysilane, dimethylethoxysilane, methyldiethoxysilane, triethoxysilane,
trimethylphenoxysilane and phenoxysilane); (b) a linear organosiloxane 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'R2SiO), where n is an integer from 2 to 10 and R' and R?
are as defined above (e.g., 1,3,5,7-tetramethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethylcyclotrisiloxane, hexamethyldisiloxane, 1,1,2,2-
tetramethyldisiloxane, and octamethyltrisiioxane); 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-dimethyidisilane, 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).

20 In certain embodiments, the organosilane/organosiloxane is a cyclic alkylsilane, a
cyclic alkoxysilane or contains at least one alkoxy or alkyl bridge between a pair of
silicon atoms, such as 1,2-disilanoethane, 1,3-disilanopropane, dimethylsilacyclobutane,
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.

-12 -



4.0 4.0 4.04.03.05.0 3.0 5.50Tine

(SeC) 18012015090904545454545909045909018045454560Subst r at e Tenp

(©) 350350350400400350350350350350350350350350350350400250250350Gas Fl ow
(sccm Trinet hyl si | ane540540540540370540540540540540540540540540540540540540
5403700~-90909010015090150150909090909090909020050200100Si Fa250250250. 100250

T ckness(nm 635 EhA™ S0RA0E0s e IR R DI e 0R s
23 r 1. 4108 Paeq BTN bt crbtp torkisted oo pholde. B Gridaid o At £ 4
0 0030 0. o858 0P 8604 Bbed gt ande Ty e Too IR B elsTial

(o) 211 A0e” B SR B hody i rgHicg e el P Bimaryntiteiitng oF

25,5 Sl 31yl 25 PP, Byt g
géj(?;%b?‘z/&ége%gg@/g%%%% 2(())/00];/&(?0)‘;201(%8‘?/?00‘%)0%00%00%00%ung' s Modul us

16. 014 614, 015, FIgefsd ipdneprovising gasesylagk 9% FoG bongs fieo fluggine kprdrester o
g 5%25035“%@%95%@@%%%& & up b1 B3 TG, 3o prefelpiohipg S@@f@?@éﬁs nefde)
o§a32‘4£32‘4§%§3§i’% Mo . 8% Fae T pr TroAiSs. 36, D Iof 1o, Fesitly 6. 42
reasar 8o § GATREFOREER AR B fele bﬁﬁfvﬁe@“@atﬁ% S%f*f\éﬁag%‘f’ﬁiﬁ“ﬁ%‘ﬁsh
nas measur dcnPaé BRE oM A e L Yo | REGARL 3hd
hardness ured-on an rﬁaﬁm naesdn{ﬁj0 %?eman?gggeana § 3

the ﬁﬁ?ééﬁﬁeﬁ% foialesy Aofaiay yfber, 28 %f?d“"ﬁs/%ﬁs%@‘r‘”g h’éfe%& 5%\5
ther mal SP%&'\%B%S"?HQ%“ bkt 'siwﬁ"arb*e‘éx& ﬁﬁ%ﬁ%ﬁ%ne%ggﬁfﬁﬁ“w%%%ew

to OSG type.Jmie! Io%'%obﬁ@%?odld(} éﬂwﬁme%é’]ﬂ%&g&% ?ute&Rf’E?’l%Est o tﬁé""sic%h' ”9

anbi ent atrmspheret air OCahd rapid 0SS 1S seeh™tor the

stabi | 1oy, CEpftudtiEy S iR hbshoa lea R ?Ega"é‘hﬁéteaéf@%%&o%@%' K er
i ﬁSZﬂ?IU‘Z' b BoYE *Gaseshgiios 4 Rt sIb G s bl erpe o1
wei gt 1 oo SryfbRid, HtoriiSine ”23%*#%52?”%% &%%ﬁ“"i?@%‘aa?ﬂ Ben,
ext ended B?ef!uc@ﬁwﬁméﬂéﬂ%-s'éi’ﬁft "ng only at about 47001 min when scanned at

Suitable oxygen-providing gases include, e.g., O, N,O, ozone, hydrogen

20  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-providing 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

