; 1"e3ePa&<P"889: (:; 6; T&<&7 F E B 2005 "166166 METHODS FOR FORM NG LOW K
- DI ELECTRI C FI L 1 pcation clains priority fromUS Provi si I

Pat ent Appli cat Wmmfmmm 60l 299, 409 fl ed June 19, 2001. s 'F?%@ QQSTHE
| NVENTI ON The presenfdnvention provides for methods for formng a | owk
dielectric filmon sem conductor or integkated circuits enploying a
pol yhedral 10 'oligoneric sil sesqui oxane. Mdre particularly, the present
a pol yrer |1 nki ng: agert Ly 5 aerk QrEr EETRG LouPR TR EGRi Ridesa T im
will have an ultra lowk dielectric constant |ess than or equal to 2.6. Is

BACKGROUND OF THE INNVENTION - The increase in sem conductor design

integration by feat 8 applisatien glaimsnprierity fresu Ut Rrovisibnar Rassd Apyiehtorpf
ielectric lowk thin films. The

i nt erconnect : il d.zation

dielectric fi %dgﬁwggggp&ﬁlﬁai‘f&?ez J Ind metal fines of a device and
contributes ~to the RGtine constant that controls the device speed. As the
sem conductor industry has strived to reduce resistance (R) by the use of
copper netallization, the push t¢IEL® QFeTHE INWENTIG! ectrics is to reduce
capaci tance (C). Reducing capacitance by Lowering.the dielectric constant k
to the inter and intra level dielectric (ILD) film2s can inprove device

per formance by redugy I s .. decreasing the cross talk

bet ween adj acgntl mqﬁg{jgr*?ﬁg@gghygﬁd%&%é fgﬁg‘ 8%$ Qifesmisng a dew-k .
Tradi ti onal | ydialéetricdilrmrorabedficatRicts b iteShnl Loxide (Si02)
30 which can \'%E %eg,ar ed usi nglgc sil aneg-égirné%é{}gﬁ%d_oa{é@ﬁs%@gﬁcgﬁ%&g&ﬁlgfbe?éra’ n
o ks ot e T et ST Al

t enperat ure pfoés - %@%ﬁ@@&e&% Cﬁig@@@yi,c sesqgrxare endya pbhsner Idk[ing
(HDPCVD) . Howeyerit tot faemdd ! t.he osjted SiOz .is
relatively high at (_)4. 0. Agtrgﬁgfrgg%éfg@ﬁgﬁgp&ﬁ%pﬁgﬁﬁﬁ Vﬂh&/’@é’eﬁ‘ Witea lowrk

wi dt h net al | diglestrie oeRstant essathannoséqiaite zerl | er diel ectric constants.

| ndustry publications have indicated that lowk materials with k val ues
from2.7 to 3.5 woul d be needed for 150 and 130 nm technol ogy nodes. Wen

the i ndussry nmoves to 100 n j sions below that in the
future, extra |owk (ELK.) %ﬁ“‘%??@ﬂﬁ@?ﬁﬁﬁﬁdwﬁ@lﬂ@m 2.2 to 2.6 and
ultra lowk (ULK) materials with a k value less than 2.2 will be necessary.
The semi conductor industry has devel oped several |owk nmaterials to is
repl ace silicon di h§ HErease Impemicondizstor desigadnteyratiom vy fkdturatesd al s.
These reduction h .
uction has resulted in increased levels of interconnect and increased
utilization of dielectric low-k thin films. The dielectric film is used as insulation
20 around metal lines of a device and contributes to the RC time constant that
controls the device speed. As the semiconductor industry has strived to
reduce resistance (R) by the use of copper metallization, the push to the use
of low-k dielectrics is to reduce capacitance (C). Reducing capacitance by
lowering the dielectric constant k to the inter and intra level dielectric (lLD) film
25 canimprove device performance by reducing the RC time delay, decreasing

the cross talk between adjacent metal lines and towering the power
dissipation.

- Traditionally, the material of choice for the ILD is silicort dioxide (SiO,)

30 which can be prepared using silane, disilane or siloxane precursors in.an
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materi al s can be deposited by either chenical vapor deposition (CVD) or

* Spi n-on deposition (SOD) nethods. The CVD technique utilizes exisyifEB 2005
vacuum tool s for depositing Si02 that include |ower tenperature plasm
enhanced CvD (PECVD) and high density plasma CVD (HDP-CVD). The 20 SCD

met hod uses spin coaters that have shown better extendibility to ELK or ULK
by introducing pores in nanoneter sizes. Newer materials such as
fluorosilicate glass (FSG, carbon or ca& bon fluorine based filns and
carbon doped Si Oz utilize CVD techniques. Materjals such as, polyimde,
hydrogen sidxidizing emdranniesQ) Thatnasb popviar depositins tachniauesf c@eposi ted using
SOD 2s techni ques. er of te | ower

di el ectric SepRsiling @Bf%ﬁ'ﬂ%w%ﬂl‘lyan% e%%sé 5@&%\2@2 \évttgg&i:eﬁéﬂtuﬂ% 3.5t0 2.6
range. fm& CVD (eBP@VDRY). bel ow
2.6 for CVDE{IEE{'néIQISIﬁ ?@yﬁEﬂj LE)%ﬁm?gge:n‘gﬁgp The pr esgﬁt |nve);1t| on
provi des f oHowewerEhedielbetric constdfiidf 2i@deposited Gifd, iagelatively hignatitd. ectri ¢
CVD precursors in extra lowk CVD materials for the sem conductor,

industrys Gven the desires of the sem conductor industry for | over k val ue

smaterials, new |,q lbvent i on
provides a novel Aéwﬁgéggﬁcmd&ﬁhgug{ggm# Ingrr\{‘sa-a af%ﬁgﬁga

sem conduct g &bnb&trﬁ%ﬁﬁ% §hfaﬂét@elébtrﬁ?@bd>ﬁ@am anduetcwpablmdtnnsmefl | m
formed when tnﬁe conpound is applied. to SUWARY OF THE | NVENTI ON

Pol yhedr al ; mimajemblnatdom-k petqrialewdthek valoss)Tom 247 i35 Wauiddg ngeded

funct i onal hed , t |

m‘iFECLFZa BP9 430 T teshriibon B i REn BT Tl o 81100 .

