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BACKGROUND OF THE | NVENTI ON The el ectronics industry utilizes d|electr|c_
material s. as insulating |ayers between ‘circuits and conponents of
integrated circuits (1C) and associ ated el ectronic devices. Line | -
dt nensi ons_are being reduced in order to increase the speed and 'storage
capabi lity...of mcroel ectronic devices (e.g. conputer chips).. Mcrochip
di mensi on$ have undergone 10' a significant decrease in the past. decade

such that I'ine w dths previousl y t re being decreased to
0.18 mcron-wi'th forecasts for %%Q}‘;Tgbﬂ&%f\lﬁ@y in the next 5-. . 10
years. As-the he requirenments for prevent| ng

& gnal .crossoéhﬁhﬁlﬁﬁ@ﬂ%ﬁﬁr%éﬁ%rémwrg ER DIRGETRGHLMGWITH
rigorous. These requirenents  CEOWBIELEOMRICACONRY A expression RC V\/nere
Ris the resistance of ‘the "15 . conductive line and Cis the capacrtance
of the-insulating dielectri C i nterlayer. Cis ;."inversely' proportional"’

spaci ng .and ‘proportional "to the dielectric constant (k) of the interl ayer
dielectric (ILD). Thus, shrinking the spacing requires a lower'k to o
mai-nt'ai n an acceptable RC. -Historically, silica (Si@) with a dielectric
constant of 4.2 - 4.5 has been -enpl oyed 20 as the |ILD. However, “at line’ ;
di mensi ons l'ess than 0.18 nicrons, silica is no |longer - accept abI e and- an

ILD with 'a k of 2.4-3.3 and bel ow is needed. -t Two general -approaches to .-
maki ng-a low-k ILD are spi.n-on and chemi cal vapor deposrtlon (CVD). .

Al t.hough both nmethods. are capabl e ‘of generating a lowk ILD, .CVD processes_

i zg%a?xazsgg.e:;. e AR R TR RN, LS (I e o
CVD pr oduc ed - |
' crrcurts and components of rntegrated circuits (lC) and assoclated electronrc devrces
‘ Lrne drmensmns are berng reduced ll'| order toi mcrease the speed and storage capablllty _ '.
i of m|croelectronrc devrces (e g. computer chrps) Mrcrochrp drmensrons have undergone' -
1 0 a srgnrf' cant decrease in the past decade such that lrne wrdths prevrously about 1 mrcron =
.. are being decreased to 0. 18 micron wrth forecasts for as low as 0 10-0.05i in the next 5-.. |
- 10 years As the line drmensrons decrease the requrrements for preventrng srgnal
R _ crossover (crosstalk) between chrp components become much more rrgorous These
requrrements can be summarrzed by the expressron RC, where Ris the resrstance of the -
- . 15 E .:' conductrve lme and C is the capacrtance of the insulating drelectnc mterlayer Cis
- '-‘-I'rnversely proportronal to spacrng and proportronal to the drelectnc constant (k) of the e
interlayer drelectnc (ILD) Thus shnnklng the spacrng requrres a lower kto malntam an
- -acceptable RC |
Hlstorlcally, silica (SrOz) with a dlelectrrc constant of 4 2 4.5 has been employed
20 as_the ILD. However, at line dimensions less than 0.18 microns, silica is no longer

. - acceptable and an ILD with a k of 2.4-3.3 and below is needed.
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5:¢ fllns conpared to organic polymer films produced by some spln on
pFoce§des. CVDis  also thought to have better conformality and gap filling
capability than t he spin-on. method.” The current method of choice for

di ssociating or activating the reactive gases in a.- CVD chanber is by ,
using a RF coupled plasma in a reaction zone above the substrate, .10 such.

as that described rﬁaclm’g I -
gep05| t i on (PEC,\/-S)NBt @ggrt%g%@ atﬂuér%etar equi EW ﬁﬁ@%-s%ﬁané’fcﬁ%ht %%apor
deposi tion i ra .

t han tenpera regﬁirﬁ ' 8@%@“%%@&%’%&\47%8 %nveﬁfg%ﬂheﬁ?gﬁg '°%L¥%¢%CVD
dielectricf Si 2.

t etraet hyl or 03| :’sglg?&ﬁ% dgg%gh g8lngé%l§gﬁ¢.%§ég% CI_‘?s)eFF g‘t’lé%l'?%r t han
40 .. ' There ich | as.atte t roduce,
silica-bas e&“q’éﬁﬁ?’?%l?@%m?ﬁﬁp' \ﬂl&h rﬂtfoé'l ‘ﬁ'ﬁwptuaélﬁ'g t‘ka%?tgurg‘t'rﬁé’frqg/ﬁ roduced
successf ' ng.the d |n of the nsul a filmwth carbon- atons, . =
fluori negat ,S%BP‘PBP&% %ﬁ‘ﬂ¥m85 ﬁ&l'd:egapryb?ﬂme SRiR-on Ryeeesses.. C¥rison
d d [ica, h I which the 20 - - =
oo 0 o s bpugitss beyP 6t Zophes nlf)a/aﬁdsap?b@s paily thatmspin-an 0- 60 99
wll be refer[1 to herein as _organositicate glass or OSG" Fl uorine and. E
car bon dope(!l”%t Pf-c havi ng. the general formula, SiaObCcHdFe (wherein: the o
t % of "a+b d 100% d =10-35 % b = 1-66 % =.1-35% d .=
0-60 % and o = g8 *oige% mafhorl of heige G issociating &r aciveting hereeatiecgasesiin a.
structural arrangenent of ‘carbao silicon, -oxygen, fluorine, 25-and = -
hydr ogen at-§MD Fitarbes is py,sing E[Bﬂ"' souplesd plasme id A rea@loprwuarabove thesubstnate} he
oxi dant, ~ -2 and the -CVD process conditions, such as RF-power, gas flow, .
resi dent@ t Bueh agthat desgiped in WQe94148pimplasme eshanced clientical arapmrrdepbatlm or-:
- organi c_groups Jowers the k of the --resulting: dielectric filmfor several
reasons. O (FFECY¥D)thedpmperatiurn requirest fag the dissoctioy end depasition llsltyptcalladdl ng -

met hyl or other .organic groups to.the conposition -can act. to.
: . between 100 and 400 °C which is generally Iower than temperatures requ:red for

thermal CVD _ - . _
Conventlcnal smca (SlOz) CVD dlelectrlc fi lms produced from S|H4 or TEOS
(S:(OCHzCH3)4, tetraethylorthosrllcate) and 0O; have a dlelectnc constant k greater than
4. 0 There are several ways in whlch mdustry has attempted to produce snltca-based .
-CVD fi lms with lower dielectric constants the most successful bemg the dopmg of the
- . msulatmg fi lm with carbon: atoms fluorine atoms or organic groups contalmng carbon |
o '_ and ﬂuorlne Carbon doped smca havmg the general formula SlaOchHd, (in whlch the _
' : 20 atomlc %ofa+b+c+d = 100 % a 10—35 % b= 1-66 %, c= 1-35 %, d = 0-60 %) W|llbe o
U refarred to hereln as organosmcate glass or OSG. Fluorlne and carbon doped snllca T
havnng the general formula, SIaOchHdFe (whereln the atomlc % of a+b+c+d+e = 100%
.' and a = 10-35 %, = 1-66 % c= 1-35 %, d= 0-60 %. and e= 0.1-25 %) will be referred
_ 'to as F-OSG The ratio and structural arrangement of carbon snllcon oxygen, ﬂuonne

25 and hydrogen atoms in the fi nal ILD is dependent on the precursors chosen the oxidant,



protect the resul ti ng CVD deposited:-fil mfrom contam nation. Wit h- noi sture
The Thcorporatlon of organic groups such as. methyl or phenyl .can also
serve to "open up" the structure of the silica, possi ny |'eadi-ng to | ower .
denslty t hr ough space-fi:lling with bulky.. CHx bonds. ' Organic groups. are .
al so useful because sone functlonalltles can be 10 |ncorporated into t he :

s d then | "bur ned_out B |
ot or a1 whi@ BPIGVD FIGEPER RATH ARG U BB PoerrBES TWiEcTERPaES BBoRd of i

or pores in a low di electric const ant rraterl al will result in reductions
in the di el deFPPRIENst ant proportional to the amount “of porosity. Wile
this is beneficial, the ampunt of pofosity. ingor orated into the film
must be bal anced WPRIPG theesﬂaawehéaarwSatenﬁe&P@anmrwne owers tha k sttheri on of
pores-will have on the nechani cal ropertles of the' film. . Thus the optimm .
amount of pdedélingdigleciriciim fﬁttseveraf) regagnsn (A9RNICIISEVRRy SUAR ap methyli aref | uorine -
provi-des | ow polarizability, thus leading to | ower. k. Fluorine-containing
or gani ¢ §r ougdrqphohncateuwdmgenetbylprnﬁwomm groups ta thei compasiioncan aat to

al so serve to protect the silica from contamination with noisture. 20 Wile
f I uor i nat ed psotecithe nesulting-0\éD Hepasited) §im frqmi contaminationrwith moisturec [Ehe cal
stability to withstand very high tenperatures (up to 500C), the materials'.
properti es . ifoorppratidroof argaric gooppsucgs methyboi prenypcarpalso sesp taf'cpen up" the
suscept| bl'e to being conprom sed .- when |arge anbunts of fluorine are :

i ncor por at ‘edtructure ofithe silica; masxbtymadmg todowel dengity througtespadedfilling witrcbullas
poI y(tet raf l:uor oet-hyl ene) despite having very |ow k values down .to 2.0 25

I'ess,” hagH,bohds hOrgankidrbis aretalsotushiil beyause sonte functisraities ean be
experl-enced -during subsequent processing steps involved-in the rranuf acture

of an ifgeg fr%bfpﬂ)réted Mitb the OSE, andtheanater 'ﬂﬁlli’r)ﬁiﬂﬁlﬂ" broxYldined & produews niths S ess:
suf fi ci.ent: mechani cal strength for .processing under -current.:condi-tions.-

Al so; f1'uor peRiE ARateRd WIRhSwilt ivhelenig have 8 lowshi@ ikheCilsorpbfdlion of PEIBS or pores
adhesi on, ‘potential reaction with netals at high tenperature, - and poor
rigi d' t y ar |nha Eﬁv Glél@&t@ib%bh&tént' rﬁatéﬁalﬁwmfe%ﬁﬁ in reductlons in the dielectric constant s
- _proportlonal to the amount of porosuty Whtle th:s is beneflcnal the amount of porosrty
: ". mcorporated into the f|Im must be balanced wnth the deletenous effects that the -
- 15 .~ rntroductton of pores wrll have on the mechamcal propertles of the film. Thus the_ '
L .optrmum amount of porosnty wrll be matenal dependant '_ | _ |
Dopmg the ILD with ﬂuonne prowdes Iow potanzabtltty thus leadmg to Iow& k
Fluorme-contalntng orgamc groups such as CF, are very hydrophobtc so therr presence

,..':wﬂl also serve to protect the smca from contammatlon Wlth monsture

20 - " _' While ﬂuonnated silica matenals have the reqmsute thermal and mechanlcal

E-’stabrhty to wnthstand very hlgh temperatures (up to 500°C) the matenals propertles ST

| '(e g. tow water sorptlon mechanrcal propertles) are susceptlble to being compromrsed .
| when large amounts of fluonne are mcorporated lnto the material. Fluorlnated organlc |
matenals, such as poly(tetraﬂuoroethylene) despite having very low k values down to 2.0

25 - orlless, have not shown sufficient stabiltty to the temperatures ekperienced during |
subseouent processing steps involv_ed in.the manufacture of an integrated circuit.
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5 One, vvay to |ncorporate carbon into an ILD is by usi ng an organosil ane
$tich as nethyl sil anes (CH3) ‘SiH4., as a silicon source in the PECVD
teaction. W9941423 and - U.S. 6,054,379 describe the reaction of a silicon
corrpound_cont ai ning-nethyl groups- and Si-H bonds .with nitrous OXI de (N20)..
oxidant to give an SICC filmw-th a carbon content of 1.- 50 %by atomic
wei ght and.a_ |l ow dielectric tant. U. 6,159,871, disclose

Tt hyl i | andrqegiTAohets ngensral ﬁotzppss%ssay icignt Mechpnical i:eaeth ioane
precursors to. .OSG low k filns. Materials wth 10-33% carbon content, by
wei ght, ancprm%yte ynden carent coaditignss rAlee). flugrpcarranaalymgrsigan. have ises, et
al ., entltled "Deposition of LowK Dielectric filns wusin

Tri met hyl.si [dsawbacksisugh 8 peetadhinsion peigptial ppagtion ‘Wblmetgl§% hlqta@mperat@ret 0
152, 15 describes the use of trimethylsilane.in"a PECVD process to. provide
films with. a@dm@rngldsyathgtst@nmah@lm@@aseaescr. be the use:of phenyl or .
Vi nyl contalnlng organosi l ane -precursors in producing dielectric filns.

