¢3eM[ (~6T! METHODS FOR FORM NG LOW K DI ELECTRI C FI LMB Thi s appl I cation
clainms priority fromUS Provisional Patent Application Seri al .
601299, 409 filed June 19, 2001. FIELD OF THE | NVENTI ON The present

i nvention mmu“mmnmmm met hods for forming a lowk dielectri
sem conduc rated circuits enploying a pol yhemm luw ﬂ ﬂiﬂlorret ric
si | sesqui oxanecowbddr e particularly, the present inventio usi ng

t he polyhedral oligonetric silsesqui okane and a pol yner I|n1u9nﬁg* agent to
forma structure that when applied as a filmw Il have an ultra | owk

NVENT] O The | ner MEEPDBR ERR BTG RE-E PELERRITEINNG T eature size

reduction has resulted in increased | evels of interconnect and i ncreased
utilization of dielectric lowk thin filns. The dielectric filmis used as
i nsul ati on zo arkhisdpptication ¢laiess pifiority dfeam ¢S Bnovisional Paiené Applicatiom RC ti ne

constant t tr the sem conductor industry has
strived toh‘-?a%r!ﬁji\B’ ﬁ@éf@ gﬁ%%ﬁv(dq; ?§+.20Q, e of copper netallization, the
push to.the use of |owk diel ectrl cs is to reduce capacitance (C). Reducing
capacitance by lowering the dielectric constant k to the inter and intra

| evel dielectric (ILD) film zgiEan OPTHEENVENMTIENPEr f or mance by reduci ng
the RC tinme delay, decreasing the cross tal k between adjacent netal |ines

and | owering the power dissipation. Traditionally, the material of choice
(o7 e DT Sl S Bl BBl LS REnPSBRGRY 151 0
dielectric film on semiconductor or integrated circuits employing a polyhedral
10  oligometric silsesquioxane. More particularly, the present invention provides
for using the polyhedral oligometric silsesquioxane and a polymer linking
agent to form a structure that when applied as a film will have an uitra low-k

dielectric constant less than or equal to 2.6.
15 BACKGROUND OF THE INVENTION

The increase in semiconductor design integration by feature size
reduction 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 ievel dielectric (ILD) film

25  can improve device performance by reducing the RC time delay, decreasing
the cross talk between adjacent metal lines and lowering the power

dissipation.

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

30  which can be prepared using silane, disilane or siloxane precursors in an



roxi di zing environnment. The nost popul ar deposition techni ques for
depositing | LD are chem cal vapor deposition (CVD), |ow tenperature

pl asma- enhanced CVD (PECVD), or high density plasnma CVvD (HDPCVD). However,
the dielectric constant of the deposited SiQ2 is relatively high at 4.0. As
the sem conductor industry noves to smaller width netal |ines, |owk
materials nmust have snaller dielectric constants. |ndustry publications
have indicated that lowk materials witzh k values from2.7 to 3.5 would be
needed for 150 and 130 nm technol ogy nodes. When the indusjry noves to 100
nmio techexitiping enviraimentsi Evesmost papulaadepasitiog teeiniawes fi ra | ow k ( ELK)

materials having a k value from2.2 to 2.6 a t K) materials
with a k vden@lﬁi&!;'-@ REg chemicg! P’Ppﬁ%é %%%%@B#Hé‘%ééﬁ%%@%tor i ndustry
has devel oped se oAli3) ba! S Kigh idensRy bRens CMDE (MDBOMD e t hat
are inor gaﬁ(e m%%ﬁ@%ﬁ%é“gr hyﬁél(gvﬁ’t%rrrimgvs. Tﬁ%ge mat eri_aIggDQan be

deposi ted pywaiveRahedisiBttiel conatamt ofépmdeposited SXNM)is celagipeli-nieh abpdsi t i on
(SOD) met hods. The CVD technique utilizes existing vacuumtools for
depositsng Si 02 that include | ower tenperature plasma enhanced CvD ( PECVD)

and high density plasma .CVvD, ( HDP- . %ﬂ-@%g@:ﬁnég’nawcoat ers
t hat have shompﬁet}‘?érengﬁ?%%%‘?tgﬁn@/% ﬁ%ﬁ%gr byI I ntroduci n&pores in
nanomet er  gipesriaNeMRst g@@é‘éhﬁhér giefdttiis chmstanssilhilustre pgblicasions$@Ye car bon
or carbon ftluorine based filnms and carbondoped Si02 utili CVvD %e hni ques.
@é Bep ‘F@ar yl ene