chamber ,or fodkhoRbdiAmd BIRERGEHs BRI it iy EROtdepesirhilow-icfElk)er o form
W

an ultra ctric mon the surface of sem conductors, and
i ntegrated matéﬂalbshavT ameﬂom 2l2fo Abandculirilnwek (WiK) materials Withagent
in the CVD chanbers, react and .polynerize to formthe | ow k

dielectric ﬁlKV@lUiFH%SSDﬂBS %I%@W?W%@ ral has the forrmula Shd, 5n
(R)~(R2)~(R3)k, n=i+j+k and can 20 range from about 3 to about 20 wherein
R, R2, and R3 are organic or silicon functional groups or a conbination of

bot h groups. DETAIHeEgg,%gﬁBhaBlrwl@ﬁyTﬂzﬁ déNSRdFddbeverallosv-k meaterialsitavent i on

relates to a method of formng a lowk dielectric filmon the surface of a
seni condsct meplaceasmqontdagmdeéhabarﬁdnptga@&r}ﬂfgén'ﬁ@rNBE@|rﬂ§1tef'ﬁ|sa @f‘r’éﬁ cal

vapor depositio hanb ol POSS)
with a pol yr‘@?tie{:' f ﬁ d&& ﬁltgq ﬁ a‘bﬁ%@%ﬁ‘ﬁ ' éOFaé‘?ﬁﬁdsHeﬁ? zgﬁct or or
i ntegrat ed %Jp'irFBhtd s tféﬁe(s@ﬁ)r&mmd& Tie O\ fedtigue atlizdisaduisting ¢ where K
is less than"or POSS nol ecul e has the

vacuum tools for depositing SiO, that include lower temperature plasma

enhanced CVD (PECVD) and high density plasma CVD (HDP-CVD). The

20 SOD method uses spin coaters that have shown better extendibility to ELK or

ULK by introducing pores in nanometer sizes. Newer materials such as

fluorosilicate glass (FSG), carbon or carbon fluorine based films and carbon-

doped SiO, utilize CVD techniques. Materials such as polyimide, hydrogen

silsesquioxane (HSQ) and polyarylene ethers can be deposited using SOD

25 techniques.

As such, a number of technologies to provide lower dielectric constant
CVD materials have been demonstrated in the 3.5 to 2.6 range. However,
there are far fewer alternatives for k values at or below 2.6 for CVD materials

30 in ELK/ULK applications. The present invention provides for new materials



- 7 FEB 2005 4 general formula of .Si~0,.5~ (R);(R2)~(R3)k, n= |+]+k and can
- range from about 3 to about 20 wherein R R2, and R3 are organi T Tof EB 2005
silicon functional groups or a conbi nati on of both groups. Mbore
particularly, R) RZ and R3 are selected fromthe group consisting of
vinyl, oxynethyl, oxyethyl, phenyl, cyclopentyl, s cyclohexyl, isobutyl,

nor bor enal , nor bor enoet hyl, norbornenyl, chjorosilane, silanol, alcohol,
acrylates) particularly methacrylate, esters and expoxides. Another

functional grdQpusaas exdsa low digitatfie CVD procursbtsindsctef lowfll% CW’BSrﬁQfenals

invention are oxanes hav e general forrmula (-OSi Hx(CH3)3-x) 10
where x is 1 tngg—] mf@n% P‘% FNE‘éS tBhove nol ecul ar structures are

representative of the POSS mol ecul e. (I') Contains 12 silicon atons, (I1)
contains 10 silicon atons and (111) contains 8 silicon atons. 7 FEB

2005 The |inking ad@ives theeiesmb@feldets@nﬁ@@ﬁdudtbﬁ .hduag%gm%w&'
t her eby pol yrrerlédsllaﬂ%form ng a polymerized nol ecul ar S structure |nto a

conti nuous>fi I'M? devhlowrk GéRirpatediads ere bemgrﬁoe@hat dteqresent invenfiase.
This reaction adi cal nmer | The |inking agents nay
be sel ect ed fP%v'h g%gllr'j%vueg Ci%sr? &s‘fqrﬂag‘d?éﬁs Hﬁ?émﬁr fPimingea fifra orn@t hy! si | ane,
di met hyl si | aneensicomestodbs t ane,

di et hyl si | a- oxocycl opecr)lt an?lté%}%?d(;b'e?%/@ I an r%y%&%é/"&g? {ogﬁbéﬁ’g"n

si | acycl obut af@rmecémmdhawmmmm@appml ooctyl si | ane,

vi nyl met hyl sil ane, io0 cycl opentylsilane, (nmono- or di-)tert-butyl silane, |
tert-butyl phenyl sil ane, nethyl di si | ane, tetraethyl-ethylsilicate,

tetranethyjethylsilicate) dinme yl benzene,

di silyl benzene, trisilyl benzenregI ﬁﬁ%@@%é@ﬁ@ﬂ% di si | oxanes havi ng
the chemical formula R~(R)6_~0Si2 where nis 1 to 6. The R and R groups
in the disiloxane % be sel ected is fromthe group consisting of hydrogen,

methyl) ethyl, terf ral. vllmerlétmbﬁygumnewpsﬁmmmwlragwd Vizgictg efs.

O her 1 i nki | ud t h | h

ShO--_, ( o) T EOn! %%Y‘R@ g 48 ¢T0P ke, Sg disichirs cldoe raplSsaiound

t hat ez d
ety per o oo PSR e '%'8§§ﬁ§é‘é'§’%ﬁs?ﬁgb&é@§”<ﬁ%aﬁﬁrPé‘ ®

di acetyl peroxide, ditert-butyl peroxi
-per oxi deslShavﬁﬂﬁgﬂ’@ emhﬁl@daclmemfdaévbpmedépobﬂtlﬁhldh@nﬁ%ﬂb&‘orrﬂ driaitRd RYERt

ol ol o or eletROHRT 30 RE' s e semicontiuctirs and infograted dirouits. The
POSS molecule, when combined with a linking agent in the CVD chambers,
will react and polymerize to form the low-k dielectﬁc film. The POSS
‘molecule in general has the formula Si, 0, ,, (R(R?)(R%),, n=i+j+k and can

20 range from about 3 to about 20 wherein R', R?, and R?® are organic or silicon

functional groups or a combination of both groups.
DETAILED DESCRIPTION OF THE INVENTION

25 The present invention relates to a method of forming a low-k dielectric
film on the surface of a semiconductor or an integrated circuit comprising
reacting in a chemical vapor depasition chamber a polyhedral oligometric
silsesquioxane (POSS) with a polymeric linking agent thereby depositing on
the semiconductor or integrated circuit surface and forming an ultra low-k