25 use dimethoxymethylfiuorosilane 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.,
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10C¢/ mn in air. Fig. 3 shows | R profiles for the filmof Exanple 16 and
" OSG at 425C isothermal in air. This figure shows that while the inventive
film(dotted line profiles) loses only COZ 20 and water, the OSG nateri al
(solid line profiles) |osses a substantially |arger anount of C02 as well
as water and CH4. There was no indication of any fluorinated organic
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| ove di Ie?%{?hgr&éﬁ@nstant and i nproved nechani cal properties, thernal

stability, fif:cal resistance (to oxygen, agueous environnents, etc.)
relative to OSG qater,i

i nventi on based ‘RO %Sghrgs?%@éoﬁaﬁé?q]#\pﬁy Irsg'fsng "?C“'tﬁlg:ﬁgsgi'%grll E?/éo F§t?rt'hff's
t he organosi |l ane pregcursor is 'S{émc':m })n r‘1I'Cabl e 4 bel ogs/ fegir a 2(&0 silicon
waf er subs ea'feé‘ge%iibﬁ‘? 5% BNieRded Qr?)f.”ﬁﬁﬁﬁéﬁgfltn JelyEd ?f as a gas

~C) 350Spagi il)250RE WA 300T . n)Ll 50
S Fa Tl on (&R akoh 0varRl S wintlee € o himed s kg R farsrg B i ¢ o

3.0, with a Young's m)dtul HSrOf about 15 GPa and a nanoi ndent ati on har dness
of about 2M&PCAr erpqagslggé ?veeacggfanpl e of the invention based on using

' Tapi& 5 bel ot A 20 AR Ebn TPAFS o flor FarE TaReBoHBRess Bl

o O B DL 9Bk D 55 P rospton o

expect e I Lel e Mhdlonkr Rl AIF e ot ish et Sy L8 PR,
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
organosilane/organosiloxane, 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, N,, 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 gaseous
or liquid organic substances, NH;, Hp, CO,, or CO. Organic substances, such as, e.g.,
CH,, C,Hs, CoHs, CoH,, CiHs, benzene, naphthalene, toluene and styrene and can

25  provide carbon for inclusion in the inventive films.
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A prospective exanple of the invention based on using diethoxynethylsilane
(DEMS) as the organosil ane precursor is shown in Table 6 below for a 200mm
silicon 5 wafer substrate. Table 6 Pressure (tort)4.0Substrate tenperature
(~C) 350Spacing (m ) 250RF power (Watts)300DEVMS

(g/mn)l.00zZf I om sccn) 100Si F4 flow (sccm -_1200 - The expected k val ue
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< 1 s trom SR ipaadabR AL N L8stite SUST Preterily. (DTG pay o bRl

Syosradt! ophiafian® cAlmicle VebHP deBBalioh POROR! deftidlafly PBRAfk %o Jehld B 1

claim1l, ereln nos ogen i s bonde 0 carbon. f fai:cm

f claiml ' il j : '

claim L nagr it foued @?%*%%a%ﬁ%%ﬂn i ?’;15%3?Mﬂ?S%?‘m%oméver%%rﬁf%{ﬁvﬁf

laim 1, hayj I i . : T [ [

T “havi ng TP RSP Morebrer Rty P SudegbiCiodRen B by el afod™
as

havi ng a DB{)@meSsiu%Frétgss than 5 nm equi val ent spherical dianeter,
det er m ned by H angl e neutron scattering or positron annihilation

lt ih;ﬁt '2@ spectr SRE W raPeEfoﬁeaJhﬁ tﬁlé g%ﬁe%rsﬁ‘é%e%d%?rew&E%r%eg %ﬁ" ‘l?b Fo%(}@s S

nm equi val ent "spherrica ermn y smal [~ ang

neutron scatlgringe QerBABI M 2801 BHARLIAN pet Lifibe TR0 FRE Wi SR ind¥idudl
provi ae at | an

filmof clarm1, pr as an rnsu on’'lfayer’; interlayer dielectric

| ayer, annt%ég La?%%?llec@heéoegé fd Brob@é%e d@sﬁ;@cpg%ggntg DA ratiés of fluorine, carbon,

chem cal -
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 deposition 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 torr. -
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.