Material s sndibated thel lpiwk deatetigld vatiek valuesd&unilok ha.- o We
th be d i ted usi OD 2s techpj , f
Cechnol ogi 6 150 PravPRMaasinaipay Badesc WA T reusRY THouss & OFhoR!

denonstrated ,in,the : . Bk 8addw-K @ELK)ewer

al t er ndfj vE&eChogy eiﬁ’ gjgfg&é%log? b%gﬂ‘gw g 2 ¥ofr'uné:\'t?rlf1)%?(rat erial (;ELSO)_ in ELK/ ULK
appl i cat i Ogﬁa ofiBR ABSE Btk VAlue fitone 2. tooRiboare diltna lowvk (it €} materials With use as
extra | ow |eﬁectric D precursors in extra [owk CVD materials for the
seni conductak vaheusess tharG 2awilltheenekesisaBs of the semi conductor industry for
| ower k value materials, new lowk CVD nmaterials are being sought. The
present invention provides a novel class of conpounds useful for formng a

filmon a sem copgy Hubitraed@tethas devdlopdy severahpvak raaterialstosor for
the filmforned V\he%é'ﬂce&cgrrpound igw?;lppl ied. io SUWRRY OF THE_| NVENTI ON

Pol yhedfsal rebisgensiidarcdiskidedhguamexangarimseyaninayinygid roaterialsy Hiese

f ti I ttached t il i d D h

ol ecul e anetasals 63@ReteRasTRL LY. STEE Cham A Y ABEESASHisY [EVRLF o,
chanmber or a.i | . 1 C ane Qﬁﬁ@% tiliesodhastirgr to form
an ultra IoW'h%(ﬂp%%%{cE?t}oﬁﬂ(wpﬁﬁb&nﬁgﬁgé 1spherafacelt%f seni t(':icl)ndt?ct ors and

i nt egr at ed gidifith téols ToraddpesRingSi,that include lowablamperatune RIasMAki ng agent
in the CVD chanbers, w

e D e RS and Mool bEmcUE FgP Gl et ol ectri e
(520 (20 SBD i U855 Sy RefSEaL 418 EF0Mh ponP stemabiR wescon <
bot h groupsyy K 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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 2s The present invention relates to a
nmet hod of formng a lowk dielectric filmon the surface of a sem conductor
or an integrated circuit conprising reacting in a chem cal vapor deposition
chanber a pol yhedral oligonetric silsesquioxane (POSS) with a polyneric

| i nki ng agent thereby depositing on the sem conductor or integrated circuit
surface and formng an ultra lowk 30 dielectric where Kis |less than or
equal to 2.6. The PGCSS nol ecul e has the3 4 general fornmula of SinQ 5n
(R1);(R2), (R3)k, n=i+j+k and can range from about 3 to about 20 wherein R,
R2, and R3 feF Bseagaxt@ lew dipleckis CYDRrecymsars iy oxtm lay-kL¥Bmatedialon of

bot h grpupsfofMggerB%rohhag{ongq/USt i R2, and R3 are selected fromthe group
consi sting of Vvinyl, “oxyfet hyl",” oxyet hyl, phenyl, cyclopentyl, s

cycl ohexyl, isobutyl, norborenal) norborenoethyl, norbornenyl,
chlorosilane, silanol, alcohol, acrylates, particularly nethacrylate,
esters and expoxXGives.thadesiies of thecsemicandyeton indusény fnaf;:vw kev@ueyed in the

e S S0 oK B o R Bl BBl B ™ °
structures p%gidlégpd{ ﬁé\g%tcgﬁsy& &&m t%&g&%&fw{)‘e@%q glfhmca-péal ns 12 silicon

atons) (I1) contains I con contains 8 silicon atons.

The | i nki ngsemgieohductoeorimbegratatl ticcuiteac icting s bhreBAISSr far theilm t her eby
pol ymerizing form ng a pol ynerized npl ecul ar POSS structure into a
cont i nuous PrmMad mherctessoropeunskisiapmtigdet or or integrated circuit surface.