30  dielectric where K is less than or equal to 2.6. The POSS molecule has the



formation of radicals to link one PGSS functional group to another PQOSS 2s
+functional group by stabilizing radical formation. Cyclotrisil oxange F&Bd2005
cycl ooctasilane contain large ring structures which can further increase

t he space between the POSS group as they |link to one another during the

pol ymeri zation. These large linking agents in the radical polynerization
CVD can further reduce the dielectric constant using the PGOSS nol ecul es and

the 30 linking agents. Silicon conmpoundsawith tert-butyl groups will also
hel p - 7 FEB 2005 6 stabilize the silyl radicals and the t-butyl FTgroups
may act as gesendl rfng‘ngllamsin()@a(RWRq),-(R%ﬁm%ﬂsékp@ddmnt%anﬁﬁ frara aboubddur i ng

ox : 32?5‘32; b5 oAk S@a‘wé?%'gﬁ%‘?agﬁé‘d Ba At efiie B0 SHie8 TitianRGotdB or
i .0l ].ow . _ G + 222 i3
Uhen ther o” POplighof BpH GHTRInE: Moié partipuiarp R R afl R She Selbdt | ©

radi cal s Whigghn feayroup eorsistingt afblisylsomtreethyhioxiettyh dienyt, ayclopestyl.by
appropriate choice of functional groups such a t-%ut%%ln gr h(iégﬂlsfﬁ-organi cs).
Thi s net ast aytlehexylt isobytykenorbarenal ranfbprenq‘ﬁéh@i NPOFRRMEFNIYOTEIHes with
anot her functi onal QuUR S ti o Lye 5!296?(' ndency is
to formsil ;?f'a"r“gd?'&gf‘eﬁéaﬁ%seggﬁ'g}‘[éé@ql}gﬁﬁﬁﬁ? ‘Jf“}rég e%@ﬁ%f‘f’ e(:]uanﬁe'?y of
.oxygen, ozone or peroxide conpound in contact with the silyl groups on

several of the linking agents descri bed above and form ng the si I?/I
radi cal s. Met hyl Aradhesfusictianalagroup thatiroaybe empleyed in the metheds of 6t t hey

are even less stahle. The | ess stable nethyl radical Y, t{cipate
in this read@regant inyention @r@oﬂlozgn%(}\agmgégé@e&lpr@l 8"@6%2 %F%@S’F@Lﬁjay al so
be open such d nctional materials fromthe polyneric |Iinking agent
attach tl§ %ﬁ%gtexn'gglle%&of the silicon oxide cage. Another nethod for

formng the lowk dielectric filmthat may be 2s enpl oyed _inh the present
invention is with the use of plasma. Plasmas are known tg create radicals

by el ectronic bonmbardmentajn a plasma field. Myl
formed by creating plasne \M?H\Qr/ws_zﬁout the pr

adi cal s can be
% |1 quantity

of oxygen that activates A K ane. T an then
subsequently react with t funcgi groups Q i zed POSS

mat eri al . - 7 FEB 20b%'#age ot harrdinki ng agént ated in a
manner simlar to that ﬁe}'rge«t’ﬁ' f["@ne to cr [ hat are then
enpl oyed to pol ynmerize w t p€he~Yas Whase POS nto the CvD

chanber. Typically, the POSS ¢onmpound is a solid, g rally a white
crystalline powder. However, I'n sone instances, materials having the POSS
formul a, dependi ng upon the particular symetry and n8| ecul ar weight, are
vol atile under typical CVD cdhiditions. )

-

A
$ ;\g.\c_f

A
R
.

15 (1)

The above molecular structures are representative of the POSS

molecule. (1) Contains 12 silicon atoms, (1) contains 10 silicon atoms and (lI1)

contains 8 silicon atoms.



The POSS material will be dissolved in an appropriate solvent noderate io
~volatility such as of cycl ohexane, benzene, normal and cyclo-siloxahé£52m5
vol atile silicone solvents, tetrahydrofuran and certain of the |inking
agents suggested earlier, particularly the volatile silanes, siloxanes and
or ganosi | oxanes. However, if the solvent interferes with the plasm
formation, the POSS naterial can be delivered as a sublined solid in a pure
is formto the CVD chanber. The solutionsis injected into a region of the
reactor where the pressure is between 0.1 and 10 tort and the solution is
heat ed above the vaporization point as neasured at 1 tort for the sel ected

POSS terial. Typically, this i d, 100 to 4 ! th

vaporin?eg“ggs at I&ﬁ%‘l‘}l}ﬂa\ﬁﬁﬁr&g@ﬁﬁﬁ?ﬁw@ﬁ}q 'fﬁa&?g"tgtqﬁgfg? %%F{ﬁ%@ﬁﬁ%g tﬁe
Civated LLnki , ) o | .

ggnle\r/gt gd byp%lgﬁgiéﬁ'“riéeiaﬁc! %gg%rH\?ﬂgﬁ %@g@gﬁii@ﬁqﬁ%&tﬂﬁér mal ?ggg?gé méﬁ?enber or

by passing tBromEsuSfila feered ergiresamicohduttor ocirdegeated chewhsudgacr. radi cal s
that will also conbine with the 2s PCSS and_sol ve&hﬁﬂﬁ%eri als. This
conbi nedsf | Jiswaactionavill pagur \ja sadicakPolymesaatien o f NeANKING adgTis May ¢ om 200

to 450C dependin on, the appr les C i : { nd linkin
hgent s - pr pgBlacit B el Gl o8 s of R, FdtRgisfane ] 1 1 09
typically adzrhla{ anef ﬁrar%r,'_@iéﬂﬁﬂePﬁngli@?étﬁy@ﬂaemwdynlaﬂﬁamﬁe, 30 - 7 FEB