20 Table 1
Pressure (torr) 4.0
Substrate temperature 350
(°C)
Spacing (mil) 320
RF power (Watts) 400
Trimethyisilane flow 540
(sccm)
O, flow (scem) 90
SiF, flow (scem) 250
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20 ,pl anari zation or etch stop layer, a barrier |ayer or an adhesion |ayer
in an integrated circuit. -23 10. The filmof claim1, having an average
wei ght loss of less than 1.0 wt% hr isothermal at 425C under Nz. 11. The
filmof claim1, having an average weight loss of less than 1.0 wt % hr
i sothermal at 425C under air. 5 12. The filmof claim1, having a bul k
density of |ess |valent
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claim 14, a %Wa bul k densi Iess

h .
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Gas and ot MEGRE; St fr ket 25 BRAMEBRCTAPRS Eee el Re B eEY an
or ganosi | ape_and ¢2n organosi |l oxane; and 5 c. applying energy to the gaseous
reagent s |P[ @n Y"chanber to induce

The film is preferably deposited to a thickness of 0.002 to 10 microns, although

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

20 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

25 Examples, but it should be understood that the present invention is not deemed to be

limited thereto.
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reaction of the gaseous reagents and to formthe filmon the substrate. 17.
The nmethod of claim 16, wherein the at |east one precursor gas is an

al kyl silane of the general formula R ~SiR24 ~, where n is an integer from1l
to 3; R and R2 are independently at |east one branched or straight chain
C, to Ce alkyl group, a 10 C3 to C8 substituted or unsubstituted cycl oal kyl
group, a C2 to C o partially unsaturaghegyalgy! group, a Cs to C Z
substituted or unsubstituted aromatic, a corresponding |linear, branched,
cyclic, partial lag emaﬁmuh@tmeadekwme@bn ANONFHliEE MaBHiAd Pratgsich-508Y SYS1BHPS,
-and R2 is alternatively hydride. 18. The nmethod of claim 17, wherein the

al kyl si | anth 8200 ciephistfitdd WoitH ammdvbﬁcegEnergyczmwrsgematﬁr, using an

met hyl sil ane, dinmethylsilane, trinethylsilane, tetramethylsilane,

- phenyl si | ansdopest TyOB rogdssiKitanEhe egipedmnaivddsthe dellowing basi¢ steps:' initiab sétaure,
ethyl silane, diethy Isrlane, tetraethoxysilane, dinethyldiethcxysilane,

di et hy® di apd rebadikzation eof g:ﬂsnﬁQWQ/I danesiion,i a@dmurgeéewaw@tféat efoshyamibangrior to
triethoxysilane, trinmethyl phenoxysilane and phenoxysilane. 20 19. The

net hod of waéﬁrrﬁemvakm@uéwuaﬂﬂu e shambrs ggan was meu‘eﬁn%afseroem dgpegiicrand
the at | east, one Eﬁecursor has the fornula R ~S ~, . where n is an integer

from1l to S?'”Sr‘i’ﬂ Ity Golpy + pé&??“(ﬁ?{@wﬁfiz?ﬁf&%”mer§??5<9"{j}9t3t%91a| nC to C8
al kyl group,

bstituted bst.it ut ed | oal k
fo L o parti i1 Pielpdic GP%%*%%S&Y%S%%%W& Uiy BroBe SR o lowiragiin”

Rt R e e e AT
20, Theomeiagd Shaghel MulhinatNSBIR Shpd CBRla8NS Bk 1ol OB RRHER" 6] 19

gas and the a one precursor uor

di f1 uorodi ﬂ?érﬁ%b?dvﬁrﬁé’tﬁc %ﬁ&l?i’x&foh'é JHHQFrQSTA ﬁi%ﬁum%hfér%b'ﬁﬂ‘eédp%d '8 MIPAC

di f1 uorodi met hoxysi | ane he nethod of claim 16, wherein the at |east
one precur gfffaréd spedttonsiter FrEAIRY0%d-NNNEataf wérer sBthifed ‘onF BRAEP! ABX-S0H23
where n is an integer from1 to 10 or a cyclic organosil oxane of Formula
|1 (R RZSkcbhnpogitiena#t data Swere olthinger by xaay Dhotoelddiro spaottodtdparXPS) on a

i ndependently at |east one branched or straight chain C, to CB al kyl group,
a C3 to CePhytisaliBledtrohicsr500058bst i t ut ed cycl oal kyl group, a C2 to C, o0
partially unsaturated al kyl group, a CBto C z substituted or unsubstituted
aromat 18, or a pneparativepoxatinpigs [1Fhwere ptadaneh édacasyddrice, wrtiathteutaatiyngs of
unsaturated al kyl, or aromatic containing al kox ?roups

al ternati vél§. 'ﬁ?fér Nee.6,159,8heangB0R6378fand W%ﬁ 1%@%@!‘? Pﬁé'ated in Table
organ05|loane is selected fromthe group consisting of