10 SUMMARY OF THE INVENTION

Polyhedral oligometric silsesquioxane (POSS), having a variety of

functional groups attached to a silicon oxide cage structure of the molecule,
are employed in either a thermal chemical vapor deposition chamber or a

15 plasma enhanced chemical vapor deposition chamber to form an ultra low-k
dielectric film on the surface of semiconductors and integrated circuits. The
POSS molecule, when combined with a linking agent in the CVD chambers,
will react and polymerize to form the low-k dielectric film. The POSS
molecule in general has the formula Si,0, s, (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 deposition 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



s This reaction will occur via radical polynerization. The |inking agents
may be selected fromthe group consisting of, but not limted to,

nmet hyl sil ane, dinmethylsilane) silane) disilane,

vi nyl met hyl di met hyl cycl otri si | oxane, dinmethyl sil a-oxocycl opent ane,

cycl ohexyl si | ane, cycl ohexyl di sil ane) sil acycl obut ane)

t et ranet hyl di si |l oxane, cycl ooctyl silane, vinylnethylsilane, io

cycl opentyl sil ane, (nono- or di- )tart bdtyl silane, tart-butyl phenyl sil ane,
met hyl di silane, tetraethyl-ethyls e, tetranethylethylsilicate,

di net hyl di cggnﬁéahfpr@ulaa@ Qi anyRaéRz)(é%e),k, r@ﬁlyﬂkﬁrﬁbm@r@gq from abowdnzene,

o YL BROO Y SR RSIRS F U M GAE o T Ul R ey

be sel ect eda bombiriTiohss KHMRWPOGAN VB PerRLIMIROCE anderTurle sl

tart-butyl, vinyl, ethoxy, nmethoxy, phenyl and hal ogens. QG her |inking
agents may fedradhée md)mpjeosslstmg;bt vioplaorymiethyk,axysthylicrheanyl, Styepentyl( CH3) 2~HzZ
where n is 3 Th rese i nvent ors hav als f oun ani c

o oxi s <HlPhaxyb AR, BErRoRP TRl NerBargRoaM S BbaaP B Gdoramatier v

per oxi de, es havi ng
C to (G5 a(rjéeltaﬁﬂ g(li:’c%&%h\/\d(la %@ i%n@ée tsbﬂdcrﬂgfeoié'ggegrﬁ?’?@nv nti oe% The
conpounds containing the S|IyI groups are partlcularly suitable for
formation of radicals to |link one POSS functional grou to another PGOSS is

functional groupARgthst Bimidtipaakgroppdhatmay berempleied iy the mateduebiie and

cycl ooct asi | a contatn | r|n structures i.ch ¢ rease
the space duREa R RRdh Al oshhod pBbingheiRbeld) Bui TR GHEkNG ¢ he
pol yner jezatyRére K 3 Barge | nk| ng agents in the radical polynerization
CVD can further reduce the dielectric constant using the POSS nol ecul es and
the 30 linking agents. Silicon conpounds with tart-butyl groups wll also
help stabilize the silyl radicals and the t-butyl grofips nmay act as

"l eavi ng groups" that w R incr orosity OF X heofilim during subsequent
anneal s at 250-400 C||1$girfho s§V|ronnent au 6¥|da tion to renove

hydr ogen atons can be e m ng silay a the foll ow ng
exanple. 2 RRSIiH3 + Cg_ 2 R— i 2 H20 t s a deficit of
oxygen, silane has beem. mn t S|Iyl al s stay in a

nmet astabl e state (mhlch' B% “Ped byrgggcoprlp?e ‘Rakce of
functional groups such as guﬂ%/ r cyclo organi $=Thli s netastable state

is maintained until the sin! radi cal conbines wt not her functi onal
group sometines in an explosive manner. This tendency is to formsilyl

radi cal s can be exploited b{ putting a small quantitﬁ of oxygen, ozone or
peroxi de conmpound in contact)with the silyl groups di)several of the

| i nki ng agents descri bed above and formng the silyl radicals. Methyl

radi cal s may al so be f oft afﬁ m | ar manner, but they are even |ess
stable. The |ess staﬁl ghadi cal s may al so participate in this
reaction. The silicofi® é es of the PGCSS nol ecule may al so be open
such that the functiogalymateAiBs fromthe pol ymeric linking agent attach
to the open side of tRemngilic xi de cage. Another nethod for formng the
low-k dielectric film “RE~Rs enployed in the present invention is
with the use of pIasEEZHR are known to create radicals by electronic
bonmbardnent in a pla field AMethyl silane radicals can be forned by
creating plasma with or without the presence of a small quantity of oxygen
that activates the nethylsilane. These radicals can then subsequently react
wth thg functi onal groups BS the 30 vaporized PCOSS materi al . The ot her

| i nki ng~agents nay be trea in a manner simlar to that of the

met hyl silane to create radicals that are then enployed to polynerize W th
the gas phase POSS delivered into the CVD chanber. Typicall t he POSS
conpound is a soTrnejabgwee]mfmwarastmtul@s(ﬂrgzs'eatasentatwe\mféhe ver, in sone

i nst ances, a avin e..POSS, for p t he rticul ar
synmetry arf80 t?ﬁpk’cuq?)aa ’%1595!%8“@69"&?%@0% 1@&“%& ag,‘?/ﬁ cad}‘ffiﬁ‘tl } ons.
The PGSS mydgphiink S"\éliéorp%o%s'sso' ved in an appropriate solvent noderate io
vol atility such as o# C ohexane, benzene, normal and cycl o-sil oxanes,