2005 s Sone vant ages of using PGCSS m I ncl ude: Oi\,]é} internal free space
can be sel edliradtiisilarexquyelopestand, syelohexyairneg, syalongxyigisilange to t he

density with Si02 filmt . reduction; . A PCSS
cages Zan b@“@%lmpglﬁ' %ér%%getb%fs@&%ﬁe';@%&& ls']%ﬁgmgtehgﬁ'\gﬁg? and (3)
s thernmgl. - i Sire _ dﬁ@@_ .S { d,ity,
surfac??gﬁﬁ@@?ﬁ%ﬁ@"e&gﬂbﬁg gﬁgli nee?gﬁgél@%ﬁggt%gﬁg%n?ﬁzﬁapbr)c/)pri ate
Li nkage pr eGrethgidisiaed tnamsthylathylsitidate, teteamehylathysilicateTwo milliliters
per mnute of cyclohexane which contains 1?1/53 @é mass of . Pﬁ)SS #? materi al,
a cheni cal rdinethyidioxymethyisilang, silylbenzgsee fislybenzeng rshiRen 28 ounds

cont ai ni ng 82% C24H36S112018) ,.16% L7 O i 9 18012,
is i nj! elct gd ﬁﬂb&%&%ﬁﬂ@@'}%@%@?@%ﬂhﬁﬁ%r r lF%gberﬁ‘dl]Jtl 6rhh zxiélgéfzpr ayed
info the Chftgl‘g@rb AR Db BN THe! RaFRINRTgroaps in 78S didioxgnerhaybalstlevied t he

solution in rL droplets allowing for the conplete vagyori_z tign before
com ng in cdrdmdhe group comsistiigof hy(?ﬂOGﬁni metiudi elbyt dertbutyl, YiRyls 8oyt e

ifolds, methylsil f1wing. at
{1 ovi ng. ai e metempBRRd MG aneens O dldinino sodis HATRRAALAEE" 120 |
above the MG (il 1 Beads QRHOSES] 00D (ORANR, dherghds 3avdai Thy 2 30

m cron Locall p05|st| on. I'n conpar rﬁ"g) this to deposition on a wafer
whi ch i s gensreseatinbgntons haeealsaiouat] that drgasid perexi ohexane

h
in the absence of a POSS material) qgne fifth of the thickne deposi tion
occurred. ThHR&ouisiepAceLPEBZOY Pep '8%9"?2%9"189" t&%ﬁ%@%’i‘i"@%‘gge on the
20 dimethyl peroxide and peroxides having C, to C; are effective as linking

agents in the present invention.

The compounds containing the silyl groups are particularly suitable for
formation of radicals to link one POSS functional group to another POSS
25  functional group by stabilizing radical formation. Cyclotrisiloxane and
cyclooctasilane contain large ring structures which can further increase the
space between the POSS group as they link to one another during the
polymerization. These large linking agents in the radical polymerization CVD
can further reduce the dielectric constant using the POSS molecules and the

30 linking agents. Silicon compounds with tert-butyl groups will also help



2s wafer due to the interaction of the nethylsilane |inking agent and the
- POSS material. POSS may be delivered without a solvent by using a EE%@?UOS
chanber with. a sublimtion chanber. Either AC or DC plasma i s stTuc

bet ween the so net hyl sil ane, oxygen showerhead and the hotplate. The vinyl
POSS materi al - 7 FEB 2005 9 is heated in an outboard chanber that is
about 0.1 to 5 tort chanber pressure. The POSS chanber is heated above the
200- 300C tenperatures necessary to volatéze the POSS at the pressures of
the chanmber. The POSS vapor is carried to the chamber using an inerf gas
flow, typi cetdbilizerthersilyt radicals pnelttibe hrbutyl ggoupemayraat ass leaVinggroups

200- 300C. The nononet hyl sil ane radi ¢cal s, fromthe plasma r A the POSS
functional &hasoyll ingraase PRI qua?&?rﬂidé’lnﬁgtsr”irb eﬂﬁ?@‘r?%eai%gf %%b%gp e(IFq. I'n
anot her exa : l,g) with 8 siloxane groups with io 2

met hyl and ﬁéﬁ?%e%%‘?ﬁg%ﬁ each silicon in each functional group is
di ssol ved (4% by weight) in cycl ohexane. Four m/mn of liquid is injected

into the thermal CVD chanber. The solution is heated in th? chanber to 250
Cin a heated netRartiaeefidation torempve RydRgen 3ioBs sande ePIRYEIRY sed gases

t hen passes .t hr.ougk N i {rst manifold supplies 100
sccm ~s of ﬁ%%ﬂﬂg'%ﬂy\[R@fﬁ%ﬁ%@?@ﬁ%ﬁ%ﬁyﬁ?yﬁor froma vessel of the
liquid heated to 128C) and the second supplies 40 sccm of oxygen. The

si | oxane functional groups on the POSS and trisiloxane react with 02 in a
partial oxidation rea@ Re@iH,ha0,re&RsSit, tH2 Ege of the hydrogen atons on
the conpounds, form ng radicals. These radicals polynerize on the 250 C
substrate wafer to 20 forma | owk deposit. The nononet hyl sil ane and

Lrisiloxgne cohQNRR REISS BERUEGTuliRgsLhdHFiSs bHBR khensl odoauatyion the

POSS f orlfi ng add e this invention has been

descri bed wirhRicaRswARh $tay RRatretastibl@ stateipwhicheoansbe btabilized by is appar ent
t hat nunerous other fornms and nodifications of the. i nventngn i

obvi ous to tappeptatel ¢haice af funstianal groyes éiHﬁ'éﬁaétPLﬁ!_"é?rrﬁc ﬂrgvﬁyﬁgcl;s)'ibﬁventi on
I e e e
invention. auotfeffdRclBAa drollp sometimes in an explosive manner. This tendency
15 to form silyl radicals can be exploited by putting a small quantity of oxygen,
ozone or peroxide compound in contact with the silyl groups on several of the
linking agents described above and forming the silyl radicals. Methyl! radicals
may also be formed in a similar manner, but they are even less stable. The
less stable methyl radicals may also participate in this reaction. The silicon
20 oxide cages of the POSS molecule may also be open such that the functional

materials from the polymeric linking agent attach to the open side of the

silicon oxide cage.

Another method for forming the_low—k dielectric film that may be
25 employed in the present invention is with the use of plasma. Plasmas are
known to create radicals by electronic bombardment in a plasma field.
Methyisilane radicals can be formed by creating plasma with or without the
presence of a small quantity of oxygen that actjvates the methylsilane. These
radicals can then subsequently react with the functional groups on the

30 vaporized POSS material.