1,3,5, 7-tefr ‘hyl cycl ot etrasi | oxane, octanethyl cycl otetrasil oxane,

hexanethyl cycl oteel L asane). hexaebind ' bl 840G 6B cd ongen e et nod of

clain1%§, wherein at | east one of the organosilane and the
fluorine-providing gas is a cyclic or |inear organosiloxane, which contains
at | east one Si-F bond. 24. The nethod of claim 16, wherein the at | east
one precursor is a linear 20 organosilane oligoner of the general fornula
R2(SiR Rz) ~RZ where n is an integer from2 to 10 or a cyclic organosil ane
ol i gomer of the general fornmula (SR RZ)n, where nis an integer from3 to
10; R and RZ are at |east one branched or straight chain C, to Ce al kyl
group, a C3 to C8 substituted or unsubstituted cycloal kyl group) a C2 to
C, o partially unsaturated al kyl group, a C6 to C,z substituted or
unsubstituted 25 aromatic, or a corresponding |linear, branched, cyclic,
partially unsaturated al kyl, or aromatic containing al koxy groups, and R2
is alternatively hydride. -26 25. The nmethod of claim 24, wherein the

| i near organosilane oligonmer is _ selected fromthe group consisting of

1, 2-dimethyl disilane, ~ ,1,2,2 tetranethyldisilane,
1,2-dinethyl-1,1, 2, 2-di net hoxydi si | ane, hexanethyld isil ane,
octanethyltrisilane, 1,2,3,4,5,6-hexaphenyl hexasilane, 1,2-dinethyl-1,25
di phenyl di sil ane and 1, 2-di phenyl di silane. 26. The net hod of cl aim 16,
wherein at |east one of the organosilane and the fluorine-providing gas is
a linear or cyclic organosilane oligoner ,uith at |east one Si-F bond. 27.
The method of claim 16, wherein the at |east one precursor is a cyclic 10
al kyl silane, a cyclic al koxysifane or contains at |east one al koxy or al kyl
bridge



between ,a pair of silicon atons.

| east one precursor
di et hyl si | acycl obut ane,

1, 1-di et hyl
di met hyl

28. The nethod of claim 27, wherein the at

is 1, 2di sil anoet hane,

1,

1 15

1, 3-di si | anopr opane,
1, 2bi s(trimethyl sil oxy)cycl obut ene,
-1-sil a- 2, 6-di oxacycl ohexane,
-1-sil a- 2- oxacyclohexane

1 2 bls(trlnethyI5|ony)ethane

. 1~, 4bi s(di net hykst beRzene g1 —arethy-sHhaeyrel-pbutanre—29., The
nmet hod of claim éﬂ@?é?ﬁf %t Ieas one pgecurgor | cq tdlng alreactive
si de group selec ﬂ f-om-the-—grol éﬂ :;é%ing; f lan_-epoxi a-carboxyl at e,
-an al kyne, a die ibstra { )h\ n\3 2| rali _‘@1 C?{spi oo n3ﬁgd ato
C, 0 group 20 whi 'Qkﬂﬁ S8 cal | v Bdkrb33r | s66%hilnBPRe| AB24 dabf3one
precursor gas. 30 UMHImii(hby of clal £6, iwherein’the flRuqrife-providing
“gas is selected fRebipctivelngevup cankf4d | hd39f 1=i4@4 1.4868| 1831 |HR44SF6, CI F3,
BF3, BrF3, SF~, NE-Dniforrdyisl-) F25i Hz, [BE73]0.607A4¥090(.0873]6.:084 7and
m xt ures t her eof |Avgragei Gaai/Ha@E) t|he3tor h@AdF I uor osji Bakes a0 ot i n¢l ude any
F- C bonds. 25 31Digledthie Copstaot of| 81081 m21% wher ei|n2t99e| &@Den- pr ovi di ng gas
is O-, NCO ozonfdhkyidn§tape Pdl) oXi1de% NMOWNOAP0NWZC100% ON0TPL K100 |t her eof .
_27_  32. The nptduwed'sdodiliia m 16, furfher ¢onprifsing deposijfting fhe film
on a sem conduct gGPaubstrate at g t8if cknggs [08.40./0026t0 14 rfi @®dn$. 33. The
met hod of cl ai m NihatdnesBeGPgpnpr{i sifg| usyng afee f 11, as1an || AS3 ati on
|l ayer, an interl ®ighettaEX@Sr1Cc Tjayer,[an I nterngtal dferecyric rayer, a
capping | ayer, algocchem cal - mechgni cal gbgpariz@tlgg5o »igh s3gp|layer, a
barrier layer or|an adnesion Tggr 1IN ARSI EIE ATEWRET 0I5 1| 383 The net hod
of claim 16, whefern The TTIMyay & DU KAUETSA{ Y 0H1Qe°¥4u'°”gisr g/cc, a
pore size |ess tmam 275 M eqUe Vgt et SPIFETICH) q1 aRELET g O uﬁ’f—& m ned by
smal | angl € neut ronm—scattertng ot pUbl romr—amtht-tatt+of—++fet+fe
spect roscopy, 1%@6}&%%%)&%@% ﬁﬁ@d&&ﬁﬂ%%;ﬁﬁ?%‘r%ﬂle@ the carbon) and
the filmis deposited on the substrate as an i'nsulation | ayer, an
interlayer dielectric layer, an internetal dielectric |layer, a capping
| ayer, a chem cal - nechani cal planarization or etch stop layer, a barrier