‘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 material can be delivered as a sublinmed solid in a pure
is formto the CVD chanber. The solution is injected into a region of the
reactor where the pressure is between 0.9 and 10 tort and the solution is
heat ed above the vaporization point as5smeasured at 1 tort for the selected
POSS material. Typically, this is around 100 to 450C. A stream of the
vapori zed gas at vacuumwoul d be injected into a stream containing the

tivated Iinking 2o agents. Und h i 1 '
Gener at od by pal i AnKPBEESTGH s BPISNRR ROk W e POEFS PRARER® Ramber or
by passi ”ggfegégﬁgﬁlgﬁ‘ewmf{‘ﬁ@ ggm &lzed olepuRatROSBYtiuturegatd ar adi cal s

that wl | I'ne 0SS and solvent materials., This

conbi ned f bgutinidds filfeformad orversenticonduaterionategratas GrcuitsUitageed from 200
to 450C dependi ng upon the appropriate conbi ned POSS nater i i nki ng
agent' ss pr Gpisrneastion MilkboeTiVid 6@‘&0?%'03%%%"% ﬁ?e Fr}h"%%ragf’ﬁtf @ug%ﬁ t is

typically a si|igon fer an N, : } ¢ . 30 Some
advant agesS%‘P"k%qcﬁ%m\g%g§r?w%Oﬁﬁg}"{ﬁgﬂbe'[lﬂ)&;ﬁﬁ{tgg]rt%{mfg ?@Fgggbe can be
sel ected alyhy RNBAY Gidhel B1Tne CaiRTstisgoinwstnylbgolotiisdoxana,ne density wi th
SiG filmto see the reduction; (2) free s_éace betweerlld,P, S cages can be
?Rgl neFr eddgaemglﬁilafc{xecydfﬁeyﬁ@%oyCloh@fééizj lnﬁr exglekeryidig T3) f

er mal - nechani cal stren , rdness. no : r , surface
roughness, Sﬂ@@ﬁ'%ﬁ?% téﬁ@m?é'%ﬁgﬁﬁ%?’g;I°¥g'?9§$(?sé'%’2§h?ﬁ%%"zér:§?jt%ﬁ | i nkaget
precur sQr : n i Deart- - t&rt- ilaner s per mnute
of cycIlghe%gﬁlggﬁﬁlﬁlgbgh{rg?ﬁg %ﬂoﬁp?yrt rraggploﬁﬁoss g(lljprrﬂét eyri al) a chemi cal
m xture of Rahylkinsiaab, Bticetwethysiticateptdranmthplettdsiicalfds cont ai ni ng 82%
CZaHssSi ~20~s, "~ 16% C20H30S110015, and 2% g ﬁl)o—‘gaﬁ a0~5r. il Mn?eﬁﬁt ed into a
chanber opleiimethquhoxﬂnﬁﬁ\lﬂsdﬁﬂe, Sﬁh/_@%leﬁ?i I8! ¢ enZgi% é%'yi 6 tHe chgn"rg\lerl_
using an ul trasonjc nebuli zer. . ; i ims

g qﬁ%@fqﬁl%ﬁaf‘ﬁ ang |ﬂ>§@bggeﬁgv}nﬁ fg! dh\é‘?ﬁlcélrf@rrﬁQ alRI(RN, [OSi

droplets al vapor Ization before comng 1 n contact

with the W%r&\n}é@ £ S THeaR efdiR #5606 in thesdipitoxane maybecelested

met hyl si | ane was flow ng at 100 sccm and oxygen £l owi ate 20
sccm engser ifrgmiting graupecamsisting of hydragemnetivh %W'd?%@‘\é\ﬁi Vgﬁ’gv%tﬂgﬁ% MVB