For exan®le, U SO&ewamcgleeoraosate oar@gnu'ntean;ﬂ:@iaabmusinmaoforgmﬂmnmckatsi | s
from for'exarrpl'e (C6H5) , Si H4. (CH2=CH),SiH4., (x.20is 1,2 or 3),. and.
an oxi di-zi nm@hﬂs:tanﬂ@(@ﬂ@&ﬂ&d& asthom’esotdceeinethe PAECVD reax:tlde.pmgw423 and
phenyl or- met-hyl sil anes with Hydrogen peroxide as the oxidant and the . .
addi ti on of U.8x§,084,37@ desatiberthe heactiss ot a alicamcdrepounarcdntainiag Imetioy) gesyppound

and t'He. oxi.dant. WO 9941423 .and EP 0935283 A2.di scl.ose siloxanes such.as . "

H( CH3) ahd GHiH tsdrid)s Aith rﬁ@@ MWZO)ZUSMQM torgivecareSIAC (i InORithiaGdon) 4613
precursors for 25 PECVD produced OSGfilns... -4 Silyl ethers -

(al koxysi | aaeﬁt)anha\ne—ab%btaemmdm@meadaamﬂreteutﬂcs@dretémr dielectric
films. EP 0935283 A2 discl oses nethoxy and et hoxysilanes, such as -

(CH3) 25¢f OCH3) 2 (BSe, 18,87 { BRLlRESMiiaRes ?GH@%SI@“QQ% %?assaitémecvna o

net hod of formng thin poI ymer layers by blending reactive p-xylylene
NONONMEr' s W biyanbsilade piddRsers i 0BT Iow Kifitkris) Mdtefals | Witﬁ 1003359 %arblaﬁ %ﬁteﬁf‘ @yat

| east .t wo pendent car bon-carbon doubl e bonds, such as
: welght and k less than 3. 6 are reported o . _
- An artlcle by M J. Loboda, et al entitled "Deposmon of Low-K Dlelectnc films
' usmg Tnmethylsﬂane |n Electrochemlcal Soc Proc., Vol 98-6 pages 1 45 to 152 |
- t_s - ;descnbes the use of tnmethyls:lane ina PECVD process to provrde ﬂms w1th a k ofé 6 R
__--t030 o R '
| Other patents descnbe the use of phenyl or vmyl contalnmg organosnlane |
L 'precursors in produclng dlelectrlc fi Ims For exampie u.S. 5 989, 998 dlscloses the
| - preparatlon of PECVD low k f lms from, for example (CGHS)XSIH.,,,( or (CHz—CH)xS|H4—x (x
- .' | 20 is1 2 or 3), and an omdlzmg gas WO 9938202 dlscloses dlelectnc films deposlted from .
R _'phenyl or methylsxlanes wnth hydrogen peroxnde as the oxtdant and the addltlon of - |
- oxygen to aid in the assocnahon between the snllcon compound and the oxidant.
| wo 9941423 and EP 0935283 A2 dlsclose sﬂoxanes such as _' .
| | -. H(CH3)ZS|OS|(CH3)2H (CH3)3S|OS|(CH3)3. and cychc (-OSIH(CHs)-)4as precursors for
25 PECVD produced OSG films.



t-et raall yl oxysr | ane. U.S. 6,171, 945 di scl oses a process in

whi ch.”8r ganosi | anes with "l abile" {igands, such as formyl or- gl yoxyI
groups, are reacted with a peroxi de conpound at the surface of the
substrate, and are subsequently renoved by annealing to provide a porous
ILD. .10 .U. S 6,054, 206 drscloses deposrtlon of a fil m-using an

organosi | ane and fol | by renmo of the organic conponent .= :
in. the filmwt hg%e%@ ? rlgges(sd'@,\{g,aéoebegn d3s pregursarsder ﬁ'gréclﬂcOSG
I-s. typically prepared: Zg CVvD usi ng organosr | ane precursors with nmeth '
phenyl C F Hinas EP @H15283 Adslisclosgpmeiiaxyand staexysianes; ﬁﬁcmé%(@ﬂs)im%ﬂﬂnr a

15 nunber of organosilane precursors with spa-hybridized CF bonds such as
(CF3) Si 1B,  anei(CHENCHASHREHokh bS50, 983 Ardesena orethad atformiogtoin@olymer
deposition of - (CF3%S|(CHB)3 foll owed by thermal treatment with 02 to - ,
gener at e an layess by blenging reactive prxylyleneadmonorperswith one & mere)conarkanere hating -
that the use of sp2-hybridized CF bonds, such as those 20- in (C6F5)SiH3

i s pref edablsiicdnexygen bendsand@t ipast wapangeat carbemgarbon|deatiiertupnds, suohatser
thermal stability of the resuttant ILD. fi I ms. JP10-088352 discloses the
possi bl e usdetrdaliylek@ilansi (OR2)4.,, (Rl is 'a fluorinated alkyl chain and
R2.is ‘an non-fluorinated al kyl chai n) as a precursor for a fluorine I
contai'ni ng sili cdhSogj17¢,95 disclosesSa pEo&&B;rQWBlcd|os95nmsme§mtmwleb||@nd§e of o
fluoroacetate 25 substitutéd silanes as - insulating-filmprecursars.

Hovever , _boslich Bs I6mgBEaTFonhgrolbsS are Fedbled Wiltba perxitis amsslricat tesurtace of - .
preparatlon of fluorosilicate glass:(FSG, not  F--OSG filnms. -5 '

| nadequaci etheesibstrate) and aresibsgquériyeyiedbeaneing tepebvidesa eroue amndi ng R

| LD ~films. One problemis that it~ can be difficutt to i-nclude all atoms: -or.-

functiomgliti es .qesi 6,084, ZOGldlsbbsésd?_i?dsmohmaﬁmsﬁi’g%r@ahosﬂéhé‘é%%n in the -
desired ratio to produce a SlaCc Sl aCbCHdFe fi'l in-which. the - Co

total atom gxiast fooWwas by l'étnoval@f)ﬁle i8.compénet ifthelTi lm5mth an @9 pfésm% to
1-35 % - d., 0-60 % and e = 0-25 % erogenous m xtures- of
: s generate a porous srllca materlal B : _' .
| . F-OSG is typrcally prepared by CVD usung organosrlane precursors wrth methyl or
ﬁ phenyl C—F bonds For example WO 9941 423 drscloses the use of PECVD for a g
- 15 number of organosrlane precursors with sp -hybndlzed C-F bonds such as (CF3)S|H3
JP11 -1 11712 descnbes the preparatron of fi lms from the deposrtron of
(CF3)S|(CH3)3, followed by thermal treatment wrth Oz to generate an lnsulatlng film wrth a |
?'_-kof25t026 L '_
| | U S. 6 020 458 teaches that the use of sp -hybndrzed C- F bonds such as those -
'. 20 in (CGF5)SIH3. is preferable due to the stronger C-F bond strength leadrng to greater : | :
R ’“’thermar stabilty of the resultant LD fims. T R N
JP1 0-088352 drscloses the possrble use of (R O),,Sr(ORz).;,., (R'is a ﬂuorrnated
_ alkyl chaln and R2 is an non-ﬂuonnated alkyl charn) asa precursor fora ﬂuonne
contarmng silicon oxide fi iim. us. 5,_948,928 discloses the possrble use of ﬂuoroacetate

25 substituted silanes as insulating film pr'ecursors. HoweVer, both JP 10—088352 and U.S.

5,948,928'" are directed to the preparation of ﬂuorosiliCate glass (FSG), not F-OSG films.
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precursors can be' used, but this is |less desirable to a single- sour ce
precursor for process reasons. The deposi t ed ILD filnms should-be.able to .
wi-t hst and tenperatures up to 450 C, since sonme Si-H Si-C, CH or GF .
bonds can be broken at 'high tenperatures. Release 10 of F ions or radicals
can etch 'the. filmor other conponents: The low K ILD. nust. al so have

raditional S o, MAGBRREIE SR §l¢rr%fr't%°rﬁé‘@ bleggRd Spd 8 epsbatronke
chen cal .~ et mnitifié’p% geni%'*@et??er%ﬂi%?@ cigHof glres o Pajanallosgsied

phot or esi st "{; ﬁ‘%re str c;g hi.ng and, ashi ng. St ud| es have

i ndicat ed t HREh@ ecHISdt 9%"6141““!‘? t%?ﬁ%esa ShﬁeC«HBIOB)

or tetraneth Irmt the dielectric constant to the range of '
2.6-2.9 vrrthg'n@mépﬁ'aée/fﬁ@r Wrgich mfa@iaﬁm"f Wreohafibgetdte #1007 apd ar 10-85%.(tLee
et aI 198"" Meeting of The El ectrochem cal Society, Cct. 2000, Section

H1) Abst5r act 1188 %E8 T, )35, dpt @80r%cand @FiG:25 %- Helaragengus mixtures ofid possess
- long 'shel f l i ves (greater than 1 year) are also desirable. Silane (SiH4)
i's a pyrophdPeursers canhg usedbut thigisieshgesirable tota singletspuedel precursordos |

hi ghl'y - fl-ammabl e gases.. Finally, the CVD organosilicon. precursors. need to
be readily " ﬂmﬁts@tﬂ‘-‘%s%d affordable. -6 Despite the foregor ng - R
devel opments,. there ‘have not been any. exanpl es in the - prior art.that:

successful | y. conBiendepositeciibb filmg sheuldémabﬁtoammstarddempeaétummpabmsesct hat B

are param)unt for integrating low k dielectric materials. in integrated

circui ts. . Tisincasethe Bieh,&3i4e,£-He paCrS bérds gande brekersatiiigh tsmperaﬁfes‘ lRéI&asTehaf ) -

solve the 5 probl ens associated with known precursors, such'as-those ..

descri btd albfFdons GRuEEaISOENVERH tﬁﬂﬁﬂﬁrbﬂh&Ebﬂ'rh@heﬁts s i nventi on r S: dr rect ed '
toamethodof maki-ng | LD fi.l ms -having a kof 3.50or - . - :
S The Iow k ILD must also have surtabte mechamcal strength When new low k

_ ﬂms are substrtuted for tradrtronal SrOz, subsequent rntegratron process steps are

_ |mpacted The deposrted fi lms need to stand up to subsequent processes mcludrng
' ;chemlcal mechanrcal plananzatron (CMP) cap and barrrer Iayers and photoresrst
| 15 'adhesmn stnpplng, etching and ashrng o | -
" Studres have rndrcated that current OSG candldates produced from

B tnmethylsrlane (3MS) or tetramethylsrlane (4MS) lrmrt the drelectnc constant to the range

of 2, 6—2 9 with moduluslhardness values in the range of 4-1 1/0 25-1 4 GPa (Lee et al.,

o 198“‘ Meetrng of The Electrochemlcal Socrety Oct. 2000, Sectlon H-1 Abstract No. 531 D) S

20 Precursors whrch are safe to handle and possess Iong shelf Irves (greater than 1 '

) "year) are also desrrable 'Silane (SrH4) isa pyrophonc gas, and methyl drmethyl or

: tnmethylsrtane are all hrghly flammable gases
o Frnally, the CVD organosrlrcon precursors need to be readrly available and

. affordable



| ess, preferably 3.or less, by chem cal vapor deposition (CVD), such as

pl asne” 10 enha_nced CVvD (PECVD) or thermal CVD; using specific’ '

arganosi licon precursors This -invention is also directed to the filns .. _
-produced therefrom and to nethods of using the  films. The low k ILD filns
can be deposited as either OSG (SialbCcHd) or- F-0OSG (Si aCbCcHdFe) fil ns
{wher ei n the ato

+b+c+die = 100% =10- % b = 5.1- 66 %
C0o1%8 o d - P eaﬁaegam trvgep%e"tsAﬁ"e& e pottinst oy spgirlern th, o7
H202 . nmay be used in. the CV react or be r |red i'n all cases _'
i nce. many . PURT ST 4R sUEEeSOIN CaTbiae e SRiEH Jaadeacs) and Harical AReRRsles Babus
ILD filnms may al so be _produced usi t hese s eC|f|c or anOS| I'i con. - _
precursors. a‘ﬁtﬂa@ﬁ'@é‘ﬂﬁoﬁ"ﬁ?%'é‘i’f&PWlkc‘gﬂeﬁtf'ﬁE!ﬂtgéﬁ'%'“df‘tes gdiCHG\tS: i on are
silyl ethers, silyl ether 20 oligoners, and. organosilicon conpounds
contai ni ng r eact ihe nged dpreforgemgins for BesUrsOreef IowikILDfims thasoberthéave a
structure as shown in structures I - VIl, below, where x is an integer of 1 .
to -3, y§s prablers aggegiated witthignawnt @rgeursoﬁ, sughassthose described-abore.0) XSi R | 4xi
(R30): S|HR1(3y) R\ /SR 2 R4/\SIR'2 1T 11T IV OR4A OR 3Si-OR4 R

0-SiRI3'RI2Si - : iR 2 RL-((R30)"Si-(R1))z-R OR4 OV VI _VII Rl can be one""

or more-of H - fluorine, a branched or straight chain.Cl to CGaIkyI aC3 -
to C8 substituted. or unsubstBRlEFeﬁlJMMARYaDEWHE INVENTIONC12 substi'tuted or: 5
unsubstituted aromatic, a partially or fully fluorinated Cl to C6 al kyI L
parti-ally or- ful This lm\teubom isaliredte@3o acmétaoatptmawhg;HLD fitms ba\pag alkadeSys or -
fultyfluorlnatedCGto Cl2 aromatic. . _
‘less, preferably dor Iess by chemlcal vapor deposutron (CVD) such as plasma
10 enhanced CVD (PECVD) or thermal CVD usnng specrﬁc organosmcon precursors Thls
- _ mventlon is also dlrected to the fi Ims produced therefrom and to methods of usmg the
_f’lms - | - | _ |
. Thelow K ILD films ¢ can be depos:ted as elther ose (SraOchHd) or F-OSG S
| o (StaOchHdF ) f'Ims (whereln the atomlc % of a+b+c+d+e = 100% and a= 10-35 %, b =
15 '1-66 %. c= 1-35% d 0-60 %, and e = 0-25 %). Anoxrdant such as NzO oz, Oy, or
| - H202 may be used in the cVvD reactor but may not be requnred in all cases smce many -
.of the precursors already mcorporate Si-0 bonds Novel porous l LD films may also be )
' produced usmg these specrf' c organosmcon precursors T ‘ ' |
The specrﬁc organosmcon precursors of thls mventron are s:lyl ethers srlyl ether |
20 '.ohgomers and organosahcon compounds contarnmg reactive groups. |

The silyl ethers of thls mventlon can have a structure as shown ln structures I .

o Vll,_below, where xis an mteger of 1 to3,yis 1or 2, and Zis an integer of 2 to 6.



Exanpl es of Rl-are unfluorinated, .partially fluorinated, or fully .

- fFuorihated met hyl ; “ethyl, propyl i sopropyl, cycIopentyt, cycl ohexyl,

oet hyl cycl ohexyl , .phenyl,, and- t ol yI . R2 can be one or nore of a C6 to Cl12

substituted or _u'nsubst'itut ed aromatic such 10 as phenyl; tolyl, '

pent anet hyi phenyl., .a fluorinated strai ght chain; branched. chain or.

eycl oal kyl up'to C8F15i such as trifl uoronethyl and pent af | uopoet hyl ,

partially or fully fluorinated aromati-c gro;gp 1as CGH3 or CGFS R3
br

éda 1C3to,

can be one or R'),i near
C8 - substi tut o)gsuns‘lffbstl fRut eds?;cléal kyl, s as rreth cy Ioh@xyl

phenyl ,

S or tert ‘butyl. 15 R4 can be one or noré of a Cl' o | i near

branched alkyl; C3 to €8 substituted or unsubstituted cycloal kyl, or CG to

Cl2 substituted dr unsubstitutedl aromatic andlffan be parti.ally or fully:

fluorinated. Exanples of R4 are unfluorinated,” partially fluorinated, or

ful'ly fluorinated nethylene, ethyl en Bhenyl ene. -8 'L Exanpl es. of '
ne

conpounds* havi ng structure VI are. d|

opogent a; SR bR h Ra %) éoﬁ'égg A G
st

structure 111, the R4 al koxy group

trisilane containi ng al koxy’-

entate with one Si-O 5 bond

and one Si-C bond per R4 group. In- uct ure 1V, -R4"is a bident: ate al koxy- =
structure W th two $;-Obonds per- R4 groy p In structures V@Rd the R4
al koxy: group forms. bridged - structures w h-two Sl-O bonds ITB.] or R

advantage in-usi-ng silyl ethers of thisi nvention; “havi’ ng Si-OC bonds
dope. organi c-or or ganofi uorine groups-into the LD film instead.

e et 0% el e ek %rfe;ai_:%

- silyl

L TR R o O e T T

and rret

i nvent 'ﬁn ﬂngubstﬁu%laro?natlcqg'pgﬁlall%l' #u?ly?l raha?ed 51 '?é‘be aﬁky"l1 ) p/ar? glR/ or ﬂﬁlyga-s: - -:j.