| ayer or an adhd&¥iysioall ayeiesi of aavéral eiffesdrt dfilis r pradticed3n atbsrdamid adthothe
claim 16, wherein the gaseous reagents include at

f uncti oni ninvastien atectabulatedoindfabléhd bielawo(Naote:- ptavicdi hydggen rohdet@xyired by
36. The nethod of claim

provi di ng
16, whe?ei

as the fluorine-providing gas,
one precursor gas.
mechani ca

chem ca

as and the at

20 37. The filmof claim1,
pl anari zati on,

| east one precursor gas.
PSHer dakledhs reagents include at |east one nol ecul e functioning
t he oxygen-providing gas and the at
said fil mbeing anenable to
al um num subtractive technol ogy,
damascene technol ogy or anisotropic etching. 38. The filmof claiml1,

| east 15 one nol ecul e

| east

copper
sai d

filmbeing capabl e of adhering to silicon) Si02, Si3N4, OSG FSG silicon

car bi de,

antireflective coatings,

organic and inorganic materials,

phot or esi st s,
met al s,
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39..1n a nmethod for producing an organosilica glass filmconprising
chem cal vapor deposition of organosilane or organosil oxane to produce the
organosilica glass film the inprovenent wherein a source of inorganic

fluorine codeposits inorganic fluorine during at

| east a portion of said

deposition of the organosilane or 5 organosil oxane to produce a film

substantially free of or
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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 186, 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
15  10°C/min in nitrogen, whereas the inventive film shows a much less rapid weight loss
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 for 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,
20 and water, the OSG material (solid line profiles) losses a substantially larger amount of
CO, as well as water and CH,s. 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
25 visible sign of organic fluorine, which would be expected to show a signal at about +90
ppm for ~CH,F up to about +150ppm for —CF;. The only form of carbon seen by this

technique is carbon attached to silicon, showing a response centered around 0 ppm.
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f 109& () - S" 10%&A() qQsPeeig: (sa)ganmj? 1qj( the invention based on using 1,3,5,7-

o) ! - ' 0, ! -
10(9910% &te(t?an17ecﬁ"1);Igyéqo%etggsill);é]n‘]e‘]mba% the organosilane precursor is shown in Table

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
0O, 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 a nanoindentation hardness of about 2 GPa.
A prospective example of the invention based on using dimethyldimethoxysilane
156 (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 (sccm) 200
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Table 6

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

Spacing (mil) 250
RF power (Watts) 300
DEMS (g/min) 1.0
O, flow (sccm) 100
SiF, flow (sccm) 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.
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atomic%, x is from 2 to 30 atomlc%, 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.

»

The film of claim 1, having a dielectric constant of less than 3.0.

o

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

o

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.

15 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
layer, an intermetal dielectric layer, a capping layer, a chemical-mechanical

20 planarization or etch stop layer, a barrier layer or an adhesion layer in an integrated

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

5 12. 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 banded 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

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

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

14. A film 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%, y is from 10 to 50

15 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.