Havi ng thus described the invention, what we claimis: .1. . A nethod of
- depositing a~lowk dielectric filrri on a sem conductor or integrated

circuit surface conprising reacting a polyhedral ~ oligoneric: * FEB 2005
si | sesqui oxane and a, ~li nki ng. agent in ~a.chem cal vapor deposition
process. thereby formng said lowk dielectric material. ~. 2. ~ . The
nmethod as clainmed in claim1l wherein said polyhedral . oligoneric

si | sesqui oxane, conpound has the fornul& SI'~0,.5~ (R), (R2) ~(R3) Kk,
wherein. n=i+j+k and can range from about~6 to about 20 wherein R, R2T and
R3 are organic or silicon functional groups or a conbination of both

e ﬁétﬁgﬁﬂ? e ko Babnts iy B ke L Seliny Stoar g Indt 7 22
sel ected f r rﬁéu[%!ﬁ% tBQ:f?éﬁf%t Ha'aQ:a(Pé tHéit %Yé theétXdipRsyieato, patyoerize With
yC ope cycl o

pen~tyl:, exyl, 1sobutyl,~ norborenal,

nor bbreri o. ﬂié@és phgs@mldﬁllyered into thiel @VDsiHasntgr. sTypically, thelP&§i| |
met hacryl ate, .esters, q){‘gr onet h e functional

|
. groups.5. compoupd iTAes tﬁ@@leré‘ﬁy éi‘ﬁﬁﬁewsi‘]ﬁqm%P?ﬂvgeBmﬁQW&vﬁr d958M9 nki ng.
agent I's a w?é?ri”a'ggeﬂén&?q'ld?n tHYBOSS ﬁir%axa’b‘zepen@m @ﬁor‘i”mé’?éirtléﬁlaﬁe' ai ned

in daim5s ral chain si ne has the fornu

~Si xH2( %Ggmm&W ghd mroleéulér wg@mtam \erkatile under O/mmaltﬁd\é\lbe:olmdﬁldnbe formul a
(- OXSi XH; ( ereX|33t08and|+J=2X 7. . The nethod as

clainmed in cIa|m1 wherein sald I|nk| ng agent is~ selected fromthe group

vyl et hyl di et TR PSS Areriaoi e SkITad iy B e Fop s Sl modsrate
FEB 2003, . volatlﬁgy such ésY 6f ﬁit?ﬁéﬂ( @B@nzéﬁé'ﬁ&?ﬁ?@f laflddycRsiloxanes,

si l acycl'obutane, "t et. oxane, . cycl ooctyl sil ane,
vi nyl met h. ylv@ldtmemconye: boisrents(Itestralwdazofurmmandwteytlammﬁt}’ﬂesﬂﬂkmgaagents

i et h. yi cisoggReteRaR e paricU T saielie STaRr S RipRdR Bl
trisilyl ben I the formul a
R~(R )s_ ﬁ&%%@?(gh% ngnﬁlgfng@g% ectlgﬁ‘rom tﬁ%h@ !%fg@ consi sti ng.

of ,~ hydr ogefgrmatidh lthe PSS matenat@em bb deliVeredi awda $ublimegysolicn Iacpqre phenyl
and hal ogen and n is ~ The rnetho, d as cl a~i m~9? in_cl

wher ei n 1sai dotrm Mth@Cg/@ﬂhambeé The seluigni's ijestsdilpiasa regipp of the rqqc t he
group consi st0q 8L benzol, Be il 6.1, AP M BrRENoIRAY RHidlfeq O acet !

per oxi de
above the vaporization point as measured at 1 torr for the selected POSS
material. Typically, this is around 100 to 450°C. A stream of the vaporized

gas at vacuum would be injected into a stream containing the activated linking

20 agents.

Under these conditions, the radicals are generated by partial reaction
with oxygen in the thermal reactor chamber or by passing through a plasma
region which will create linking agent radicals that will also combine with the

25  POSS and solvent materials. This combined flow will then pass over the
heated wafer which is heated from 200 to 450°C depending upon the
appropriate combined POSS material and linking agent’s properties. The
semiconductor substrate or integrated circuit is typically a silicon wafer and
can be up to 300 mm in diameter. |

30



peroxi de ~a.nd peroxides having C, ;to C5. ~ .. .-. .9. The nethod as
~claimed mm claim 1 wherein said polyhedral ~,oligoneric silsesqum oxane is
di ssol ved. in.a solvent prior to additi.on.~to said chemical , wap&EB 2005

. deposition system 10. ~ The nethod as clainmed inclaim9 ~rvherein said
solve.nt.is selected from. the group consisting of cycl ohexane, benzene,
normal and cycl o-siloxanes, . volatile siligcone solvents, straight chain
and cycl o-sil oxanes with nethyl and hydro functional groups and

t et rahydr of uran. BomFreslvantaues aﬁuﬁhgmmssimnpihaiuabﬂ%@‘?ﬂe?ﬁél f?é%%]g ce

pol yhedral ol | oger%i%i SN se{'zqui oxane IS sublinmed int vacuum chanber by a
direct subli R Sfietter atihe peeeuient lavelv Bompatispogian om madst enthe. . 12.
A nmethod of depasiti I i g C.fil n_a sem conductor or
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si | sesqui oxamagescan berdrigigeeraaing i |

chem cal vapot[_l?deposi tion ggr ocess t h%r eﬁﬁpgﬁﬁ%ﬁﬁﬁggg@e ?B%Lﬂgggé@c@)i C

materiel .3 MpeBMechanical strempth, rerdndss.smotalusethe minal stadility, :Surpdtey ei n
sai d pol yhedral| i ric,,' silsesqui oxane conmpound has the fornula
Sl ~01.5n ~R )@&95’8%%%&?9%Q.ee?f?glne?reﬂﬂmpcﬂgcaoa of the appperiatelinkaget 6 to

about 20 wherpgedufor dRtZdeSStidR ¢ ganic. or silicon.fu~nctional
‘groups' o'r~a conbination of ﬁ?ﬁﬁgﬁgﬂ%s 1A~. The nethod as clainmed iri

claim 13 wherein nis 8, 10 or 12. 15. , The nethod,~as claimed in claim13
wher ei n sai d EX@mple8) and R3. are selected fromthe group consisting of

vinyl, .oxyf~ethyl, oxyethyl~, pentyl, cyclopentyl, ~cyclohexyl, isobu.tyl,
nprborendf, no.rborenoethyl; ~orbdrnenyl, chlorbsilane, sifanol~ a~lcoho(,

met hac' ryl a~ . hy(si ] px sters and 5 epoxjide func.tiorial
groups. , . tﬁv H}f@{'&ﬁbeﬁ}rﬂ'%% étéﬁef%ri"ﬁ’@ﬂe whichceentaims 110 %ty mias s i d
l'i nki ng age~POS8%1 maabhal adheihRl ' i 7.. _The net hod
a~s clainmed. in claim13 Ivvherei%@?Qmug%ggpgweéﬂ%@%sﬁ%&ne has the
formul a (- O-filsesUiGEAEHEP MPoUNKisI@intaiing 82% CoA89H0%, dseycl ic i

si | oxane haspt(gg gorgula (_?%?i XH;(G'-E&%‘*)_V\.M_GI’G Xis 3to8andi + ) =2X
. 1 g. The rrediRolieLis A nebishesSistd m isdnigstecinto aaitmmbekoperatedat 3 i s
sel ect edi§ r ofgrt.h i St ~ methyl ~si | ane, di~rizethylsil.ane)
silane, disil éne?’“ﬁ”ﬁ?ﬁ“ﬁ'@e’fﬁ’%@ﬁ&%ﬁéﬁmc El%‘%‘?ﬁ%@%éﬂ ultrasonic’nebulizer

di m-t hyl si | adesigopditopkstiventhe solk¥i6hTHYISid ' .