mani f ol d. Reaction occuyrr n the 4\ f C i el n | ocalized
deposi ti on.mﬁW%MnB'&Wﬁ&"sﬂpgog@%eégﬁﬁpgﬁgogﬁtt%%ﬁ l\%ﬁilﬁﬁdliés) gener at ed
by the react ofy..4 j goen . aod3 wheranés Bo BheThbsence of a
POSS mat er i W&ynéehﬁ%wiaﬁéstaﬂughtﬁcﬁﬁg'é)goof _s%}ngos_i tion occurred. This
denonst r at gsrek bRt ipobtoRs haet iatso foend thatrorgarisgspuides SHCh @8 BENZRYt er due to
the interaction of the nmethylsilane |jnki,ng agent P naterial .
POSS nay bepefokidee peetylengri! PEraxes, ?C?}y‘g%%fgﬁﬁ’ea%%‘ﬁ@ﬁgn@gggw th a
subl i mation chamjer. Ei r i | 8. 8fd BR&ctRet aemikindgie 30

net hyl s#9 an@{"eg@d’Wé'H%%&dré%H%gﬁgﬁaﬁL@gmg e. The vinyl POS% mat eri al

9 is heat e%%é"htgi e praedt Mvanrtien. that is about 0.1 to 5 tort chamber
pressure. POSS chamber is heated above the 200-300C tenperatures

necessary to volatize the POSS at the pressures of the chanber. The POSS
vapor is carried_to the chanber, usin ol A G@able/forr gon,
the hotpl ate hol ENRGOMRS F&onf%nwggpggﬂwgﬁéfﬁg%g%%m?ﬁleér%ononet hyl si | ane
radical s fromdienRliadRaka8 thi Ui POBS fREfotalroiptabingthenPOSRA form t he
| ow- k dielectric matterla1a on the wafer. In another exanple, PQOSS
( C-sH58€2S| fumktivhalngrBupidyostabitiziggaagisalformation.2 Gyslatjsiloxane hydr ogen
Jrotp on eag;]clgéclztla(s:i(l)annel gonetgicnhiafrguenlgl%é %pralctu%é) WRich>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



di ssol ved (4% by weight) in cyclohexane. Four m/mn of liquid is injected
into the thermal CVD chanber. The solution is heated in the chanber to 250
Cin a heated netal nesh at 1-5 tort chanber pressure. The vaporized gases
t hen passes through two ring manifolds. The first manifold supplies 100
sccm ~s of hexanethyl dihydro trisiloxane (vapor froma vessel of the
liquid heated to 128C) and the second supplies 40 sccm of oxygen. The

sil oxane functional groups on the POSS &nd trisiloxane react with 02 in a
partial oxidation reaction that reacts with sone of the hydrogen atons on

t he conpoursiabilizethe silyl radicalaland theddwtylgroups mgycastias: ‘ieavirghgraups250 C
substrate fer.to 20 forma,low k deppsit. The nononet hyl si e .an

riei | oxandneonitnEeseHamatShEdIREnG seRuer Aesdn 2l 280aLon ¢ he
PCSS form ng irbheR @hviF8aRent.ructure. Wile this invention has been
described wt res%ect to particular 2s enbodi nents thereof, it is apparent
t hat numerous other fornms and nodifications of the invention will be
obvious to those_skilled in the art. The appended clains and this invention

gen_e][ al By shoul d°#dateridetionlp rnews BYdrRoEn AMS O§vi Qﬁl@"\pﬁmh%)hd
nodi ficati %ﬁ‘j@@'ﬁﬁ'@! %ﬁgﬁtg%ﬂewm'yt@ﬁémﬁét and scope of the present

i nvention. escr nvention, what we claimis: 1. A
met hod of depositing a lowk dielectric filmon a sem conductor or
integrated circuit surface conprising reacting a polyhedral oligonetric

si | sesqui oxane and a 2 RaBithgt Ggent2 R¢Sibl, dH2hi,0al vapor deposition process
thereby formng said lowk dielectric material. 2. The nmethod as clainmed in
claiml1 wherein said pol yhedral oligonetric silsesqui oxane conpound has the

formul §,Si ~Q, SWﬂgp)%hé{%?i)s%&éﬁaé# dof‘@&é@hPsi&?eﬂa’?b@é}%ﬁ@\ﬂnﬁ@?&% ttsilrlﬁ m about

6 to about 20 wher re’'organi ¢ or silicon functi-onal

groups or Fadraly which®iapin 4ehdtagtadipstats (wHibe cantbrostabiized dyned in claim 2
wherein nis 8, 10 or 12. 4. The method as clained in claim?2 wherein said