15. 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
neutron scattering or positron annihilation lifetime spectroscopy, wherein most of the

20 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
layer, a chemical-mechanical planarization or etch stop layer, a barrier layer or an
adhesion layer in an integrated circuit.

16. A chemical vapor deposition method for producing the film of claim 1, said

25 method comprising:

a. providing a substrate within a vacuum chamber;
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25

fluorine-providing gas, an oxygen-providing gas and at least one
precursor gas selected from the group consisting of an organosilane and
an organosiloxane; and

c. applying energy to the gaseous reagents in said chamber to induce

reaction of the gaseous reagents and to form the film on the substrate.

17. The method of claim 16, wherein the at least one precursor gas is an
alkylsilane of the general formula R',SiR%,.,, 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
Cs to Cs substituted or unsubstituted cycloalkyl group, a C, to Cy partially
unsaturated alkyl group, a Cs to Ci, substituted or unsubstituted aromatic, a
corresponding linear, branched, cyclic, partially unsaturated alkyl, or aromatic
containing alkoxy groups, and R? is alternatively hydride.

18. The method of claim 17, wherein the alkylsilane is a member selected
from the group consisting of methylsilane, dimethylsilane, trimethylsilane,
tetramethylsilane,  phenylsilane, methylphenylsilane, cyclohexylsilane, ° tert-
butylsilane, ethylsilane, diethylsilane, tetraethoxysilane, dimethyldiethoxysilane,
dimethyldimethoxysilane, dimethylethoxysilane, méthyldiethoxysilane,
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',SiF4.,, where n is an integer from 1
to 3; and R is at least one branched or straight chain C, to Cg alkyl group, a C; to Cq
substituted or unsubstituted cycloalkyl group, a C; to Cyo partially unsaturated alky!
group, a Cs to C,, substituted or unsubstituted aromatic, a corresponding linear,

branched, cyclic, partially unsaturated alkyl, or aromatic containing alkoxy groups.

-25-



S10%$& ()-1L05 s109$& ()- SL10W$& ()- s109$& ()- S10W$& ()- s109$& () -
S109x$& ()- S109$& ()- gl055WHWZ g s109$& () - S109%x$& ()- S109x$& () -
S109%&$& ()- s109$& ()- dDOS5WHWZ g s109$& () - s109%x$& ()- s109x$& () -
S109%$& () - S10%$B& ()- sS1O0WP& ()-mB055 s10% P& ()- s10%&$& () -

S10W P& () - s10W$& ()-5WHWZNg s10% P& () - gK+5 s10%3$& () - s10W$& () -

10O () <103 fle SRR SRR e TR i
and the at least one precursor is fluorotrimethyisilane, difluorodimethyisilane
methyltriflugrosilane, fluratriethoxysilane or difluorodimethoxysilane.

21. The method of claim 16, wherein the at least one precursor is a linear

5 organosiloxane of Formula I: R'(R%Si0),SiR% where n is an integer from 1 to 10 or a
cyclic organosiloxane of Formula Il: (R'R?SiO), where n is an integer from 2 to 10; R’
and R? are independently at least one branched or straight chain C, to Cs alkyl group,
a C; to Cg substituted or unsubstituted cycloalkyl group, a C, to Cy, partially
unsaturated alkyl group, a Cq to C,, substituted or unsubstituted aromatic, or a

10 corresponding linear, branched, cyclic, partially unsaturated alkyl, or aromatic
containing alkoxy groups, and R? is alternatively hydride.

22. The method of claim 21, wherein the organosiloxane is selecteq from the
group consisting of 1,3,5,7-tetramethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethylcyclotrisiloxane, hexamethyldisiloxane,

15 1,1,2,2-tetramethyldisiloxane and octamethyltrisiloxane.

23. The method of claim 16, wherein at least one of the organosilane and the
fluorine-providing gas is a cyclic or linear organosiloxane, which contains at least one
Si-F bond.

24. The method of claim 16, wherein the at ieast one precursor is a linear

20 organosilane oligomer of the general formula R*SiR'R?),R? where n is an integer
from 2 to 10 or a cyclic organosilane oligomer of the general formula (SiR'R?),,
where n is an integer 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 Cy partially unsaturated alkyl group, a Cs to C4, substituted or unsubstituted

25 aromatic, or a corresponding linear, branched, cyclic, partially unsaturated alky!, or

aromatic containing alkoxy groups, and R? is alternatively hydride.
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