cycl ohexyl disi .| ane, ~sil . acycl obut ane~, t%?Fﬁ@%sy?lz?ﬁlgpIfglg)g(thGn%?mple.teS

cycl ooot yl si YapRIzatignRefiese wpning limeentant svitipthet whfesj whivhes heated to
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ot amt hyi SrP 1k M pBRete Biaaepcisifieling Gnlievaa toyinatshd scom
d-i ~5 ) ! ﬁgr?rgurn oxybeh fﬂ(fég?gﬁﬁg% 20 SBLR] eMafinG!iRREKRNS R0 AR 4 FETfT
20  directly above the MMS manifold. Reaction occurred on the 4" wafer creating
a 30 micron localized deposition. In compafing this to deposition on a wafer
which is generated by the reaction of methylsilane, oxygen -and cyclohexane
in the abserice of a POSS material, one fifth of the thickness of deposition
occurred. This demonstrates the polymerization reaction takes place on the

25 wafer due to the interaction of the methylsilane linking agent and the POSS
material.

POSS may be delivered without a solvent by using a PECVD chamber
with a sublimation chamber. Either AC or DC plasma is struck between the

30 methylsilane, oxygen showerhead and the hotplate. The vinyl POSS material



~ 13 and R are selected fromthe groups consisting of hydrogen, net hyl,

~ethyl, tert-butyl, vinyl, ethoxy, nethoxy, phenyl and hal ogen and | Boﬂh§
5. 19. The nmethod as claimed in claim12 wherein said |inking agent |s an
organi ¢ peroxi des selected fromthe group consisting of benzoyl peroxide,
acetyl - benzoyl peroxide, diacetyl peroxide, ditert-butyl peroxide, dinethyl
.peroxi de a.nd peroxides having C, to C5. 20. The nethod as clained in claim
12 wherein said polyhedral i oligonericesilsesquioxane is dissolved in a
solvent prior to addition to said chem cal vapor deposition system 21. A
net hod of digpnsitéd irgan outhedrd dihambrrnthat isidbaud 0. htes e tor shambesr or

P Sesqui pressiraTRe 0SS ShgTbia henigd abo\adhe fud BB empgauies) ™ ©
n=ij +k and gscessa?fo Y@ﬁﬁ%?grﬁé’ﬁo%é Qt rtesggrér’g[;@Ftﬁbrth'mbé?Z deo@:s are

organi c or groups o a co nation of both groups and

a |inking aggndr 15f&a?nédth%ha\qusm%@wnhemgaprfmayplt:aw atgoni, theri ng sai d
low-k dielectric material. 22. The nmethod as clained in clai E;I@%Wherel n R

i sd8) 105 or hatpljatemoldtng tmwrftfelr isheated te 2008006 M *zezmm@m
R3
oxyethyl ) Sﬁf@ﬁ?freyrah{fgé‘l‘a%mea R s POR Sy eyl hous 4E o the

nor bor enoet ERRIRAE rial 6h|tﬁé%félane silanol) al cohol met hacryl at e)

hydr oret hyl si exy , esters and s epoxide functional groups. 24. The nethod
as clainmed in claim?22 wherein said |inking agent |s a straight chain or

Wherein | sai d oi ImAGRNCE BRI RIS thablsOneo s ﬁ‘l”@r}?&mg%?ﬂf%—a) 2%)

?gig)e')“ é(me?éniﬁ]oggga%gegﬂ)oﬁcaﬁé(ﬁbl’&ﬁbé%@ﬂ%&ﬂ%ﬁ ihlichTuttichal R i

clai m-21 Vmﬂis%bﬂle‘éa(u% by%@ﬁt)mewlohéxanéieFeut ml/ehif rodihqnnues injected into
consj sting of ~netfiyl sifane di net hyl sil ane,, siran

di si | ane, ~vitmg thestma) CdMD chemiber.c JbEsolytian ighanted in the chamber to 250 C in

"si Iacyol on@ iEAeS FRPLREEH A0 2 0 sPAfber refifis, a7 ieted lsos ©

vinyl ni et hylysid BQ@sesCWbl]‘f'@r?R@d 'nﬁ |rﬁ§ﬁifol&i§r rhietfirst mbnﬁdileﬂplpae@&OO .scem

ni et hyl di srl'ane; tetraet ~thyl~silicat.e,~ tetranethylethylsiiicate, ~ ,
.~ ., 16 meff hiexaniethyl itiyady ¢ %m'loaaae (vaporfromrareessel of tha iquid bgataskto
teistiy behz%%%) and the second supplies 40 sccm of oxygen. The siloxane functional
groups on the POSS and trisiloxane react with O2 in a partial oxidation
reaction that reacts with some of the hydrogen atoms on the compounds,
forming radicals. These radicals polymerize on the 250 C substrate wafer to
20 form a low-k deposit. The monomethylsilane and trisiloxane compounds

bridge between the siloxane functional groups on the POSS forming

additional cage structure.