R, Rz, andppRsopriatesdioics elfunctionaligsogpoapcicansbutyl g cpeloaragnicshxymet hyl |

oxyet hyl , ntyl ... .c opent yl | ohexvl ... i soputyl .. norborenal,

nor bor enoet $¥n%8§%§hfgtﬁ?ﬁ ?fs 'Pﬁﬁ%?c'ng |“£%L’;hesﬁ"wg'??6%¥93'§f’&%?s, Wﬁbt hacryl at e)
esters, hy(HﬁMﬁéMhétiér%ﬁro@ﬁ'@oﬁleﬁﬁ@@ iflarf é&tﬂé&i?@?f‘\arﬁféﬂl%is {énd-éh@y met hod
as claimed in claim2 wherein said Iinking agent is a straight chain or
cyclic 1si | dadomn syl ratdieatsetdrobe expbitad rbydputting baimalbqudnatit iof oxygeh,st r ai ght
chain siloxane has the fornmula (-O-x ,~Si XH2 O—%&g~ wherein x I s § to 6 and
sai d cycl i OZNEAIRRFONLS GORPAUSIchin Comtaghydihihe TiMBIroH PRI te%eralofdheo s and

b-] o= 2X'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.
Methylsilane radicals can be formed by creating plasma with or without the
presence of a small quantity of oxygen that activates the methylsilane. These
radicals can then subsequently react with the functional groups on the

30 vaporized POSS material.



7. The nethod as clainmed in claim1 wherein said |inking agent is selected

fromthe group consisting of nethylsilane, dinethylsilane, silane)

di si l ane, vinyl et hyl di net hyl cycl otri sil oxane,

di et hyl si | a- oxocycl opent ane) 11 cycl ohexyl sil ane, cycl ohexyl di sil ane,

sil acycl obut ane, tetranethyl di sil oxane, cycl ooctyl silane,

vi nyl net hyl si |l ane, cycl opentyl sil ane, tert-butyl phenyl sil ane,

met hyl di sil ane, tetraethyl-ethylsilicate, tetranethylethylsilicate,

di et hyl di oxynet hyl si | ane, silyl benzene) disilylbenzene, trisilylbenzene,

di silyl cycl ohexane and di sil oxanes having the fornul a R~(R‘)6 ~CSIZ wher ein
R and R are selected fromthe groups consisting of hydroge nmet h

ethyl, tert-butyhe ofpefiinking aggits mey Retieaterhing mannerisim etﬁtaaHOn is0to

5 o 11 TBL e ORURhENARILA b Reiyhat BRI Ry P bR BB el e
acet yl - benzgylgResHuded®OSY déiRteréd n%% @% Qhérﬁbbr bww.ban)yertﬁé ipggsgdi met hyl

peroxi de and perOX| des having C, to . 9. The nmethod as clainmed in claim1l
wher ei n 5saiabmpdyritkisrabolid, igpmeeallyi atwmntbsmawqailmemwdes tHovemlergid samex

solvent prior, to addition to said em vap osition system 10. The
met hod as dP%t?HEBSq’HaEﬂ" QV'Rﬂé}P%Hbé%' «/‘g‘?ﬁeq NG UPRe the PRRIGHA e
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and hydro functional groups and tetrahydofuran 11 The met hod as cl ai rred
in claiml wherein said polyhedral oligonmetric silsesquioxane is sublinmed
in the vacuum cﬁaﬁt?@sﬁy“atedﬁal wdltb%d@wwgdn@ﬁnmr@pﬂa 8 soheent eederate vapor

sen cortuccSYRUR buSes 2 E5BRE e TERRRRMph ARY i SRy . "
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of a plasma in a chem cal vapor deposition process thereby mng said
| ow k di el estrggestatheatienlparticuariyl he Vidietileesilanes,asloxbaesmaddi n cl ai m 12
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a conbi nati on roups Ialrre in cl wher ei n

nis 8,1510 forml@théEVD'bBanbbhomhessom@lnrmﬂnected|uatlora lshiohef therematar R,
R2, and R3 are selected fromthe group consisting of vinyl, ox rret hyl ,

oxyet hyl , pehergithedfessperns betwesnePdnand 10 twwndﬂpe sohsionds beated

nor bor enoet I acryl ate,
hydr onet hyl%"%‘%@g Jg@?ﬂg%é%ﬂﬁﬂtgéﬁ%sﬁgﬁ‘ ah Pl th% %%‘gedfe)ﬁé$he et hod
as clai med mhatefiapi WﬁlaaWQﬁ@'lg af@irfll 100k B80T eAlsticani of iHeAV &ptirizeai n or
cyclic siloxane. 17. The nethod as clainmed in claim13 wherein said

st rai ght cmsﬁtwawmanwohhﬂsbe ingedtedrintbza $tramm conGhiliAg(toeFctyateddinking x is 1
to 6 and sald @icllc sil oxane has the formula (-OxSi xH, (CH3)~) where X is 3
to 8 arfd i