. ﬂuonnated C3 to Cs cycloalkyl ora partrally or fully fluormated CG to C12 aromatrc
- Examples of R1 are unﬂuonnated partially ﬂuorrnated or fully fluorrnated methyl ethyl
. _propyl lsopropyl cyclopentyl cyclohexyl methylcyclohexyl phenyl and tolyl

R2 can be one or more of a C6 to C12 substrtuted or unsubstrtuted aromatlc such

'. 10 as phenyl tolyl or pentamethylphenyl aﬂuonnated stralght cham branched cham or o

cycloalkyl up to CsF15, such as tnﬂuoromethyl and pentaﬂuoroethyl or partrally or fully
. ﬂuonnated aromatlc group, such as CsHst or Cst ' |
- ‘R¥can be one or more of R2 aClto6 linear or branched alkyI ora C3 toC8

. substltuted or unsubstrtuted cycloalkyl such as methyl cyclohexyl ‘phenyl, or tert-butyl

15 o _ R“ can be one or more of aCt to C6 lmear or branched alkyl 03 foC8

substltuted or unsubstrtuted cycloalkyl or C6 to C12 substltuted or unsubstltuted
: aromatrc and can be partrally or fully ﬂuorrnated Examples of R4 are unﬂuormated

- partially ﬂuormated or fully fluorinated methylene ethylene, and phenylene



dlnethyl , and tnnet hyl-silane are highty flanmabl e gases. 15 The:
organoslilcon precursors contalnlng reactive' groups have the general :
structure R 4.,SiRx in which. xis an integer of 1-'to 3, Rl'is as descri bed
above for- structures I-VIl, and R5 is a reactive group.. A reactive group .
is typically defined as chenical bond(s) bet ween two (or nDre) at ons- whi ch

can be broken usi mal a nt. o erqy, 1s,.s raln IS, not in
a t her modynani cal '?’%"Eﬂ‘ r?oé‘EP%HDHGWP%ts ﬂure%ba%@srfﬂge B$'@BE|?QP'?SWQ90

f orm new cheni cal bonds - or ¢ | i.n SLr UGt Ul th other chem cal -
speci es.’ Reeﬂl‘t‘?’ﬁ)'é‘gg?%ﬁgcrb%hgéé é)h&tﬁs@"%ﬁ(@é@)@ﬁéﬁ)% of the deposited film
whi ch enhances the thermal. st abij ity and mechanical strength of the I|LD
fil'm - Exanples Stgctyres L and H confain '@PB‘EH%“‘"F 1 @Ikee SreLPSo WD One S brnd paiich
as et hyI ene oxjde of 2- ethyloxirane to C8 carboxyl ates such as net hyl
“acet at e. or . QRyer QBegraup, "’CQ‘"#QSU@JHZ@GE Rikexy grueiFaadehidetate with enadi-Oand
phenyl etthyne, C4 to C8 dienes such as 1, 3- but adi ene, 1,4 octadiene or 1,3
cyél openbadibend andone SiGsbend parigreumgs systuralV, R's @M%&tﬁtgmy structure
2-cycl obutene, and G4 to C10 organlc groups, such as tert- butyl, ‘tert- -
but y| oxi de, with taoSi€hbends; periRigroum Intsbutisegs Vand Midhe ®* alaxgignoughferms
organosilicon precursor. Exanples of organOS|I|con conpounds contalnlng :
reacti ve. gr biggedisteuctunes mithtwb SiHO/bendst .yl ene, ' L

1- (trlnethylsllyl) 1, 3- but. adi-ene, tr|nethylslIyIcycIopentadlene .5

trimethyl silylacet m‘apr advahtage ma.rsingl:slylyejhefdmms ivgsiidra havinBSi-E-C bonds, to . |
DESCRI PTI ON: OF SEVERAL: VI'EW5s 'OF THE DRAW NGS Fi-g. 1 shows IR spectra for S

conpar at'i ve dopevrjaniclorangarofiuerine groups mtpthedLD,filn, instedd 3f sifdreshaengionly Siere. |

nornal.i-zed to filmthickness and baseline-offset for.clarity. - .10 DETAI'LED

DESCRI P{t) ONCRNdTSEH bbivi\Td Bk SITOLC bomiseart imureicanvtinientite brirthan SRS In
making 1 LD fil'ns-having a k of 3:5 or 1less, preferably 3.or less, by -

% Eem cal vapaditiepearting Matdri@dior sy emereaaecreédm/ avallgie and tnecxpatsnree @hd §ﬂy1 S-
e speC|f|c organoslljcon precursors of this invention are |Iyl- _
.' ethers are safer to handle than sﬂanes Most of the silyl ethers descnbed in this
' lnventlon are ﬂammable Ilqurds whlle sulane (S|H4) isa pyrophonc gas and methyl- |
' _ dlmethyl- and tnmethyl—sllane are hrghly ﬂammable gases - | |
, '_ _15 | - The organosrhcon precursors contalmng reactlve groups have the general
. - “structure R 4_,(S|R X' |n whlch X rs an mteger of 1 to 3 R1 is as descnbed above for
structures I-VII and R5 isa reactlve group A reactlve group IS typlcally det' ned as _' B |
| '_ chemlcal bond(s) between two (or more) atoms whlch can be broken using a mlnrmal |
e 'amount of energy, is stralned or is not ina thermodynamlcally preferred configuration, '
20 and has a propensrty to form new chemlcal bonds or crosslrnked structures wrth other
N chemlcal specres Reactrve- groups ‘can ard in the crosshnk:ng of the deposrted ﬂlm “
' whlch enhances the thermal stablhty and mechanlcal strength of the ILD fi Im Examples
 of reactive side groups include C2 to C1O epoxrdes such as ethylene oxrde or 2-
ethyloxxrane C2to C8 carboxylates such as methyl acetate or ethyl acetate, C2 to C8
25 alkyn_es such as propyne, ethyne, and phenytethyne, C4 to C8 dienes such as 1,3-

butadiene, 1,4 octadiene or 1,3 cyclopentadiene, C3 to C5 strained rings' such as

-9-



15 ethers, silyl ether oligoners, ‘and organosilicon conpounds contai ning.
reactive. groups - Table 1 and 2 present exanpl es of silyi ethers of .this
i-avention havi ng structures 1-VI 1, .including those in whi ch the sil yl .
ether may bé an ol i gorrer -10 TABLE 1 Organosilicon Precursor Exanpl es, of" '

Substituents Specific Exanpl es phenoxytrinmethylsilane x=1-3 .-

(125) S Cer oblaptieae S Bipobluata ing T 1q CF0 Biaeiidtouts. s .t%pmyrtqrrane
cyclic. os1 LV, cerips n@n%ﬂs&e@?ﬁ%@mq%ﬁ%ﬁ‘&%ﬁm ‘12

( CH3CH20) Si

1, 2-bis(tri r?&? %‘yr %Qﬁgﬂﬁ@m?% E%T‘P@ cgntaining reactive groups are -
CH3) 3S;i GZH - bi t t h | b ' '
ECHS% x(. IC6I—I4 &45&??_@5&9"‘3( 1=(tr€50% erﬁllyg)'e # oxy "Qegﬂﬁ;;lgﬂqyclopentadrene :

-bi s(trjnet Xy)cyclobut ene . :
. .( S %et?lyllsrly?a e)tate/ and dt-tert-butyoxydlacetoxysdane o

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS |
o Flg 1 shows IR spectra for comparatrve example 2 and mventlve exampIes 1 2, S,
. . and 3 Absorbencres were normaIrzed to f Im thlckness and baseIme offset for cIanty
B DETAILED DESCRIPTION OF THE INVENTION
Thrs mventlon rs drrected to a method of makrng ILD fIms havmg a k of 3. 5 or -
: Iess preferany 3 or Iess, by chemrcaI vapor deposrtlon (CVD) usmg specrf ic -
' '_--iorganosrlrcon precursors The speclﬁc organosrlrcon precursors of thIS rnventlon are eryI -
| ,'15" -_-":ethers eryI ether oIrgomers and organos:hcon compounds contamlng reactlve groups |
| TabIe 1 and 2 present examples of eryI ethers of thrs mventlon havmg structures

| I-VII mcIudrng those in whlch the snIyI ether may be an oIrgomer :" |

-10-.
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{ CXH' (OSlR'3)2 CxHy is unsaturated or OSi (CH3)3 saturated cyclic,
bfanchéd, or: |inear hydrocarbon groups Oi(CH3)3 x 2-70 ; y 4- 20 ..
............ .. (1, 2-phenyl enedi oxy) di met hyl silane cyclic x = 0-4.
(CHB)X(CGH4 XR) (SiR 2) ( OIS|(CHB)2 E -11 cyclic 1, 1-di n'ethyl-l : '
-sila-2, 6- (CI-lZ)X(CHZO) 2SI R12, x 0-6 di oxacyclohexane CO0 Si(CH)2 O
1., 6- bls(dlnethyIS|Ia) , 5,7, 10 cycllc LE 6 tetraoxacycl odecane -
(CHZ)x(CHZOZ)Z(SlR‘Z)Z OCHZCHZ- ; (HBCTQE §|(CHS)2 O CH2CH2 Ocycllc X

=1-6 1, 1-dige S prey£l OREXBRE ’?L C}\LS D\'_S”‘ HHR2G5)-25i
0 1,2 d.mqmﬁ'{'?%@ﬁvsas;narm sef%eééﬁ tt@T R x_Skecficdgmples
_ phenoxytrimethylsilane

H3.CO-Si SifF

(Rzo),sm - x=13 _ : : .
| : T -0—Si(CH
© . |R'=H,CH; CHs CsHs — SCHals

(CH3)s.yCeHy (y = 1-5), (tert-
Bu)CeHa, cyclic CeHin | 2-tert-butyiphenoxy-

Ré'; e H- .(Cl.-l )C .H o trimethylsilane
— e AIE ((HCKWC

| (OCH)CeHy, (CHa)sCs, (tert-~ | SR
Bu)CeHq, cyclic-CeHyy - S ._-O.-—Si(_CH3)3 i

a-
.

dimethylethoxysiiane

| (RPOMSHRYsy fx=12 0 | (CH:CH,0)SH(CHy) | -
o © |RP=CHy, CHs R~ - e
R . dimethoxymethylsilane . .
| ccHopsiHEHy - -
S R — | . |1.2bis(imethylsiioxy)ethane
| (CHROSR), x=16 " | (CHsSIOCH,CH,OSI(CHs);-
A ' S o L 14-bls(tnmethylsxloxy)benzene
(CHMCeHi)(OSR . [X=04 ~ = -
e (H3C)3s|o—©— s|(cn-i3)3 o
A o : . 12-bxs(tnmethyls|ony)cyclobutene
. (C<H,)(OSIR';), _. CH is unsaturated or - - - OSI(CH3)3 L
“ R | saturated cychc branched, or' | | |

| tinear hydrocarbon groups -

o L b . | OSI(CH3)3 S

(1 2-phenylened|oxy)d|methylsﬂane

cyclic ¢ Ix=04 . o X

' 1y : F'O- .
'(CHs)x(CsHqu)(S'R 2) S | /_O/Si(CHa)z

11



CH3 . CH3 =12 TABLE 2 . Organosilicon Precursor Exarrpl es of . Substltuents
SpeC|f|c Exanpl es R -and R2 are the sane as in pentafluorophenoxytrinethyl .
si.lane (R20)xSiR. "(x) Table'| F F - x= 1-3 F/ -\ OSI(CHB)S. R' =R, F,
CH3-rFr (Y = 1- 3) C2HS-rF1(Y = 1-5), .C6H~yFy F F (y = 1-5), (CH ., FY) C6HS
(y 1-3), cyclic C6H,, _YFy. (y =1- 11) 1,1,1- trlfluoroethoxy trirrethyIsHane
R2' = R2,. CH3rFy(Y-13) C2H5. yFy CF3CHZOS|(CH3)3 (y .1-5), 06H5 yFy -

= 1-5 - =8y ——CyTircdrmetiroxy t
%HllyFy)( 1714 (ce) 0430)¢s| ZENATIA 1, 2- b.s(t?uﬂem %W&x?}'?‘w
((Sl‘E)x(@)'z@);SleO 2 { &t @8l uoroet hane (CH3 3&@6&?«%&%(043)3

(CH2-yFy), |
1, 4-(trifldorosiloxy) (C6H4i Rex)(OSi R3)2 x = 0-4 tet aflugobenzene R6

F, CF3'F. F F3SIO.0CSiF3 1, 1-dinmethyl-1-sila-2, 6-
: _ : R S'(CHa)z :
J _
o . __ | 1,_6-bis(dimethylsila)-2,5,7,10-
eyeic x=06 - [|tetraoxacyclodecane
. (CHz)x(CHzoz)z(SlR 2)2 ' . B o C O—CHZCHz—O
. T, . (H3C)ZSI\ o s.(cn-la)2
o | | 0—-CH2CH2-0 .
cyclic = | . o x_'—' 1-6 e - 11-dlmethyl-1-snla-z-oxacyclohexane

CH{CHO)SIRY). - | - S
(CHMOHONSIRD -1 - (Hsc)zsi ) R
IR B T - N5~ SRR N

1.2-dimethoxytetramethyidisians

R T s
o | RS ) PP A A
CHy - cHy

~42-



(CH2. yFy) x(CH2_yFy0Q) 2Si R'2, x = 0-6 di oxahexaf | uorocycl ohexane y=0-2 F2G-O |
F 23S (CH3)2 . F2CGO 1,2- dlfluoro 1, 2-di-net hoxy. ‘R'- ((R30)2.y SlRy)X R

.. X =2-6 dinethyldisilane .y = 0-2 :OCH3 OCH3 R3 is the sane as in Table

| CH3 CH3 -13 Table 3 presents exarrpl es of organosilicon conpounds with
reactive side groups.. TABLE .3 Organosilicon Precursor Exanples of

Substituents Specnflc Exarrpl es 3-gl ym-plm,_y@Qopyl R 3Si (Re) CH(O CH2 . R
is the sane as |n Table 1.. trlmathyoxysHane R7 = R', OCHS; OCH2CH3 .R8 .

o (17§ e by ORI R s | é'ﬁee-’é@ TS |, C e

- 0- 4. tri mpthyl silylacetyl ene 2) X pentaﬂuorophenoxytnmethyl
_ o : _ o R re hesameasm_
| (RPONSRwny Table 1 | silane | | |
X= 1-3 _ . o _
1F O—Si(CH3); =
R"=RF, CHa.yFy(y 1-3) . .
| CaHs,Fy (y = 1-5), CeHsyFy : ~F F.