While this invention has been described with respect to particular
25 embodiments thereof, it is apparent that numerous other forms and
modifications of the invention will be obvious to those skilled in the art. The
appended claims and this invention generally should be construed to cover all

such obvious forms and modifications which are within the true spirit and

scope of the present invention.
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21, whe~rein said |inking agent is a-n . . .~ organic pe-~roxides~sel ected

fromthe group con.si.sting of b~ enzoyl perpgxi de, acetyl-benzoyl peroxide,,
di acetyl: peroxide, ditert-butyl peroxi de di methyl . peroX de~ and
per oxi des havHﬁglr@ thusadegribed-the invent®th, what wdkfsimgshod as clained in
claim 21 wherein said polyhedral ~oligomeric . |, .~ silsesquioxane is
di ssolved ~in a solvent prior to~ addition to sai d chem cal vapor

rmed in, claim28°

deposi tion sygtem as, ch

wherein , sai d’{ssol venrp | sOdsjg L?O%IERS %nli%%gtdrﬁ@e irig Whg.sﬁmﬁgnductor or

of . cycl ohexariate ate oieguinsn PR ti si l.i cone

sol vents and tetgrrahydr of ur anﬁ?&eé? %{E@ g%%(lé I’'s gg yh)lé'ﬁhﬂ ﬁ%@ Hg cl ai nmed
inclaimil vwfélrs@ﬁﬁumaemnd/aémkmg agegbm chenﬁcdl%é@ﬂd@ﬁ@gﬂoh?préé@éé med
in the vacuuqbgg%rw)‘;){er b J%Js ecfS ubl i mati on heater in the chem cal vapor
.deposi tion sy 9 ' APy é@leﬁ@(c ma,berpal A A ASe. AGE A2 . AL R5$:
ub6D845 6DC

88( 8#. #. ooooooooo|||~ooooooooo 2999999999999999999999~ 7~ oooo|o>|oo PP DD

~90~7 52>~ 2T @ PRAPRE 2 ETaiersad fr SO W 20 tig? -2~

%g} ~e~’)a’)’)’)’) rbg
~P~7~?~ 77' ~7~>777777¥777|7|777777777777 7 2?7?77~ 77<~78§ ;]ég g Bg% 79>>7

52| 5| 57| >2>59595840xz ]‘9|°®m9<awad~has’emefq>rmalp'&rxp?g,,'{R%R’?)f(?{mvwhe?a'h????? '> |
P??????7~ ’7 ’7~ 27~ 258??7?7?777 ’7’7 ’7 < ’7 ?~X ~
|<">">">'>">$é">'>'>'> Y W@%@Eg ﬁ‘)@@“iéﬁ%iﬁbﬂ%f? 0 herqlril(ﬁ?(éf |achRQace| >'§| '>§

2x 222272777728 o 2223 999 2529 C
X ’b?gé’ﬁ’ ¢ bt Koot Rl?l%ﬁgﬁéP l>0’{.l,;) A |3 tp&gf)ﬁfﬁ % 5

OB %t. #. ~~~~~~~>222222222>C| pO| | x?222777" %. 2292227772
>?| xxX?2x?x| ?2~~?" ~>~~9 27~?7~ 9>~???????8??????~x9|9||° | 2} ~ <~>~oo 2~7~?2~?| ?2p?
PP~ ~ ????? 2577 <?? ~9<>999>???????? ~?22>x| ?2>? ?>~72222222?2~2?20?8?~?7?|
8>’>| <| <?| 2208 7~ |p| E\SEQ? __meﬂ?m?okambwhpvamv]s@?wcmb??????p |~|

292222227~78 22909999999993099999999999° 02997 279999922229322227997
oooooooooooo&@%gg)@ty | @WZ({%@Q% vhnerbesenalone erioethy], 7pggRepion2027~0

..................................

2| 20| 2?2<??2?? 2 ? 22292 >9999 272722727
91?’?g|?xg’?’?p’>pﬁ§@3%5§>§3§@@>§£0’9§9>’>><Q§ &glﬁ %@%l’ﬁ;% g&)&l i ardrirdririt
’?’?’?’?’?’?’??’ﬁ??wde’mnmmup§????????.< AsGlSBD"

@ Li x" db~Qu| wr mhb] X] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cal
ca] ca] ca] cRa] ca] ca] ca] ca]ca] ca] ca] cal.calU] ca]caluT,HJ!}~gu / w

| ) capy] oa) wa) caf Ra o) o) 48 PEAER Al CYBEIiRlsa itkng agdilsd °*! 2>
" O#Ke## ' Syaiph) Ehaimiot- &ydic/SieREABK2p2y 2| 23A3R3Y3j 3} wr mhb] W U] ca] caU] ca] ¢
a] ta] ca] c”a] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] '
ca] ca].ca] ca]ca!j 366*7777899999: % r ===>

?- ’71’7h’7dAAA S

ca] cal ca] ca] ca%&%%@?%ﬁ%ﬁd %@T]A]%g‘gﬂc]glﬁclg] P ;glaﬁfh]ﬂﬁ:%&}sﬁgm&%gk
nBSx S{ STUUU

3 V~XV\S/\{/\¥/\¥/\$X%KKW] formula A-Qer oSikdaGHaRa el xisy 49 Sancteqidagycg cal cal caj ¢

2 cal cal cal cailoxaheiasahedbanbier} OB KA GRL pALRERERIS 3B dnd 17 j = BIOPRTOXS(S

V~VVWWB X%k YYYY| wr mhe Y] U] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cajc
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selected from the group consisting of methylsnlane dimethylsilane, snlane

disilane, VInylmethyldlmethylcyclotns|onane, d|meth-yls|la-o.xocyclopentane',
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LO%&! ()=M i XV} [ <1@ 104L4ni 10%4& () -s! (Lan 1996\ <\ & ()-5&1 10% & (- -
10% & () -1 N'100B\DA & () 1 " 109008 () - " dbnK@
104L4nf 1! F" 109%X%Lgxy sum/&vebohexmwm@e slla@f@omta%oe@a@ethwslloxane

6" SHLOVE ()~ PHTORE S0P SRRl s ool eperteidome erirayichany siene,
iggg%g:ﬁ&( §) Im&jl%l&léane_tgtzrl\a/leiha//&eéh)(flllSiﬁ%%reme&Hewgﬁlllc@e O _
104, / 1095& () -t y{s@wmethylc%ﬁ& SilviteHSHERILiy D driAND B lofReheIB8 () -
}INGS 10 1Q5 1GOSIlylcyclohexane and disiloxanes having the formula R (R )enOSI,_ wherein R
| and R’ are selected from the groups consnstlng of hydrogen, methyl, ethyl,
- tert- butyl vmyl ethoxy, methoxy, phenyl and halogen and nis 0 to 5.

8. "The method as claimed in claim l wherein said linking agent is an_
organic petoxides.selected from the group co'nslsting of benzaoyl peroxide,
‘acetyl-benzoyl peroxide, diacetyl peroxide, d itert-butyl peroxide, dimethyl

peroxide and peroxides havlng C,.to C,.

9. The method as clalmed in claim'1 whereln said polyhedral ollgomerlc
snsesqunoxane is dissolved in a solvent prior to addition.to said chemical

vapor deposmon system.