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



'18. The method as clainmed in claim12 wherein said |inking agent is

sel ected fromthe group consisting of nethylsilane, dinethylsilane) silane,
di si l ane, vinyl et hyl di net hyl cycl otri sil oxane,

di met hyl si | a- oxocycl opent ane, cycl ohexyl sil ane, cycl ohexyl di sil ane)

sil acycl obut ane, tetranethyl di sil oxane, s cyclooctylsilane,

vi nyl net hyl si |l ane, cycl opentyl sil ane, tert-butyl phenyl sil ane,

met hyl di sil ane, tetraethyl-ethylsilicatg, tetranethylethylsilicate,

di et hyl di oxynet hyl si | ane, silyl benzene, disilylbenzene, trisilylbenzene,
di si |yl cycl ohex8omeaadhahtageospusing ROS8dilmliaclloenl) intBraRfred spaicéd wher ei n
R 13 and R are selected fromthe groups consisting of hydrogen) nethyl,
et hyl , tertcamhe;/ﬁc,elect%at,thétmeszty,sorrtqvnbxgpnmﬁ@ﬁs»n c@ﬁgvehmadééﬁt @d nis 0 to
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si | sesqui ofi’ﬁ%&’ﬁgﬁﬁﬁgdteﬁg’s#‘@%“?ﬁ@f*gq 5~ (R), (R2)~(R3)k, wherein n=i+ +k
and can range from about 6 to about 20 wherein R, R2, and R3 are organic
or s sili CcEké’.‘:ltﬂé&i onal groups or a conbination of both groups and a

| i nki ng ag i chem cal vapor deposition process thereby form ng said

| ow- k dbelectric material. 22. The nethod as clainmed in claim2l1l wherein R
is 8, 10 or_12. 23. The nethod_as clainmed in claim22 rein sajd R, R2,
and R3 are 'Y Hﬁlﬁlét&"% Pe&hTY eg?rf&M%'ObS%%ﬁ‘%NhH‘d‘ Qﬁ”t@i"ﬁyﬂo\,% yna%mf
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to 8 and i designedd$ deliver the solution in 20 uL droplets allowing for the complete

vaporization before coming in contact with the wafer, which is heated to
250°C. In separate manifolds, methyisilane (MMS) was flowing at 100 sccm
and oxygen was flowing ate 20 sccm entering into the chamber via a manifold
20 directly above the MMS manifold. Reaction occurred on the 4” wafer creating
a 30 micron localized deposition. In comparing this to deposition on a wafer
which is generated by the reaction of methylsilane, oxygen and cyclohexane
in the absence 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



26. The nethod as clainmed in claim21 wherein said |inking agent is

sel ected fromthe group consisting of nethylsilane, dinethylsilane, silane,
di si l ane, vinyl et hyl di net hyl cycl otri sil oxane,

di met hyl si | a- oxocycl opent ane, cycl ohexyl sil ane, cycl ohexyl di sil ane,

si l acycl obut ane, tetramethyl disil oxane, s cycl ooctyl sil ane,

vi nyl net hyl si |l ane, cycl opentyl sil ane, tert-butyl phenyl sil ane,

met hyl di sil ane, tetraethyl-ethylsilicate, tetranmethylethylsilicate)
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1. A method of depositing a low-k dielectric film on a semiconductor or
integrated circuit surface comprising reacting a polyhedral oligometric
silsesquioxane and a linking agent in a chemical vapor deposition process

thereby forming said low-k dielectric material.

2. The method as claimed in claim 1 wherein said polyhedral oligometric
silsesquioxane compound has the formula Si,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 silicon functional groups or a combination of both groups.
3. The method as claimed in claim 2 wherein nis 8, 10 or 12.

4, The method as claimed in claim 2 wherein said R', R? and R® are
selected from the group consisting of vinyl, oxymethyl, oxyethyl, pentyl,
cyclopentyl, cyclohexyl, isobutyl, norborenal, norborenoethyl, norbornenyl,
chlorosilane, silanol, alcohol, methacrylate, esters, hydromethylsiloxyl and

5 epoxide functional groups.

5. The method as claimed in claim 2 wherein said linking agent is a

straight chain or cyclic siloxane.

6. The method as claimed in claim 5 wherein said straight chain siloxane
has the formula (-Ox.,,SixH,(CH,)x) wherein xis 1 to 6 and said cyclic
siloxane has the formula (-O,SixH(CH,);) where X is 3to 8 and i —j = 2X.