[ (= 1-5), (CHayFy)CeHs (y = 1-3)

cychc CSH,,yFy (v= 1-11) 1.1.1-tﬂfluqroeth9xy :

| trimethylsilane
=R?, CH;H,F,, (y= = 1-3), Csz CFacHZOSi(CHs)s- N
(y 1-5), CeHsFy y=1-5), ' . -

_ (CHayFy)CeHs (v = 1'3)’ cy chg N dlmethoxymethylﬂuorosﬂane'"
| CeHuayFy (y=1-11) | (CH3)(CH;0)SiF . _
S - oo x=16 . o o 1,2-bis(trimethylsiloxy)
(C.szFy)x(93i31_§)z'__ S y=02 ) | tetrafluoroethane = o
T e e _(CHs)aleCFzCFgosl(CHs)s"'_
. R B S . o . ) 1,4-(trifluorosiloxy) .. .
| CaRa0SR Y ces | ermuobee |
B o dRe=RCR ] R_F
| o o Fssioosm;
O F BT
T L 1,1-dimethyl-1-sila-2,6- -
. (CHz_,F.y.),‘(__C_.:Hg.ngQ)z:SfR’ % Ix=06 - o :-_ dioxahéxaﬂuofo&yclohexane |
- S y=02 FC—Q
e e i T Sl(CH3)2
Fac—0
S - . - : 12-d|ﬂuoro-1 2-d|methoxy
R-(R'0),,-SIR)AR" = ' |x=26. ~ | o " dlmethyldlsuane
- y=0-2 D | oCH;y OCH;
R%is the same as in Table 1 J |
. F—3Si Si—F
(|3H3 " CHy

 -13-



(H3C)3Si-C CGH x =0-4 trinethylsiloxyacetyl ene
(FM3C).351 O C G H CxH2x_3 is strairght chain diene,
4- 6 -but adi ene Me3Si .
1-(trimethylsiloxy)-1,3- R3Si O( CxH2x. 3) x
C H2x 5 is cyclic diene,

R 3Si (CHzx-3) x =

- 14 Mre:

=. 4-8 cycl openta g
R 3Si ( C6HS- O( R) X

Si (CH3) H H3
H( H3C) 2Si

(H3C)3S|-OCH3

YYy 1-3 - -
sz x-: 1- 3 TrlrrethyIsHyIacetate

trimethylsilyl

TABLE3

CxH2x. 3 i-s strai ght chain.
= .4-6 butadiene . ..
R 3Si (cyclic- CH2x-5)" x

e PR Bk
1, 2- (dlnethyIS|IyI)benzene
R73 |(.CO'2 R3)x 0

.. R3S Q[ CH2) xC=CR _
2-(trimethylsilyl)-1,3

di ene,
H3C)3%$10. 5.

Organosilicon Precursor Exafnples of Substituents . | ‘Specific Examples
o _ 3-glycidoxypropyl ‘
R 3$f(R )CH(O)CH? S R'is the same as in Table 1 T trimethyoxysiane o |
‘ T R R1 ‘OCH;, OCHzCHg R S
, = (CHz),, (CHZ),O(CHz)y, o | (HsCO)asi/t\_' I
- O(CHz)x- R /: ER R
L x=_0-4,y=0_-4 o 007 S
_ : . .- | x=0-4 L bis(trimethylsilyl)acétylene
RISICHAC=CSIRG | | tuorsi—c==c~sicHys-|-
7- - ] x= 04 trimethylsilylacétylehé _
R3Si(CHz)C=CR R (HiC1SI—C==C—H
S - x= 04 = triiriethylsiloxyacefylene -
RESIOCHAC=CRT = | 0 | opsio—c==sc—H
o L CiHzea is étraight _chain diene.. 2—(tnmethy|sﬂyl) -1 3- o
R3$i(QHa4). s x=46 o o butadlene R
o _ . Me3Si” -
- o - CxH2x3IS stranght chain dxene_ " -(tnmethylsﬂoxy)-1 3— _
R 3SI_O(Ctzx-3) _ X= 4-6 X | butadlene :
R (H30)3S|0 U
\ / :

-14- .




Di -tert -but oxydi acet oxXy

S|Iane (H3C)3CO O)LCH 3

i S\ (H3C)3oo

OrCI—B g O The organeosilicon precursors of this invention are eit her

conmer ci aI 1

y-avail.abl e or.

can be prepared by well

known rnet hods.

Exanpl es..of .comrercially avai | abl e precursors are phenoxyt rimethylsi I ane,

di met hoxynet hyI si | ane,
bi.s(trinet hyI SI I yI )acetyl ene,.

trlnethyIS|
general , -
|-Vl
cont-ai ni ng
Academni ¢ Pr
Cl -, an alKk
For .exanpl g
from CF3CH
Pat el et .
Sinilarly;
the.reacti d
being reno
69, pages. }
diols, suc
generate:l

:

bl o

are 4

1

3-gl yci doxypr opyl tri met hoxysi | ane, :
-15 (tr| met hyI sil oxy) 1, 3 butadn ene,

1 yl L,yt,l upcllt arch CTTey
t.ai ni ng
{}gﬂgggfcggﬁz he eX
the 5 deS|red R grd
ess Inc., 1960, p. 2§
oxi de, such as- "CH30-
, CF3CH208i( €H3) 3 ¢4
| ., L.nor i Che.m"_st’
7&'&%&3%50 nmpound

n of (CH3)2Si (0OCH3)2
ed as nethanol (R
$689-2692).. - Theé brid
as"i.n the reaction
4- ((GHB)SSl 0)2(06H4

%.‘L
D :

T e i T

e types

Tas those | | CHPIVERE.

otradde reaction of Si-X wi Imydﬁpéﬂtmém:} ROH -

up (Eaborn
Goup X'is.usually a lhalide sucl

8) .

; or anot her-
Ln_be_prepared in
%y 1-Booa,
(R%Qété@dﬁ

Wit h

(G OBl BRCH

d=1_gorrpl exes are-al so pre
~of: hydr oqui none W. t h

and HCl .

Organ05| licon npounds,

transfer grolifH:€kd

greater {han 90%yig=e =
onlyvl byunroduct (N R

vol . 33, 'pages 5165f95hW¥'PhquY’)s"ane |
&hah&ihg ?OLF@” be |-

i ol
CH3)3,H »Cherr

U
(Canq.d Jn

11,2 (dlmethylsllyl)benzene

R7s:SI(CORY, -

x=1-3

Trimethylsilylacetate .

| He)si—0” CHy

L Dl-tert-butoxydlacetoxy
L sxlane

o
(H3C)3CO oJ_'\c:H'3
N S/ -
.(Hsc)sco B

O—CHs.
T

" The organosilicon_'precursbrs of this invention are éith_er commercially available or o

can be prepared by well known methéds. -

- Examples of commercially available precursors are phenoxytrimethylsilane,

dimethoxymethylsilane, 3-glybidoxypropyltrimethoxysilane, bis(frirhethylsilyl)acetylene,_ 1-
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15 The use of eryI et hers of structure .types i-VIl nay. also be

ablvant z ageous when f or i ng porous filns because the organic portion* of the
Si-0-Rin the deposited film could be renoved after deposition by. various
thernal- or plasma nethods, resulting in a filmwth voids. Wthout :
i nt endi ng ‘to be bound by theory, it is believed that the use of bidentate

20 St ot AR RRA hBulatlerf®? iR ARG 0Bl ERE, Sr dERP 2823?220? th -
.?Léhf?fﬁéyrhﬁﬁgietg%lé’ﬁ@r'tfnﬁﬂép? has ol oer - Grel bctric conetant. The o
reacts on of Lhe B S8R EaRblnitar SelfhiGng SRcRERYs' S8 Ynddiin oL s O

T e larsaraepln B rdenge srcudhuf oty Shab B RO g e .
Zspect Bt 18 bo@ﬁ Bioup E2Rms Drgsnasican Ralrpounas, AcadeicdPiesp ina 1960y 5y -

is. that rrng sizes of 'less than 7 .contain ring strain which leads to ring

openr ng pd-¢R8k i Smuphis ‘-lSF-'FUé@ hﬁt“&ls'-!ﬁ?l W' é‘f‘ a'lrogrs’@r s@@h@%pﬁbgr @ganc@\er
transfer group, such as RNH. For example CF3CH203I(CH3)3 can be prepared m L o

' greater than 90% yleld from CFscHZOH and ((CH3)3$|)2NH W|th NH3 berng the only
_ .. byproduct (N R. Patel et al lnorganrc Chemrstry, 1994 vol. 33 pages 5465-5470)
i 10 Srmtlarly, the cycllc compound (CHz)(CHzO)zSI(CHa)z can be prepared from the reactlon '. -
- of (CH3)ZSI(0CH3)2 wrth 1 3-propanedrol with the byproduct berng removed as methanol .
'.(R H. Krreble et al., J Chem Soc 1947 vol. 69 pages 2689—2692) The brrdged
. complexes are also prepared from the drols such as in the reactron of hydroqurnone wuth-
. (CH3)33IC| to generate 14- ((CH3)3S|O)2(05H4) and HCL. B o
: 15 ' The use of srlyl ethers of structure types l-Vll may also be advantageous when’
S formrng porous films because the organrc portlon of the Sl-O—R in the deposrted film ]
could be removed after deposltlon by varrous thermal or plasma methods resultrng in a
A flmwrth voids. | " | _ | _
Wrthout mtendrng to be bound by theory, rt is belleved that the use of brdentate
- 20 : | -silyl ethers (structure lV)_ as precursors may lead to the productron of specres_. in th_e
| '}ea’eﬁhg' phase that facilitates aé':sas:ﬁah of sp"'e'cl'e"s:"that ditimately leads tothe
mcorporatron of pores in the deposrted f im, resultrng in lower dens:ty and thus a lower |
drelectnc constant. The reaction of the brdentate silyl ethers can occur through the -

formatlon of larger ring sizes, such as the drmer shown below
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CI»SIRZ R R The ring. opening nay facilitate crosslinking during the _
depositi-on process . and thus form films with-high nechanical” strength and
t.her mal stability .. Ring opening can be controlled .10. by the. energy of -
the RF pl asma or the reaction tenperature during filnidep03|t|on The use
of bridged silyl -ethers of structure types V and VI nay al so. be B
advant ageous when form ng porous filns because the orqagic portion of the
Si-OROS in the dep05|ted filmcould be renov r ‘deposi tion by '
various thermal- or plasnma ' nethods, resulti uw’a filﬁﬁm h voids. 15 The -
use of si-lyl et her oligoners of structure-t %; VI may bec%ENantageous'as.
Si-Si bonds in _¢he precursor have the =
potential to form high y reag ve speeies ch as silylene l'&a'silyl
radi cal s .duri ng deposi \i on highly rdactive species dan aid in
pol yneri-zati on and cros Iinﬁfng in the fip@bfiln1 17 The uge of o
organosil i con precursors coMtaining reactive roups such .6 epoxi des,
di enes, al kynes, and carboxyl at es, “nay aid W%C?he polynersg@tlon of the-
fil'mon the substrate. For exanple,. unsat FEd car. ~Carbon bonds wil |
crosslink,. and the epoxides can participate ingi-0 ond formatian. The
filmderived fromthese precursors 5 will be OSG mfth croSslinked or

| d thof the
PP € nIn ot ob e FRRER e BehhRphddiat NBIAD Ui ng
th | bed t h | d. .. - -
< or ot or Aot égfﬁlré‘ﬁﬁgﬁ ol orc o 'f’w%&"a %e Hbarbgi’%{ g%‘é?c{tsﬂ'iﬁ bott nggognat =
t h 10° [ t d '
L A S A
u i)
ratio of° Si &ﬁ%&lﬁg gﬁ’éﬁhaq co @"Irll’ﬁ%éﬁf' %\Jéalﬁiss_ﬁ@d'"gy?pet!‘ﬁﬂom nga
i;lr %Ionet herptﬁyr%grlilzra ion IWJStlrate% bé?evgIactlh?ghre?tterr?pe)r]atu?esl Heon, Qxygen _hyd_rogen A
| >SiR2 L — OSSi/ O\/\/O\s < O\ o R
o Ry Ry

ILD “fil m precursors be

The nng opening may facmtate crosshnking during the deposntion process and thus form
i lms wath high mechamcal strength and thermal stability Ring opemng can be controlled ;
R .10 . by the energy of the RF plasma or the reaction temperature during fi lm depos:tion |
o B The use of bndged s:lyl ethers of structure types \' and Vl may also be
advantageous when forming porous f‘ lms because the organic portion of the SI-IO-R-O-Sl_l
; m the depos:ted t' !m could be removed after deposntion by various thermal or plasma
j methods resulting ina f lm wuth vouds | | '
- 1'5 " - The use of silyl ether oligomers of structure type Vll may be advantageous as ILD
- film precursors because SI-SI bonds in the precursor have the potential to form highly |
reactive species such as snlylenes or sxlyl radicals during depos:tion. These highly

reactive species can aid in polymerization and crosslinking in the final film
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~and fl Juor i ne. In precur.sors ‘such as (C6H50) Si H3 and CFBCHZOS| (CHB)3 all of

thHe atdns 15 ‘necessary for an OSG or-an F-OSG fil mare .present in' one

mol ecul e. The. conposition of the filmi's also dictated by the deposi tion
rate of the organosHane ‘material. An inert carrier gas is optionally used
for introduction 'of the ‘organosi licon precursor. Exanples of a carrier

gas are helium anmggise lbf ¥idaRBsiicoR Pecutstts BbhtaRiR reactVe @%u%f&t%aych as

oxygen (02), ozone (03), nitrous oxide (N20), nitric oxi

D 995D, e B i ih oyt el RO gl SO o g,
g pentsiengor e%té'matr%@&ga@ter&r% WEER e, |,

fluorine:providing.gases nmay be use tive int

25 Egﬁémdef?éﬁ@%a"% S FReEI ko Tk ARG ﬁtr?ﬁw%&%ta%é‘s% :
oy gen pBou i BB 4 Se e arRuRe el BB isSly t“PHB geahe B e

pr ecur sor. 933 n--provi di ng gas -and the _fI uori ne- prow di.ng gas-are_ :
not necessarl ﬁ';‘gnwﬂééﬁﬁ?fferent ‘gases. .. For exanple, it is possible to.. -

.5 use.-.di net hoxy, | {1 ugrosila | £ L uoroet haxydi l.si|lane to
prow de silicon, lmgéﬁ é(ﬁpar Qpatﬁ"WPt{iéééﬁ@s“tﬁ' gi%g% HBrgtheo. use
'single gas to gct as a urs nd fovi di'ng gas. (e -

i ot hoxy Ry TR Breshbr 4AEBr pBe. b ERn RN Ghbednd st bon,
oxygen and sjljcon), and.to use a single.gas to act as a precursor and a.. -
~f1uori ne- pr JAHEiRF Qﬁ%""t"ba goiling P¢'HEQW?P%@§Q| Faﬁf@tmﬂﬁmﬁt‘lcmfgs&u@smmr bon, |
fluorine 10 and.:silicon). .Although the term"gaseous" is sonetines used . . -
herein 1&- d@mnxucemeomwgdns introducedis thevaparphase toaleehction ehambgrasa
reagent s .del i vered directl'y-as a-gas to the reactor, delivered as a .
vapor i zed | isystem similantp thatdypicaly |uae¢1fntﬁrdroduclagsetcaeﬂadonu;osdnate1é'Eosqw Sier
gas |ntothe reactor. - . _
_ : Re36 623) The ratlo of SIaOchHdF components in the ILD can be adjusted by o
- choosmg a snlyl ether precursor wnth a specnf‘ c ratlo of suhcon oxygen hydrogen carbon o
and ﬂuonne In precursors such as (C3H50)S|H3 and CF30H203|(CH3)3, all of the atoms
15 necessary for an OSG or an F-OSG film are present in one motecule The composmon
o of the fi lm is also dlctated by the deposmon rate of the organosdane matenal .
' An mert carner gas is optlonally used for lntroductlon of the organosullcon
precursor Examples of a carner gas are helrum argon krypton neon, and mtrogen
| _ a An oxldant such as oxygen (Oz) ozone (03) nitrous oxrde (N20), nltnc oxxde
- 20 .(NO) nltrogen dIOdee (NO,), dmttrogen tetroxnde (N204) and/or hydrogen peromde
| '(Hzoz) can optlonally be added but may not be necessary i the organos:hcon precursor o
contains oxygen and SrO bonds. | '
One or more fluorine-providing gases may be used as an additive in the reactlon

or in a post-treatment. Examples of ﬂuonne-provrdmg gases are CF,, C,Fg, C4Fs, and