. 1'0." The method as clalmed in-claim 9 wherein sald solvent is selected from

" -the group consisting of cyclohexane, benzene, normal and cyclo siloxanes,
volatile silicone solvents, straight chain and cyclo siloxanes with methyl and -

hydro functional groups and tetrahydrofuran.

11. The method as claimed in clalm 1 wherem said polyhedral | ohgomerlc
snsesquxoxane is sublimed in the vacuum chamber by a direct sublimation

“Heater in the chemical vapor deposition system.

12. A method of depositing a-low-k dielectric film 6n a semiconductor or
integrated circuit surface comprising reacting a polyhedral oligomeric
sﬂsesqunoxane and-a linking agent in the presencé of a plasma in a chemical

vapor deposntlon process thereby- formlng said low-k dlelectrlc material.
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ARG S o A e

- -Arid Can Barfde frbablbit 6 herei d REar

13&09AF\ o (1 §) 0Miﬂ@Sw& ()- 1Krggb62yr2| 23A3a5bé° 940 Y eﬁﬂn’%wﬁ& and R 0

-Z210% & () - 9168 ﬁ” 0r|&ydcon functional groups or-a combination of both 9 8‘21; 0%\ bl &
"10%\ & () - A335666*7z[<b@510%& ()-YS110% & ()-f &$10%& () - PN &$1

()-!pf &S10% *& () -1 f&S10% \ & () - *777777789uV7- | 10% & () - 10% & () -
Fs10% & ()-&10%4& ()Thelﬁleihd@as clalmed in clalm 13 wherem nis 8,10 or 12,

15.  The method as clarmed in claim. 13 whereln said R',R?, and R3 are

selected from the group consistlng of vmyl oxymethyl, oxyethyl pentyl,

cyclopentyl, cyclohexyl, lsobutyl norborenal norborénoethyl; norbornenyl,

chlorosnlane silanol, alcohol, methecrylate hydromethylsnloxyl esters and
"5 epoxide functional groups.

1'6 The method as claxmed in claim.13 wherem Sald Imkmg agent is'a
. stralght chaln or cyclic snloxane '

17.  The method as elaimed- In cleim 13 v'vherei,n' sald straight chain siloxane
has the formula (-Op-1SixH2(CH3)2,) wherein x is 1 to 6 and said cyclic
siloxane has the formula (-OxSixHi(CHs)) where X is 3 to 8 and i +j=2X

18.  The method as clalmed in clalm 12 wherein said hnklng agent.is
selected from the ‘group consxstlng of methylsnlane dlmethylsﬂane silane,
disilane, vnnylmethyldlmethylcyclotns:loxane d|methylsna~oxocyclopentane
Cyclohexylsuane cyclohexyldlsnane srlacyclobutane tetramethy!dxsnloxane

5 cyclooctyls:lane vmylmethylsdane cyclopentylsnlane tert- butylphenylsnane
methyldisilane, tetraethyl-ethylsilicate, tetramethylethylsilicate,
dlmethyldloxymethylsnane silylbenzene, disnylbenzene tnsxlylbenzene
disilylcyclohexane and disiloxanes having the formula Rn(R)5.,OSI, whereln R
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ert-butyl, vinyl, ethoxy, methoxy, phenyl and halogen and n is 0 to 5.

18.  The method as claimed in claim 12 wherein said linking agent is an
organic peroxides selected from the group consisting of benzoyl peroxide,
acetyl-benzoyl peroxide, diacetyl peroxide, ditert-butyl peroxide, dimethyt

peroxide and peroxides having C, to C.

20.  The method as claimed in claim 12 wherein said polyhedral i oligomeric
silsesquioxane is dissolved in a solvent prior to addition to said chemical

vapor deposition system.

21. A method of depositing a low-k dielectric film on a semiconductor or
integrated circuit surface 'comprising reacting a polyhedral Ebligomeric
silsesquioxane having the formula $i,0, 5, (R')}(R?}(R%),, wherein n=i+j+k and
can range from about 6 to about 20 wherein R', R? and R® are organic or

5 silicon functional gfoups or a combination of both groups and a linking agent
in a chemical vapor deposition process thereby forming said low-k dielectric

material.
22.  The method as claimed in claim 21 wherein R' is 8, 10 or 12.

23.  The method as claimed in claim 22 wherein said R',R? and R® are

selected from the group consisting of \}inyl, oxymethyl, oxyethyl, pentyl,

cyclopentyl, cyclohexyl, isobutyl, norborenal, norborenoethy}, norbornenyl,

chlorosilane, silanol, alcohot, methacrylate, hydromethylsiloxyl, esters and
5 epoxide functional groups.

24.  The method as claimed in claim 22 wherein said linking agent is a
straight chain or cyclic siloxane.
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.26." The method as claimed in claim'21 wherein said linking agent is

selected from the group conslstlng of methylsilane, dlmethylsnane sifane,
disilane, vrnylmethyldrmethylcyclotrlsnoxane drmethylsnla oxocyclopentane
cyclohexyls:lane cyclohexyldISIlane srlacyclobutane tetramethyldlsrloxane

cyclooctylsrlane vinylmethylsilane, cyclopentylsrlane tert- butylphenylsrlane '

. methyldisilane, tetraethyl- ethyl31llcate tetramethylethylsmcate _' _

dlmethyldloxymethyls|lane srlylbenzene dlsﬂylbenzene trlsrlylbenzene

disilylcyclohexane and disiloxanes having the formula R,(R.,0Si, wherein R .

and R’ are selected from tne groups consisting-of hydrogen methyl, ethyl
tert-butyl, vmyl ethoxy, methoxy, phenyl and halogen andnis Oto 5

27.  The method as clalmed in claim 21 wherem said linking agent is an .

.. OFganic peroxides’ selected from the group con51stmg of benzoyl peroxide,

acetyl -benzoyt peroxide,  diacetyl peroxude ditert-butyl peroxide, dlmethyl :
perox1de and perox1des havmg C, to C ’ '

28.. “The: method as clalmed in clalm 21 wherem sard polyhedral lollgomerlc

- silsesquioxane is dissolved in a solvent prior to-addition to sald chemlcal

* vapor deposition system.

- 29.  The method: as clalmed in clalm 28 wherein sard solvent i is selected

from the group consisting of. cyclohexane benzene, normal and cyclo- E

sﬂoxanes volatile silicone solvents and tetrahydrofuran
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heater in the chemical vapor deposition system.