25 GgFs.
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15 In certa| n enbodl ment s, mi xtures of different organosi i con precursors-
are uséd in conbination. It is.afso within- the scope of the invention to

use conbi nations of .different fluorine-providing gases and/or conbinations - '

of di fferent oxygen-providing agents along with or separate from
conbi nati ons of different organosilicon precursors. Mreover, it is also

wi thin the scopeyof Wi th?%&gﬁé; Kind R\gyﬁtﬁn‘%rés %ﬁ&%ﬁ&@&hé t¢ fifction -

precursor (to. 20 provide ne and/or car

non-fluori “Qégﬁ-f Qrmoﬁtﬁé’gre%%‘ol" Q&né&ﬁlaﬂepﬁg%&ﬁggé%@ ddition

to the organosilicon precurs en- prOV| |ng gas

?Eghbgiuﬂ'r# X éé’%if‘%#%%%r&?'ﬂ’%g"%na oréﬁb?ﬁr?‘%@d'**@@g%?r@“ﬂ%ﬁ%gé?f§h"“-1" [
organic. §L'g§ o s s SO kIS SRR ooy Fo BRalR S ot B O
o e A ot b ﬂhanalméfﬁx'sﬁr&@awaeammn

ferred, t f-th t .
Lo post ¢ reafomeovwb?r?e&r”ﬁwrﬁeaég afogmsshisdn uasas-r@ 388 ig ety abretier "
i ncl ude, .. at least .one of thernal tre tment | sma treat nent and
chent cal - & 1l ARENHHVHING 68 (5-Gm AR ELHSIARG FeRROmObURaeSachel

exarrpl e, t her rral st -treat ment- may row de | ower dielectric constants by o
renovi ng soMal ggfmes GREROLY pargenarsrsgjvor)s aa%r HRye siglegagiesacs as a precursor .
reagents. to I nduce the gases to.react and to formthe fil.mon the o
substrate. wrmeggrowé@s asé (990\?" uag@ylﬂyorog:lagte WblcasnfﬂV'd%P@IbGn flugrine -
ptasma,. heli con -pl asma, “high density plasnm, inductively. coupl ed pl asna, e
and reﬁﬁt e gndgiigeniet hods. A secondary.rf f reguency source can: be used t o
nodi fy the pllasna characteri-stics at the substrate:surface.-. The'flow
rate for each ofAlthesghdneiens “gaseguntis spmetimesiysgd hareinto dQSanithet reag@as, -
sccm, nore preferably from 200 to 2000 sccm' per single 200 nmm waf er. L
Li qui d ' .chdne term lsﬂntendechtp@nlcwnpas; ruealgets deln@red dloectlw ag/amamtoethe peastczrr ably: .
0.5to 3 g/mnute. The. . e
EE delivered as a vaponzed hquld a subhmed solld andlor transported by an inert camer
gas into the reactor - | ” - |
15 . -In certain embodiments mixtures of different organosilcon precursors areusedin - -
oombmatlon Itis also wuthln the scope of the |nvent|on to use combmatlons of drfferent
. ﬂuonne-provrdmg gases and/or combmatlons of dlfferent oxygen-provudmg agents along
wrth or separate from comblnatlons of dlfferent organosrhcon precursors Moreover itis
' also within the soope of the mventlon fousea fluorlnated organoslllcon precursor (to '
o 20 | provrde ﬂuonne andlor carbon) along with a non-ﬂuonnated organoszlrcon precursor (to
) "prov:de carbon). ' T |
ln addltron to the organosmcon precursors and optronally the oxygen-provndmg
gas and the ﬂuorme—provrdmg gas, addntronal materials can be charged into the vacuum
| chamber prior to, during and/or after the deposition reaction. Such materials include

25 reactive substances, such as gaseous or liquid organic substances, NHa, Hy, CO,, CO,
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I ndi vi, duaI rat es are sel ect ed so as to provr de the desired. anounts and
rdtios of silicon, carbon, ‘oxygen, 'hydrogen, etc. in the film_  The actual
f] ow rates needed may depend upon waf er size and chanber configuration,
and.are in.noway limted to 200 mt wafers or single’ ‘waf er chambers. It.
'S preferred t.o deposit the filmat a deposition. rate of at | east. 50

nm i n. Theopqrgaseérsohét Efﬁnmgfbflaﬂg‘éﬁﬁ@%taﬁéesétg DOH, c?zrlt,' &) el 20 y

0.01 to 760 torr, nore preferably 1 to 20 torn. mi s preterably

deposi ted tB%r?zénle'ﬁ étgﬁ’e '@UQ@% (a) t&%ﬂé‘ crons, although  the thickness.

can ‘be vari-éd ‘as ftedqu I Tm deposr ted on a non-patterned

surface has exce[d\l[ﬁ@jrﬁ;}’é‘érhgfe\rprb%( Isg‘r’gte is r¥f§ &trh% n%tgh é%[tﬁ&saré’&‘ wugh?r?

t han 2% over 1. e subs area

oo 1L W e el YO B BB B 25,
oL e 4 haghelel, BBt rttwtattrstrrrttdpsrsirtrarter@%ngeaffesrt g

t | and .extending th bi Lity. of _thj
Geror at | ondBBEHENS raeracre 0 i ogteroFor i) % tisBpgl past pblsterd may «

fitm for exa odyced ‘i Appl i ed I\/aterr aI s DxZ chanber - (200 mr) S
flows can r%tﬁg']éeﬁwg%%e%@e%%%ﬁﬁw @Y:'Ug sgne %‘or“a&?"a@as state), .. .
0- 6000 sccm-oxi di.zer, . 0-5000 seem inert gas.. Activation of 10 reaction in. - -
the chanber is. gER&BYIY IPRYPE 19 HNEPRFORE" §5t°f'}¢p‘i°€$'l‘¢ 93W2%%i‘{s or -l
t her mal - energy. The pressure during fil mdeposition is typically froml to.

20 torr. THermthefim en the Bpstiaiee FUkN SNEFAY. G0\ Prrvided QYL%-Ed plasEatpeised ed by

t he desited deposition rate “and will -al.so affect the conposition -of the -

final f101 mRRSBa, heliconrplasmashigh |dﬁQS'FYrﬂ‘%‘-fm%ty@4UQ§V@Y 6@@9’?@ Sma sadhremate a
di el ectric- constant of 3.5 or |ess 15 prefeérably 3 or less. The final - .

carbon conteiaRma mefhesist iA sreondenydt fseqmeewce 70 G359l to modity the plasma. |
charactenstrcs at the substrate surface | ' ' ' | o
- The flow rate for each of the gaseous reagents preferably ranges from 10 to 5000 R S :

BT "'._'lsccm more preferably from 200 to 2000 sccm per srngle 200 mm wafer Ltqund '
chemrcal ﬂows are in the range of 0. 1 to 10 glmnnute preferably 0 5 to 3 g/mlnute The B

: : md ividual rates are selected so as to provrde the desared amounts and ratlos of sllrcon |
:carbon oxygen hydrogen etc rn the fi Im The actual ﬂow rates needed may depend
o upon wafer size and chamber conf guratron and are in no way frmtted to 200 mm wafers

' or srngfe wafer chambers :

'. _ ' ' Itis preferred to deposnt the film at a deposmon rate of at Ieast 50 nmlmrn

 The pressure in the vacuum chamber during deposmon is preferably 0 olto760 "

15 | torr, more preferably1 to 20 torr
The film i is preferably deposrted toa thrckness of 0. 002 to 10 microns, although
the thlckness can be vaned as requrred The blanket film deposrted ona non-patterned
surface has excellent umformlty, with a variation in thickness of less than 2% over 1.

standard deviation across the substrate with a reasonable edge exclusion, wherein e.g.,_
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(atom_¢ 0/() for OSG and F-OSG and the final fluorine.content. should be 0.1
td 25% (atomic 9% in the F-OSG - These: fllms can cont-arn one or nore of the .
foIIovungtypes of bonds: Si-OC' Si-OSi, Si-C.Si-F- Si-H .CO CH and’
CF S |rrportant to note that an Si-F bond in the dep05|ted filmis not
necessarlly the 20 result of an Si-F bond in the organosilane precursor,

but -may i n f24h g cuRINTBSt ddgB®F tHsubsiraRas | hennerhdad ﬁlﬁemttbét caltBiabRem -

during the dep03|t|on Certain enbodi nents' of the filnms are nanoporous:
relative to gy Silica produced by. PECVD TEGCS has an inherent free o
vol ume pore 5| ze determined by .positron annihilation lifetinme spe_ct roscopy -

pore size of. the | nvent | s as erm ne

oner e SRR el o °es'§‘°f.ﬁenhf$ae;%?¢8a¥oglﬁfé?1/g 881 cer
I gy eI BB it B RS e

(PALS) analysis t?h@ﬁorﬁ?l\f;}dfftl@e ﬁlrrpégrl %eltgére%ggd g&h% bi‘?'&%fﬂ’a aneter. The |

| e neutron .-

achi eved byéﬁarhg{gg a porogen to the 5 gaseous reagent s .and/ or post - treatlng'
T .

t he deposit ial: Filns:of the invention have |rrproved properties

relatlveto oSG fil produced from er candld ials such as -
trimethylsilane dﬂ@r@? Eﬂtdﬁw%'i"??e‘?flﬁ)'?v H@ng’r exar,np ga?‘?ﬁ!'érﬂ'i’cﬁﬁﬂl'ﬁﬁt s, the-

filmhas a-dielectric constant in the ranefrom25t035 W th aYoungs'-'V'

modul us gr edMaterials BxZ ghamber{(200 mmbﬂﬁuﬁsanaemeafmraﬁohmrsesm Qfipsegussort han

10:0.5 ‘GPa: - Films of the invention are thermally stable, wth good chenical

resi st ance. (vamrprgassstateét 69008 5pem foxidizer\Q:p0QR com inggtgas. HAwvatidnofs are

particularly suitable for deposi tion on a $eni conductor substrate, and are
par ti-cut@r | yeaation imthe chemberis ggnerally provided by REmmeerWPilcaljbe‘lQO-zﬁOQ watta oay er

dielectric layer, an'internmetal dielectric | ayer;, a capping.15 | ayer, .a - -
cheni cal - nedltermal:enerpy ahbe pressuredugiag/Am depasition. is fupigally frper 1 fo 20 koar. i The
| ayer (e g., against diffusion of netals,. water or other materials that . -
can be undeﬂowaaﬂee of malemalsl a{td ptgver levels used are dictated by the desrred deposmon rate B
R and wrll also affect the composltlon of the fi nal f Im materral _ '
| _ The resultmg lnterlayer drelectnc f' lm can have a drelectrlc constant of .3 5 or Iess:
o _. | 15 preferably 3or less The final carbon content in the fi lm should be between Oto 35% '
o -(atomrc %) for OSG and F-OSG and the t" nal ﬂuorrne content should be 0 1 to 25% |
(atomrc %) in the F-OSG These fi lms can contam one or more of the following types of
S bonds: Sr-O—C SI-O-SI S:-C Si-F, SI-H C O C-H and C-F | ' '
It |s rmportant to note that an Sr-F bond in the deposuted fi Im is not necessanly the :
| : 20 : jresult of an Si-F bond in the organosrlane precursor but may in fact be formed from the'
o reactlon of a C—F bond in the plasma dunng the deposrtlon | |
Certarn embodlments ‘of the films are nanoporous relative to silica. Silit:a
.produced by PECVD TEOS has an rnherent free volume pore size determrned by

posrtron anmhnlatron lrfetlme spectroscopy (PALS) analysrs to be about 0.6 nm in

25 equivalent spherical diameter. The pore size of the inventive films as determmed by

-21-



Iayers) and/or an adhe5|on Iayer in an integrated circuit. The films can
forma conformal coating. The nmechani cal properties. exhi bi ted by t hese
films make themparticularly suitable for use in Al subtractive technol ogy
and Cu damascene technol ogy. 20 The filnms are conpatible with chem ca
mechani cal pl anarization and ani sotropic¢ etching, and are capabl e of

adhering t 6 gnalParighd Hetforl RaREAMR] GANS) DR PALSSS breférablyS A or IisINEquivsiEht

FSG silicon carbide, antireflective coatings, photoresists, organic

pol ymer s, RBhEHG erawéte.cneaél pheféranig 2. enmarrégsah aqu.vateﬁl SoHRHER SmE@RPe!

and -al um num met al barr| er layers.. hough the i1 nvention 1s.

particul arly sui tﬁlﬁ-lsgofftﬂé iReAd rberatlly e"%l‘&‘erl%rl %T'th? coor leé%‘%r 5@3@9&@8}1

are largely descr her el n as e |nven ion~s not

o bel g depoﬁce%“t;és% S W R B A BGeR b Mt e L) S2P' e
© *and oth | h da

i kbR Seatliohiet E@fg;tre{aﬁntaodetﬁgre%s@étgpéw a“i.msg. t.s' s

rventon i | e e G AR Bl
Preci si on- 5%gtbgtaﬂ’3“at SRR kD RSl ?’l@?‘%&‘éﬁt‘h%%&t&x?%?es
E 2000 TEQS -
hebven t nestel BheRly ke R Eﬁ'éﬁéls SRR e GRS s koSO o
2 purgel aS&fé&%&rpﬁﬁ%‘&é irapF8Pa 28k e B bReRaion Bisbest oReRy han
. chanber clean was perfdr‘rred after each deposition using an in-situ C2F6 +
02 cleal 15 ﬁcﬁ;f’%\/\ed by a.chanber seasoning step. D el ectrl Cc constants were

det er m nied” usi ng_Hg praobe techni que. on IowreS|st|V|ty p- type vvafers (<77

0.02 ohm-.c h) Tr Ell@ﬁpgmedﬂquﬁ‘f’ﬂ af%ﬁeﬁm%lmﬁt@%dﬂ? %‘@m'%ﬁ'

_ The films are surtable for a vanety of uses. The fllms are partlcularly surtable for
R deposrtlon on a semlconductor substrate and are partlcularly suitable for use as, e g an. _
| lnsulatlon Iayer an mterlayer drelectnc Iayer an mtermetal dlelectnc Iayer a cappmg
15 . .layer a chemlcal-mechamcal plananzatlon (CMP) or etch stop layer a bamer layer (e.g.,
o agamst dlffusron of metals, water or other matenals that can be undesrrable in msulatmg
'layers) and/or an adhesnon layer in an lntegrated c:rcuut The fi lms can form a conformal
| coatmg The mechamcal properttes exhlblted by these f lms make them partlcularly
suntable for use |n Al subtractive technology and Cu damascene technology
. ._ _ 20' o The fi lms are compatrble with chemlcal mechanical plananzatron and amsotroprc
o etChlng, and are capable of adhering to.a-vanety of matenals, such as silicon, Si0,,
SisNs, OSG FSG, silicon carbide, ' antireﬂebtive coatings, photoresists organic oolym'ers :
porous organic and lnorgamc matenals metals stich as copper and aluminum, and metal
barner layers. _ | '.
25 Although the invention is particularly suitable for provioing films and products of

the invention are largely described herein as films, the invention is not limited thereto.
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h| gh resrstrvrty wafers and al| data were nornalized based on film

t hi ckness. ~ Thi ckness and refractive index were neasured on reflectomneter
ysi'ng a 5 point average. Adhesion was neasured by a. tape pull test.

Mechar i cal propertres (e.g. Young's nodulus and nanoi ndentation hardness)
were deternined usi ng MIS Nano |ndenter standafdized with the :

manuf.act ur e prodsiP eBthe ieatiordgdribe pRVRIea émylﬁjﬁ'ntdaﬁéblb&sf belﬁogﬁdép%bi?é‘d N’

spectroscopy (XPS) after a 30 second Ar sputter e.at om c% val ues

reported i nchirg subaakeéaﬁ@gl HRidRAACRRBmbAdd eademélqy&srafr&gbdefm%r@ar&md .

Backscat t ering- Hydr ogen rward Scattering: ('RB HFS)." . The inventive :
I h f
SR o M eCediRhO iy i shad AuRigasds oo feﬁﬁél;’%aahyv“%r’gﬁfﬁ%%‘” ’

'Oorrpar ative les | and 2 were pr- oduced i.n accordance with the teachi ngs :
us 6 155871, U'S 6,054,379, and WD 99/41123, and are tabul ated in.

TabI e 5 g bel ow %Eﬁlﬂl tror?' mw&%lﬁffgg %y o?tgﬂ ti'oﬂ ﬁpel%llcﬁ%['@ Sgamples,-

dlnethyldlnethoxy5|lane Str

Precur sor s, Bﬁtﬁlétn#@%ﬁ'tétﬁtrﬁlé'iﬁfsﬁv@%ll*?u% 3**F§ﬂenl§tfée41éat afor
di. et hoxyrret hyl'sil ane (DEMS) naterial Exanple No. 1°2 3. RF power 100 300

500 ' chanber pressure (torr) 6. O 6 O %%&M%é trate tenperature (-*C) -390
390 .390 ‘Materials flows 'DEMS ( 000 .1500 He carrier. sccm 500

150 150. Qa: scc nkﬁ gxpenmen%el(esﬁésrfprmgd %nzaﬁ dﬁﬁe& Iﬁﬁ]a‘?ér?als Brgcrs?&r?-sgéld) sys?em ] '

' - 10 |n a 200 mm DxZ chamber fi tted wrth an Advance Energy 2000 rf generator usmg an-

- g undoped TEOS process krt The recrpe involved the followrng basrc steps initial set-up ,
- '.. and stabrlrzatron of gas flows applyrng RF energy to generate a plasma and cause . |
: deposrtron and purgelevacuatlon of chamber prior to wafer removal Subsequently,
: chamber clean was performed after each deposrtlon usrng an rn srtu CzFe + Oz clean
15 ._.followed by a chamber seasomng step . o - |
T Drelectnc constants were determrned usmg Hg probe techmque on Iow resrstrvrty L ;.-
S p-type wafers (< 0.02 ohm-cm) Transmrssron infrared spectroscopy was performed on
) | : hrgh resrstrvrty wafers and all data were normaltzed based on film thrckness Thrckness
:~ and refractrve mdex were measured on reﬂectcmeter usmg a 5 pornt average Adhesron. .
" was measured by a tape pull test Mechar’ucal propertles (e. g Young S modulus and -
} nanomdentatron hardness) were deterrmned usrng MTS Nano Indenter standardrzed with -
: ..“"the manufacturer Composrtronal data were obtamed by X-ray’ photoelectron '
: spectroscopy (XPS) after a 30 second Ar sputter “The atomic% values reported in the
tables mclude hydrogen ratros as determrned by Rutherford Backscatterrng-Hydrogen
Forward Scattenng (RBS-HFS). - |
The inventive examples shown below in Table 4 are based on an organosrlrcon

precursor of structure I, (R3O)yS|HR‘(3.y,, specrt‘ ically dlethoxymethylsrlane
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refractlve |ndex 1.405 1. 451 1. 47 dlelectrlc constant k 2.99 2.90 3.06
dhesi on (qualitative)' 100% 100% 100%- oun 's nodulus (GPa) 18.5 16.5 17.3

nanoi-ndent at i on har dness. (GPa) 3.0 2.8 2.9 Conposition (XPS) % C 14. 4.
175173%S| 35.5 34.8 35.3 9% 50.1 47.7 47.4 . %\IOOORBS—HFSdata_

ratio Si:H'0.73 0.69. 0.69 ratio H C3 3.2 3.2 10 -24 Table 5
Conpar ative Data for trimethylsilane (3M8) material Conparative Exanple

No. 1 RF pover. 6@dmpzpaiVRcExapiiesyaRd Rivare prouded w&sdowérraetvﬂmnﬁé ?édéﬁiﬁgé Qo)
325 Materials Flows 3MS (sccrr) ‘540 G sccm 90 thickness (nm
refractive pngex el1sbiérd, @J s @Q§4 Bzg AN @ Y9/4 1232 2 ar@tébaratémnh%?és
young' s nodul us (GPa) -

below Comparatlve examples are also shown in Table 6 for dlmethyldrmethoxysrlane

(DM—DMOS) a materral srmrlar to structure i precursors however lackmg vanous

'. 5 aspects of the structure ll precursors such as for example an Si-H functronahty

- . Table 4 _ _ .
Data for dlethoxymethylsllane (DEMS) matenal '

'-'-fExampleNo - . 1 ' 2 : 3

" |RF power (W) . 100 300 500
chamber pressure (forr) . - 6.0 6.0 6.0
~ |substrate temperature (°C) 390 390 390
" IMaterials flows _ DEMS (mg/min)] 1500 1000 1500
' He carrier (sccm) 500 - 180 150
Q. (sccm) 50 0 0
CQ, (sccm) 0 0 250
" - [thickness (nm) L 515 640 565
- refractive index _ 1405 | 1451 | 147
dielectric constant (k) ' - 2.99 2.90 3.06
. |Adhesion (qualitative) - " 100% 100% 100%
. [Young's modulus (GPa) g 18.5 16.5 17.3
- |nanocindentation hardness (GPa) 3.0 2.8 2.9 -
‘IComposition (XPS) . % C 14.4 17.5 -17.3
' ' %Si 35.5 - 34.8 '35.3
% O] 50.1 47.7 47.4 -
o T %N 0 -0 1 0 -
- |RBS-HFS data __ " . ratio Si:H 0.73 0.69 0.69
e . T ratoH:Cl 3 - 32 | 32 -
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nanoi ndentation hardness (GPa) 1.44 El errent al XPS * % 23-26 %S 35 %

39241 %N Q RBS HFS data* ratio-Si :H 0.63-0.85 ratio HC 1.6-2.45 -
*aver aged val ues from sanpl es produced at identi.cal process conditions

-Tabl.e 6. Conparative Data for Dinethyldi nethoxysilane (DM DMOS) . .10

Conpar ative Exanple No. ~ 2 3 4 RF power (W 600 450 .450 chanber pressure - -

(torr) 8,0 8.0-12.0 substrate temerature C 325 325 325 Material Flows

DM DMOS (mg/ mi n)© 1500 1500 1500. He carrrpg éﬁcm-SOO 500 500 02 sccm O 50
50 N20 sccm 50 0. O t hi ckness (nm) 1005 26 707 refractive index 1.447

1.432 1.409 dielectric comnasalivelDaa far tamethyisilase (WdBlwatanial qual i tative) .

100% 100% 100% . Young's nmodulus (GPa) 13.6 10.6 6.68 nanoi ndentation .
har dness -GPa 2.3 1.86 1.] ompratiecExdnipde Noesentjed imn Tabl es 4, 5, and 6

“show t hat. di et hoxynet hyl{RF sewer(W) 600
L chamberpressure(torr)- | 4.0
|substrate temperature (°C) 325

. [Materials Flows  3MS (sccm)] 540
' O (sccm)l . 90

thickness (nm) : 676

. [refractive index - 1.445
- dielectric constant (k) - 2.85
" .- ladhesion : 100%
. [Young's modulus (GPa) . -1 876
B nanomdentatlon hardness (GPa)] 1.44
_ Elemental (XPS)* % C 23-26
% Sit - 35
% O] -39-41
AR : % N 0
. '-'.'._ 'IRBS-HFS data* = ratio Si:H| 0.63-0.85
Lo ratio H:C| 1.6-24 |- B
. 5 SR S averaged values from samples produced at ldentlcal process condltlons
.- : o Tables .
T Comparatlve Data for Dlmethyldlmethoxysﬂane (DM-DMOS)
: .. [Comparative Example No. S 2 3 4
o RF power (W) . 600 450 - 450 -
- - |chamber pressure (torr) ' a 8.0 - 8.0 12.0
-+ . |substrate temperature (°C) - : 325 | 325 | 325
. |Material Flows DM-DMOS (rgg/mln) 1500 1500 1500
- ' He camer (sccm)) 500 | 500 500
-0, (sccm) 0 - 50 50
N2O (sccm) 50 K 0
... [thickness (nm) 1005 1126 | 707
- [refractive index ' | 1.447 1.432 1.409
. |dielectric constant (k) 3.11 3.07 2.88
- ladhesion (qualitative) ' 100% 100% 100%
Young's modulus (GPa) - 13.6 10.6 6.68

nanoindentation hardness (GPa) 2.3 1.86 1.2
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organosllrcon precursor of structure 1) - unexpectedly showed .superi or :
nechanlcal 5 properties as indicated by Young's nodul us and nanoi ndentation - -
har dness, conpared to the precursors (trinmethylsilane and : :
di-met hyl di met hoxysilane) in the conparative exanples. For exanple,
conparing inventive exanple #2 (k of 2.90) to conparative - .exanples #1
(-k=2.85) and #4 (k=2.88), inventive exanple #2 has a Young' s nodul us of

16..5 and a nanoi ndentati on hardness of 2.8 conpared to a Young's nodul us of -

8.76 and 10, hardness of 1.44 for conparative exanple #1 and. a Young s =
modul.us of 6.68 and hardness of 1.2 for conparative exanple.#4. '

TR eI ST 't’t“;”%ﬂlv'st'ﬁt%@ggifﬁy
comart g 1 AERER A %%8565%‘5@?'5%“*’% e
AR Crbmheh st e %:‘;f"e;i“ﬁ"l":f“;; o
(o'l néegme o Kiisol @mﬁr‘a’?% SRR bRR i S St %0

nechani.cal . Et‘?fﬁeleﬁ EQ' E’éﬁwﬁ%e ep%[r ﬁgy"ﬁ‘?‘géﬂéﬁtég%&t{ qu% @EFOZ‘FPIL"?F;E’Z@'W

le #2.with conparative ==

di el ectri'c-const ant val u Conpar i i,nventive exa
et o 41, SRAMPIES 81 J6r Shand 1A B=P A0 NP ve: ST IS oY bl mosdanobnt
and- hi.gher 0 cont'ent. The increased 0 _content in inventive exanple #2

likely attri®gand a eanqindestatiqaihgeiness of 28:omparest o Y@H"Qaﬁmodtih@@f Bd9 apd

responsr ble for the |2£roved mechani cal propertles “Conpari'son of the__

H: C ratls- h@fﬂ"ﬁ?ﬁ/@fnt for epmpgrative sxampledridA | vlénga&meﬂubns Qﬁﬁ G8andcat es
that there is a substantial increase in the amount' of "Hrelative to Cin :
i nventi ve:  hardnpseofih2 forcamperaliye exampleid: dtiisqiptawarthy:that fonmxentive examgplel -

for inventive exanples #1-3 5.and conparative exanple.#1.- Data coll ected
fromt hese @g@ﬁ wag,ng og,tﬁlgmhtypa gageﬁ |gcqrporated in the recipe, such that alIO in the ﬁnal

o f Im necessanly came from the alkoxy functlonalrty of the organosrlane precursor Also
' _-' comparmg mventlve examples #1 -3 to comparatrve examples #2, 3 and 4 the mventwe_- -
| 15" B examples unexpectedly showed far supenor mechamcal propertles to the comparatrve
| . '_ examples produced from drmethyldrmethoxysﬂane '
. ln companng each of the best cases with respect to k e. g mventlve example #2..
_ L -oompared to comparatlve examples #1 and #4, tnventlve example #2 unexpectedly
. | showed that far supenor mechamcal propertles can be obtalned at essentlally equrvalent B
s 20 - dlelectnc constant values - | |
- Companng rnventrve example #2 wnth comparatlve example #1, lt is shown that
the rnventlve material has a lower C content and hlgher O content The mcreased 0
" contentin mventlve example #2 llkely attributes to better network structure formatron and -

thus may be responsible for the improved mechamcal properties.
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The data indicates that residual Si-H (-2200 cm 1) .and O-H functionality
(at -3700 cm 1) in the invention: exanpl es. was ‘equal to or less than
resi-dual - Si - H or O-Hfunctionality in the conparative exanpl e. W t-hout

i ntendi ng to be bound by theory, we infer that for the inventive exanples,
10 the carbon nust be essentially all in the formof methyl functionalities

(4.e.;, -CH3) to %H'Eo nfdthd T Bitlef'fd?‘ iffvenBie BxampM€ #@'t&%ohiﬁa%_tgb@émgteas ed

on the Si: C ratlo approxi mately every other Si has a

o For L he s GRRRSRL IR AT Sibddi) ncrslSEth Bl ARRSCIRN e

vari ous anmounts o Ire range. O ation Stltu ed C,

i ncl udi ng d Si-C (| norgani ¢ carbon, not haV| ng any 15. .
directly connecﬁ;geﬁ%?%?s m ght - account for the H:Cratio being far less

Form of - i, 2 rahdoh Bled st BAF sl aflar T AR il ool ety

| b L o
fi .X?%F’L i Enaee)vc%bi‘éi‘atﬁé’ Ba B S SR e ol RS e SO i fe e
#3" at #1 €x ) 38 ND D
29716‘05851&‘966@%@‘*9{9%&953“61% 5 sh é@é@cn:f S EKEP SRt 8 Bobe
0.0033 0.0007 1278 0.065 0.080 0.087 0 043 1033 Obébﬁ 0,391 0.358 0.437
Band (cm 1) '"/t Bé’l’\‘f?" ?%8?"3@9%‘”2?@9”@!18 °!['ef§ 'E)a’h'?slﬁ’ué 4’70 H ”“Ct'°”a"t¥ n

the comparatlve example

thhout lntendlng to be bound by theory, we |nfer that for the lnventlve examples
- ._10' -_ the carbon must be essentlally all in the form of methyl functlonalltles (| e’ —CH3) to
R '- account for the hlgh H:C ratto We also mfer that based on the Si: C ratio (~2)
: approxnmately every other Sihas a —CH3 bound to it.. For the comparatwe examples thls

| need not be so, as there can be vanous amounts of the entlre range of populattons of H

- :substttuted C, tncludmg CH3, CHz, CH and SI-C (morgamc carbon, not havmg any RN e

) - 15 dlrecﬂy connected H) Th:s mnght account for the H:C ratlo belng far less than the - |

: optlmum H: C ratto of 3 for the c to be essentrally all i |n the form of —CH3 o
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2370-2073 SIH 0.55 ND 0.55.0.29 " 1325- 1240 1. 40 1.19°0.97 0. 44- oo '
(~Si CH3) - 1240_.944 SiOSi 40.21 . 44.88 48.86 56.50 ND.= not- .det'ectabl e 5

- PROSPECTI VE EXAMPLES - Exanpl e 7 A prospective. exanple of .t he i nvention
based on using di met hoxynet hyI silane (DNIOVS5) as the or ganosi | ane
precursor is shown.in Table' 8 below for- a 200 mm silicon 10 water
substrate. Tabl e 8 Chanber Pressure (tolr%b} ? 0 " Substrate tenperature (OC)
400 ' ... 300. .. .. . R =ower (W DMOMS (g/min) 1:0 CO2 = -
carri er (sccrr) 200 Qgﬁqﬂt&h@ ;Rxmfeunambddor/lavwwmexaﬂw&si 1'3 ersug gg@paratiye 7

to 3.0, vmthaYoun s.  nmodul us t tion =
har dness of .about - ZgGPa eﬁa"ﬂpl? e&%@gbeg§§ﬁpﬂo %taﬁg@i?ﬁ\%ﬂﬁé% based on

usi ng- phenoxydi MeRIFITHATE  |(CoMpaatee |t Nven@nodi | dmentivec ur sdventiveshown
in Table 9 bel ow %;sﬁi B M skampleE1. | Bxamplentts Ubexampie #2 ab lewarsp er.
Pressure (tor__.;) 60 3738 “ND ND —ND- ND
ERE 2671 0.021 0.019 0.014 0.011

- 2235 0.0049 ND 0.0065 |  0.053

. 2158 0.0045 ND 0.0033 |- 0.007

L 1278 0.065 0.080 0.057 0,043

o 1033 0.272 - 0.391 0.358 0.437

L Band (cm-1)/ | L AT ST

. .7 | BandAreas Co - o .

3039-2760 (CHz) | 1.18 042 _ 060 | 047

R 2370-2073 (SiH) 0.55 ND ~0.55. 029

P 13251240 | 140 119 | 097 | 044

L [1240-944 (SiOSi) 4021 | . 44.88 4886 | 5650

' "* ~ND =not detectable ' . - . Lo L
R | PROSPECTIVE EXAMPLES
Example?

- o A prospectlve example of the mventlon based on usmg dlmethoxymethylsﬂane

: (DMOMS) as the organosrlane precursor is shown in Table 8 below for a 200 mm smcon

. -"'10 wafersubstrate

N Table8

Chamber Pressure (torr) 6.0
Substrate temperature (°C) 400
. | RF power (Watts) 4 .. 300
- DMOMS jlmln) 1.0
CO, carrier (sccm) 200
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Substrate terrperature (OC) 400 RF power V\atts 300 PCDIVB /mn 1.0 Cco
carver (sccm 200 .The expected k value will. be in the range of. 2.7 to 3:0,
with' a Yourig's rnodul us of . 10 : about 15 GPa.and a nanoi ndent ation
hardness of. about- 2. GPa. A prospectrve exanpl e of. the invention based on-
usi ng. di-tert-but oxyrret hyi siiane (DTBMS) as t he -or ganosi | ane precursor .i s

Sore 10 T e a Rl BB BBy Pl 5800 of 471555 Wl 20?@951 Ppgus g ;
T X '
oSt ety g P BB A e treafarw BeReSEL! i 3EAY 2 moaul us. o pe‘“e_ --

o e AR HATEAT P OGES Senf hoian

di et hyI dio C ohexane DOS t he, n n r ur sor is -
Choen T BPDME) A3he HEBRSiahS hrrarmadt/s St B S hple o B 208 st .
Chanber Pressure (torr) 8.0 Substrate teénperature (OC) 350 RF pover
_(V\atts) 80 owafersu strate e : I N

Tableg -

Chamber Pressure (torr) - 6.0 .

~ . | Substrate temperature (°C) | - 400
|RF power (Watts) - 300

' PODMS (g/min) 1.0

- CO, carrier (sccm) 200

The expected k value w:ll be in the range of 2 7 to 3.0, wrth a Young s modulus of -~ ..

E 10 about 15 GPa and a nanomdentatron hardness of about 2 GPa

A prospectrve example of the mventlon based on usmg dl-tert-butoxymethylsﬂane

(DTBMS) as the organosrlane precursor is shown in Table 10 below fora. 200 mm snlxcon

wafer substrate
" Table 10
Chamber Pressure (torr) 6.0
Substrate temperature (°C) 400
| RF power(Watts) - . -. . .- - 300
' DTBMS (g/m n) 1.0
CO, carrier {sccm) 200
' The expected k value will be in the range of 2.7 to 3.0, with a Young's modulus 6f
about 15 GPa and a nanoindentation hardness of about 2 GPa. |
20
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DMDOSI—L/mn 1.0 He carrrer (sccn) 200 The expected k' val ue wrll be in
t he range of ‘2:7:to 3.0,-with a Young's nodulus.- of .-about 15 GPa and a
nanoi ndent ati on hardness. of about 2 GPa. Wile the invention has been
described in detail and with. ref erence to specific 10 exanples thereof
it will be apparent to one.skilled in the art that various. changes and.'

Toope tner aor. - bAolHRA BEARDG HADBUnRABELY B B LT EPLL 2

SR ISR b A

a fil'mon S anos (o50) sor ‘conprising one or. nore .
silyl et heraT 5’8 ao@bgﬂg’% Magergsu%gtrj' ctures I through VI or '-a o
silyl- ether oli gorrer represent ed by VII -4 (R20),, Si R-(4x)
(R30) ySi HR1( 3- y) R\ Si-R 2 R4/ )SrR‘2 III 'V OR40R18|-OR4 OSrR‘
R'Si/. SIR2 R-((R30)-Si-(R)), - OR4 010 V VI-"VI wherein X is.
anlntegérfromltOB y.is-1or. 2.; 2|§1?n1ntegerfrom2t06 R is one.
or nore of ‘H fluorine, a branched or straight chain Cl 1o alkyl, a, 'C3 - .-
to C8 . substituted or. ungdhambenPrassHia-fterd ky|, a o CI2 substituted .
or unsubstltut ed aromati c| Subgtsateitemperature {°Q)|  f | udb@ nat ed Cl to. C6 - -
al ky_I a partlally or ful:l yRF poweri{atid) C3 t o 300 .

R o DM-DOSH (g/min) 1.0

He carrier (sccm) 200

The expected k value wrll be in the range of 2 7 to 3 0, wrth a Young s modulus of

about 15 GPa and a nanonndentatron hardness of about 2 GPa

Whlle the mventron has been descrrbed in detall and wrth reference to specrﬁc S =
o 10 examples thereof it wrll be apparent to one skllled in the art that varrous changes and

' mcdlﬁcatrons can be made therern wrthout departrng from the splnt and scope thereof
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15. C8, cycloalkyl or a partlally or fully fluorinated C8 to C12 aromatic; .
RZ is one or nore of .a G6.to Cl2 substituted or unsubstituted aromatic, a . .
partially or fully fluorinated Cl to C6 straight or branched chain aIkyI,

a partially .or fully fluorinated C3 to C8 cycloalkyl, or a partially or |
fully fluorinated. C6 to Cl2 aromatic; 31 - 11111111 111111 11111 11111 |
1111°* L L MS* . R3 is one or nore of M8 Cl to 6 linear or branched

al kyl, or a. C3 to C8 substituted or . unsubstituted cycloal kyl; and R4 is
one of -nore of a branched or .straight chain d to C6 alkyl, a 3 to 8
substituted. or unsubstituted cycl.oal kyl, a C6 to C12 substLtUted or
unsubsti t ut a partially '5.or fully fluorinated branched or .
strai ght. chg?hgygeg&ﬁékﬁalkyl a partially or fully fluorinated C3 to C8 -
cycloalkyl, or a partially or fully fluorinated C6 to Cl2 aronutic; :
optionally" together mnth one or nore additional reactive substance; to form

an inter ayer tr il.m havi l ectr ant ut' 3.5 or.
Moss 8 A et hda el dn iRy a&ﬁ‘ﬁ?a?eeffm@smgﬁa?ﬁverm%q%@ .
dielectric fil m.10 conprisin acti der .chem vapor. deposi tion
Condi ot ons Coinplina Fedibe dﬁw%gF scat by oa?'tgoa@nﬁ@pes stficsrtfosposteon.
precur sor risin e. nor e P janosi | i con ound .cont.aj ni.-ng one or - .-
mor e reactlagpgf‘ geu ?tB%}ﬁ Appragnagt c‘f"?@"@"&ﬂfﬁ' Esnglogm% syl efheo .to- - -

C10 . epOX|de a C2.to C8 carboxyl ate, al kyne, a C4 to C8 drene

a C3 to C5 ©pregenied byene er 'QPE%‘H St'&'ﬁtﬂ"%ﬁ 'CSHFQL{Shé(' %agﬁ"bl[&ih%@!tgom :
sterlcally 15 ‘hi nder, or .strain the. organosi I i con precursor; optionally

t oget her . wi fepresaatest by¥ile ‘addi tional reactive substance; to: form an

interlayer.dielectric -filmhaving a di el ectric - constant of 3.5 or | ess. o
3. The method of claim1 where the organ05| I iLon. coqpound VO%I ect ed from

the group co 10f phe; t hyl si | & 1

2-tert-butyl Qﬁzagéégﬁ Eidret hm)ﬂgkgﬁ @9 di net h) hoxy5| 1 BHQ\ /S'R

- di met hoxynet. hyI si-lane, 1, 2-bj s(t ri-met hyl si I oxy): thane, 1, 4- _

bi s(t (‘met hyl si‘l oxy) benzene 1, 2- bi s(t ri rret hyl si-I oxy). cycl obut ene, (1, 2
L T P || N m - v.

N o—a—o__ S TE e
| ._-'R’35';i'-'-o-'-|=z“—'c')'—Si'R'3 R‘zs|  SRY RMY((R°O)SHR))R'
B L \O—R—O N

'wherem Xisan mteger from 1 to 3 yistlor2;zisan mteger from 2 to 6
_ _R lS one or more of H, ﬂuonne a branched or stralght chaln C1 to CS alkyl a CS to C8 .. o
i substltuted or unsubstltuted cycloalkyl a Cé fo. C12 substututed or unsubstltuted .
. | aromatlc a partlally or fully ﬂuonnated C1 to. C6 alkyl a partlally or fully ﬂuonnated c3 to SR
15 C8 cycloalkyl ora partlally or fully fluorinated C6 to C12 aromatlc -
R is one or more of aC6to C12 substltuted or unsubstltuted aromatlc a partlally or fully -
'ﬂuormated C1 to C6 stralght or branched chaln alkyl, a partlally or fu!ly fluorinated C3to

C8 cycloalkyl ora partnally or fully fluorinated C6 to C12 aromatlc
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phenylenedloxy)dlnethyI5|Iane 1, 1- dlnethyl 1- S|Ia 2 6- dloxacyclohexane

1, 6- bi s(di methylsila)-2,5;7,10- tetraoxacyclodecane ,

1,1-dinethyl-1-sila-2- oxacyclohexane 1, 2- d|nethoxytetranethyld|5|Iane o
pentaf[uorophendxytrinethylsjlane, 1,1,1 25 trifluoroethoxytriiethylsilane,. -
1,1,1-trifuoroethoxydi nethyl sil ane, d|nethyoxynethylfluor05|Iane '

i TR e e el Sl

1, 1-di-met hyl 5 r%u?stlt%te% cﬂb@? ﬁafl uor ocycl ohexane,

1, 2-difl uoro- di et yl di si |l ane, and mi xtures thereof.. 4. The

met hod of ¢l R4 @ e V&?‘?ﬁ&? %géfb'?aﬁhfng%%tré féhaﬂ't €945 g%ﬂkﬁ aigb%: o sufbstctuted

t he. group conS|st|ng 0X pro rimet hy
it 2: I%L@%@é%’*‘fﬁ%ﬁgvéa&@té CER 4 e S b i arognatic  partaly
(trimet h | s nt adi.e
4 (tert-Bo Iﬁth%v @oﬁg?ﬁ%ﬁfwﬁ%ﬂgretrwé%gtﬂ ?%@tﬁvi@epargaf‘v o fuly oraled
rimet hyl si 9 er 0X et.ox an an m Xt ur es ‘
t her eof . . %g’ﬁé @%alg‘# ?flaa?#%x/ﬁf\ét‘ °f'H§ QS(Hﬁo @t%@'fom%'cr%to%@nt ed by
structure I The net ho Ial rein the interlayer -
dielectric. X?Q?Fﬁ?rw'ﬁbg?%g%rﬂ?@da@'oqa g]‘ferﬁH\gg? aNgPaChCCHAFei - wherei n, -on an |
atom ¢ % basi =1 =1- 66 5% d.= 0-60 % and e = 0-25 %..
such t ha(t ai%f%’ﬁrh%'"?eféme/ad'?'edrﬁ%'m@ewaa aglilgete ﬁ?ﬁsﬁﬂ‘fé?fé‘ibﬁut?hé o fesei ca(I) o
vapor, dep05| tion conditjons llasma_enhanced cheni cal - vapor dep05| ti on ,' R
conditions. 15 82 Tﬁé"?tb‘?q’meﬁ OfTRing| aatom qielgpise GPFFt?mfén@HéYﬁf(mlthaqbﬁkn :
dep05| t | on conditions are therml chenical vapor deposition conditions.
' 9. - Thel@ret FBEPTIFING reacing. unser ehemicakvaner sepesition; conditions Buﬁﬁmembtbeieposuao
The method inclaim1 wherein the interlayer dielectric filmhas one or

mor e of ..t hEIMORJ suppisatesan erstaeasmcrmrepursp@ormnsmg@ne @l mae asgarrqsueon H

CO GCH,. and CG-F.
compound contamlng one or more reactlve s:de group selected from the group

' consxstlng ofaC2to C10 epoxlde a CZ to cs carboxylate a 02 to CS alkyne a C4 to
. - cs dlene a C3 to 05 stramed cychc group, and a Cato C10 group that can sterrcally
- '15 ' _l hmder or stram the organosnhcon precursor; optlonally together wnth one or more
o addltlonal reactlve substance to form an mterlayer drelectnc f' Im havmg a dlelectnc |
- constant of 3.50r Iess L . '-
3. The method of clalm 1 where the organosmcon compound is selected from :
- the group cons:stmg of phenoxytnmethylsulane 2-tert-butyl-phenoxytrlmethylsllane |
20 ' dlmethylethoxysﬂane dlmethoxymethylsﬂane 1 2-b|s(tr|methylsﬂoxy)ethane 1 4-
o bls(trrmethylsrloxy)benzene 1 2-b|s(tnmethylsﬂoxy)cyclobutene a.2-
" phenylenedioxy)dlmethyI3|Iane 1 1-d|methyl-1—sﬂa-2 G-dloxacyclohexane 1 ,6-
bis(dimethylsila)-2,5, 7 10-tetraoxacyclodecane, 1 1-d|methyl-1-s:la-2-oxacyclohexane |
1 .,2-drmethoxytetramethyldlsrlane, , pentaﬂuorophenoxytnmethylsrla ne, 1,1 ,1 -
25  trifl uoroethoxytrimethylsilane, 1.1 .1-trifuoroethoxydimethylsilane,

dimethyoxymethy!ﬂuorosilane, 1,2-bis(trimethylsiloxy)tetrafluoroethane, 1.4-
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2_0 11 The met hod in claiml wherein the dielectric constant is 3 or Iess. .
"12 - The met hod of claim1 wherein the interlayer dielectric filmis: _
porous 13. -The nmethod of claiml| wherein the chenical vapor deposition =
condltlons i nclude the use of an oxidant selected fromthe group :

consi sting of 02; 03, H202, N20, and m xtures thereof.. 25 14. The net hod

of claiml ein. - ] M 4 it 0R.5 anei L e
ise of an ond HptosIAetaBirnabib 1 AR 9§ SRR ofok ol gals
The net hod g I qﬁg{ ' ion conditions -
i ncl ude the {lg'glf@f’ i@%ﬁeﬁg;@t#lﬁ@&{d@éségsan}ée u{é?ﬁ%?éoérfn the group _
consi sting of heI t e
met hod of claiml mﬁh?é"%ﬁ)‘t’qt‘éfa%%@%wh%ﬁ tﬂegﬁar{%@c%ﬁgé %&Sss se@eq}e@&elgct ed
fromthe gr consi st seous ui d.organic.,s
amni a, }B‘g%@‘rﬁ’ 008315%0{#8&83@)‘)’95%3‘8%9 'ﬁ%g%ﬂmﬁmxg@ qﬂ&he and e
 m xtures 't her eof t claim eo id -
organi c §ub§¥%ﬁ5@ethﬂs'ly§€¢%ge% 'F‘ﬁ lﬁp@‘yﬁ?%ﬁﬁn%o{tél'@? Wg‘" 33 éjgu"ad'e"eqéj o
met hane; ' et hane, ' et:hene, et hyne, praopane, ropepe, butane, benze
napht hal ene (trinstadsiy)-1s3-putadiene drigei MFHSRWG 4r{lart-puyl phgnyl)srlane .
fluorocarbon is selected from'the "gm %Sponm sting of CF4, C2F6, CAF6, T
C6F6, -and nit@-{dimethylsily{lbeszgne, frime tobey distert thVﬂ’té‘F@P’FV silapesandm.is
deposited on the substrate as-an i nsul ation | ayer, an interlayer R
dielectric naylures theredht er net al di el ectric 1 ayer, a-capping - | ayer, a ' -
: chem cal X mechani cal planari zation or etch stop. | ayer, a barrl er Iayer L
15 ‘adhesi on -5y Ene methad af slaigriwhareipithe syl ethgg is l'ell’l’@eﬁtﬂdl‘b)kﬁfb&tm la\( m 2.
.vvherel nthe interlayer dielectric filmis represented by the formla, o
Si aGhCcHliFe, whebei Tihe method thclarmd whereipithe interlayeodiglectric filp rsreptemteaﬁby c =
. 1-35 % 'd: "0-60 % and e = 0-25 % such that- a+b+c+d+e =100% ' -
the formula SlaOchHdFe, wherein, on an atomrc % basvs a= 10-35 %, b = 1-66 %, c="
-35 %, 0-60 %, and e= 0-25 %, such that a+b+c+d+e 100% |
| 7 The method of clalm 1 whereln the chemlcal vapor deposmon condxtlons are_ o : _":._
: plasma enhanced chemlcal vapor deposntlon condmons o o | |
;'_ 15._ _: 8. The method in clalm 1 wherem the chemlcal vapor deposntlon condltlons are ;.
I thermal chemlcal vapor depos:tlon condltlons "
B 9. The method in claim 1 wherem the substrate isa smcon wafer
10. The method in clalm 1 whereln the lnterlayer dlelectrlc film has one or more of
' "the bond types selected from Sl—O C SI-O-SI Sr-C Si-F, SI-H C-O C-H and C-F
20. -- E - 11 The method rn clalm 1 wherem the dlelectnc constant is3or less |
. 12 The method of clalm 1 wherein the |nterlayer dlelectrlc film is porous
13. The method of clalm 1 wherein the chemlcal vapor deposrtlon condltlons
B mclude the use of an ox1dant selected from the group cons1stlng of Oz, O3, H,0,, NZO
~ and mlxtures thereof. . | | B
: 25. 14 The method of claim 1 wherein the chemical vapor deposmon condltlons

exclude the use of an oxldant

R
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20.,. The method of claim2 wherein the chenical vapor depnsl tion conditi dnS_ =

aré . 20.pl asma enhanced chemi cal "vapor deposition conditions. 21. The

met hod of claim 2 wherein the chenical vapor deposition conditions are
thermal chemni cal vapor deposition conditions. 22. The nethod of claim2 =
wherein the substrate is a silicon wafer. 23. The method of claim?2 V\,herei n

o eoteg 1o o' OBl oG 1 er S AR Rt ot Sp il ines.
The method af ¢l 2 the .di el ect t 3 or. | 34 CL
(5o s 25 R G B s rEpSies shested ot foup Ensting o B | s

porous. 26. The neth wherein the .chem cal vapor dep05|t|on o

condi ti ons |qﬁ9r\1359°t"hgryag°@ 5?”% "ﬁ';ﬂgﬁant sel ected fromthe group consisting
of 02, 03, H202, GISIZC}. %'g m xtures. thereof . 5 27. The nethod of claim2
wherein the chental hedn °@I956‘§|"@| ArhesQin e orsmer maseoeative: substangesk an

oxi dant. 28. The nethod of claim 2 wherein the chem cal vapor deposition
condi t i ofs selrateditiomibe geupgrongisting ef argeseaus oF fiqyd seganiesuhstantef ammoniag
group consisting of helium neon, argon, krypton, xenon, nitrogen.:'* 10
29." The netWgEPasn. earapRdipxideecarban manoside,  flusrocarboaaand mixtwes theneafes
sel ected .fromthe q_roup consisti-ng of a gaseous or- |iquid organic

subst ance, - ammoriia, Themethedjefclaim: 16 wherein brigaesoussortiguidanganicdebstance is |
fl uorocarbon, -and mi xtures. thereof. 30. The method of claim 29.wherein the
gaseous Of selgated foam e grosrph;gnsram ofmetbane; ethane] etheneethgne) progzmes i sting
of met hane, ethane, ethene, ethyne, propane, 15 propene, butene, benzene,
napht hal. eneprcmﬂm;ehatenett;eneeee, rmphthaiert—:utohmnehstymé andmhistives tﬁérd@ff Qﬁdithéon

is selected fromthe group consisting of CF4, C2F6, .CAF6,. C6F6, and R
m Xt._ ur eHJ .-t ﬂmmoarbon is selecte_d fro_n'r the glroqp_co_nsrstmg _of QF.,, C.Fe, C4Fs, _Cst, and mixtures 3 .
' '_.thereof o | | | | E L :
18 The method claim 1 wherern the t" lm is deposrted on the substrate as an -
| msulatlon Iayer an rnterlayer drelectnc Iayer an mten'netal dlelectnc layer a capprng
" . | Iayer a chemlcal-mechanrcal planarlzatron or etch stop Iayer a bamer Iayer ‘or an
15. adhesmn layer i in an integrated crrcmt

. 19 The method of clarm 2 whereln the mterlayer drelectnc fi lm is represented by

: the formula SraOchHdFe, wherem on an atomlc % basrs a= 10-35 %, b = 1-66 % c=

. 135 %, d=0-60 %, and e = 0-25 %, such that a+b+c+d+e 100% |
20 The method of ctarm 2 wherern the chemncal vapor deposrtron condltrons are . '.

.20 plasma enhanced chemlcal vapor deposrtron condrtrons

21, The method of clalm 2 whereln the chemlcal vapor deposntlon condltlons areiw' e

' thermal chemlcal vapor deposrtlon condmons
22 The method of claim 2 whereln the substrate .rs a srllcon wafer.
| 23 The method of clalm 2 wherem the lntenayer dielectric film has one or more
25 ‘of the bond types selected from Si-O-C, Si-O- Sr SI-C Si-F, Sr-H C-0, C-H, and C-F

24, The method of claim 2 whereln the dlelectnc constant is 3 or less.
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31.. The nethod claim2 wherein t he' frlntrs deposlted on the substrate as an-
|nsulat|on | ayer, an interlayer dielectric .layer, an i nt er met al drelectrrc
| ayer, -a. cappi-ng 20 :layer, a chemi cal - mechani-cal planarization or etch
stop tayer, a barri-er layer, or.an. adhesion layer in an integrated .
circuit. 32..-The method of claiml! wherein the chemni cal vapor- deposition
condi-tions are | a : - | L£laons and °

_ 28 %ﬁ@ gﬁtﬁ@d‘&@&a:&rf\%&%’ir{ th%h%rt&fe?%%l%#t@@ t?r?lé%loo‘rb __

t he -one or nore ery represente The

?ﬁéhéfoﬁé E'oﬁ's. ﬁ%ﬁﬁgfbﬂt laﬁﬁitﬁﬁr%?ltﬁﬁ?‘%m%ﬁ SeBoRfbr s
i et hyl et mﬂatarr tﬂtﬁmﬁtﬁr&%ﬂ e SRR pEBR P gm0,

di net hoxyphenyl si | an t hoxycycl ohexyl sil ane, -tert- S
but oxydi met APH Sy ethﬁ F!dr (tert-but oxy) net hyl s| lane. .34. A filmforned.

by the. met hod of _cl t he thod of 'claim 2.
.36, Af%Im for%%d ‘h’e‘tfl???d'"gfw'é?rﬁl"rtﬁ%gﬁ 1 YaRor depesiign eqnditions 34,
wherer nsadfilmis porous 38, The filmof claim37 having a pore size of
5 nm or Iesgx@d‘éﬁq’ﬁlltsﬁt" §Bl9§lqaﬂbl - diameter, as deternined by small angle -
" neutron scattering or positron annihilation 10 |ifetime: spectroscopy. 39.
The fil mof cl af®n 3%%@9%& of clsin & whereindhe ohenical vapor dsgosition candisiens
spherr cal . dianeter, as determined by shall l'e neutron scattering or =
posi'tron aniclidedhe use of enecen meregpe’égamwtecﬁ@omtthe greupeastsiséing iofhedim,
wherein sai.d.fil mhas. a densrty of 2:g/cc or less: 15 41. ‘The fil m of:
cl a| m 34 V\hleeQﬂ IGFM BMPIQWE@@ autmgngr ty of. 1.5 g/ cc or | ess .

' 1 Cl . '_ ' 129, The method of clalm 2 whereln the one or more reactrve substances selected '

. from the group cons:stlng of a gaseous or lxqurd orgamc substance ammonia, hydrogen . T

_. carbon droxlde carbon monomde a ﬂuorocarbon and mrxtures thereof
30 The method cf clarm 29 wherern the gaseous or llqurd orgamc substance rs N _:' .

s selected from the group consrstrng of methane ethane ethene ethyne propane,

15 propene butene benzene naphthalene toluene, styrene and mrxtures thereof and the "

_ ﬂuorocarbon lS selected from the group consrstlng of CF4, Cst, C4F5, CGFs, and mlxtures _'
thereof _ | | o |
" 31.- The method claim 2 wherein the.'t” im is deposlted on the substrate..a‘s .an -
msulatlon layer an mterlayer drelectnc layer an mtermetal dlelectnc layer a capptng
: 20 | ';layer a chemlcal-mechamcal plananzatton or etch stop Iayer a barner layer or an
- i adhesmn layer in'an rntegrated c:rcurt o T el
o 32 The method of clarm 1 wherern the chemrcal vapor deposrtron condrtrons are
' plasma enhanced chemrcal vapor depos:tron conditions and the one or more srlyl etheris
represented by structure . | | -‘ |
25... . 33. The method of claim 32 wherem the one or more silyl ether is selected from

- the group consrsttng of drethoxymethylsrlane drmethylethoxysrlane

T
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. 42. The fllmof claim 34 wherein sald filmhas a d| electric constant of

2 5 to 3.5 and .a Young's nodul us greater than 3 GPa and/ or

nanoi ndent ati on hardness greater than 0.5 GPa. 43. The film of cl ai-m 35
wherein-said filmis porous. 20'. 44. The filmof claim43 having a pore
size of 5 nmor |ess equival ent spherical dianeter, as determned by small

a5 ?ﬁgtl.o R e R ORRIGH Bhe A hdfisfEe bos cqui val ent

posi t1on anndBIEagmetyiphe BB e Ricns: R DIBNORR RIS S o 55

‘f({irﬁiQﬁiﬁb‘é_‘l’l‘lrg'“?l?‘l?"ﬁe hd RSPV SIGIE 11 o of o aim3s wherein

wher el n snalhgsf?I b it Brucd By MePeBa i 2 ¢ to 5.5 and & voung's

0.5 cPa. %757, ﬁ" A Ao by e FerpA B2 11 et s O
' ' 36 Af'Im formed by the method of clalm 32, A

37 The fi lm of clalm 34 wherem sald film i is porous
38 The film of clalm 37 havrng a pore size of 5 nm or Iess equrvalent sphencal :
| ' drameter as determrned by small angle neutron scattermg or posrtron anmhrlatron S B
.' 1.0'_ f lifetime spectroscopy | | oo
| '3' . 39 The fi lm of claim 37 havmg a pore size of 2 5 nm or Iess eourvalent sphencal
_ '_ dlameter as determmed by small angle neutron scattermg or pos1tron annlhrlatlon -
" lifetime spectroscopy | | | |
| 40 The film of clalm 34 whereln said fllm has a densrtylof 2 g/cc or less
R 15 | .. h 41. The f' Im of clalm 34 wherem sald f‘ lm has a densrty of 1.5 g/cc or less
| 42 The f' Im of clalm 34 whereln said fi Im has a dlelectnc constant of 2. 5 to 3 5 |
| . and a Young s modulus greater than 3 GPa and/or a nanorndentatlon hardness greater

| jthan 0.5 GPa

43 The fi lm of claim 35 wherern sald fi lm is porous

o 20 - '_ 44 The film of clalm 43 havrng a pore size of 5 nm or Iess equrvalent sphencal

AU dnameter as determlned by small angle neutron scattermg or posrtron annlhllatlon L

hfetrme spectroscopy
45 .The film of claim 43 having a pore size of 2. 5 nm or less equrvalent sphencal |
"_dlameter as determined by small angle neutron scattenng or posrtron annihilation
25 [ifetime spectroscopy.

46. The ﬁlrn of claim 35 wherein said film has a den'sity of 2 g/ccor Iess,'

* C L M s *
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47 The fi lm of claim 35 wherein said film has a densrty of 1. 5 g/cc or !ess | _ '
48 The film of clarm 35 wherem said film has a dielectric constant of 2.5 to 3. 5

. anda Young ] modulus greater than 3 GPa and/or a nanomdentatlon hardness greater .

" ."_than 0. 5 GPa.
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