7. The method as claimed in claim 1 wherein said linking agent is
selected from the group consisting of methylsilane, dimethylsilane, silane,

disilane, vinylmethyldimethylcyclotrisiloxane, dimethylsila-oxocyclopentane,
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cyclohexylsilane, cyclohexyldisilane, silacyclobutane, tetramethyldisiloxane,
cyclooctylsilane, vinylmethylsilane, cyclopentylsilane, tert-butylphenylsilane,
methyldisilane, tetraethyl-ethylsilicate, tetramethylethyisilicate,
dimethyldioxymethylsilane, silylbenzene, disilylbenzene, trisilylbenzene,

5 disilylcyclohexane and disiloxanes having the formula R, (R’).,OSi, wherein R
and R’ are selected from the groups consisting of hydrogen, methyl, ethyl,

tert-butyl, vinyl, ethoxy, methoxy, phenyl and halogen and nis 0 to 5.

8. The method as claimed in claim 1 wherein said linking agent is an
organic peroxides selected from the group consisting of benzoyl peroxide,
acetyl-benzoyl peroxide, diacetyl peroxide, ditert-butyl peroxide, dimethyl

peroxide and peroxides having C, to Cs.

9. The method as claimed in claim 1 wherein said polyhedral oligometric
silsesquioxane is dissolved in a solvent prior to addition to said chemical

vapor deposition system.

10. The method as claimed in claim 9 wherein said solvent is selected from
the group consisting of cyclohexane, benzene, normal and cyclo-siloxanes,
volatile silicone solvents, straight chain and cylo-siloxanes with methyl and

hydro functional groups and tetrahydofuran.

11.  The method as claimed in claim 1 wherein said polyhedral oligometric
silsesquioxane 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 on a semiconductor or
integrated circuit surface comprising reacting a polyhedral oligometric
silsesquioxane and a linking agent in the presence of a plasma in a chemical

vapor deposition process thereby forming said low-k dielectric material.
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organic or silicon functional groups or a combination of both groups.
14. The method as claimed in claim 13 wherein nis 8, 10 or 12.

15.  The method as claimed in claim 13 wherein said R',R? and R® are
selected from the group consisting of vinyl, oxymethyl, oxyethyl, pentyl,

cyclopentyl, cyclohexyl, isobutyl, norborenal, norborenoethyl, norbornenyl,
chlorosilane, silanol, alcohol, methacrylate, hydromethylsiloxyl, esters and

5  epoxide functional groups.

16. The method as claimed in claim 13 wherein said linking agent is a

straight chain or cyclic siloxane.

17. The method as claimed in claim 13 wherein said straight chain siloxane
has the formula (-Oy.,,SixH,(CH;)x) wherein x is 1 to 6 and said cyclic
siloxane has the formula (-O4SixH,(CH;)) where Xis 3to 8 and i — j = 2X.

18. The method as claimed in claim 12 wherein said linking agent is
selected from the group consisting of methylsilane, dimethylsilane, silane,
disilane, vinylmethyldimethylcyclotrisiloxane, dimethylsila-oxocyclopentane,
cyclohexylsilane, cyclohexyldisilane, silacyclobutane, tetramethyldisiloxane,
5  cyclooctylsilane, vinylmethylsilane, cyclopentylsilane, tert-butylphenylsilane,
methyldisilane, tetraethyl-ethylsilicate, tetramethylethylsilicate,
dimethyldioxymethylsilane, silylbenzene, disilylbenzene, trisilylbenzene,

disilylcyclohexane and disiloxanes having the formula R,(R");.,0Si, wherein R
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and R’ are selected from the groups consisting of hydrogen, methyl, ethyl,

tert-butyl, vinyl, ethoxy, methoxy, phenyl and halogen and nis 0 to 5.

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

peroxide and peroxides having C, to Cs.

20. The method as claimed in claim 12 wherein said polyhedral oligometric
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 oligometric
silsesquioxane having the formula Si, 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 groups 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 vinyl, oxymethyl, oxyethyl, pentyl,

cyclopentyl, cyclohexyl, isobutyl, norborenal, norborenoethyl, norbornenyl,
chlorosilane, silanol, alcohol, methacrylate, hydromethyisiloxyl, 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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25. The method as claimed in claim 24 wherein said straight chain siloxane
has the formula (-O,y.,,SixH,(CH,)x) wherein x is 1 to 6 and said cyclic

siloxane has the formula (-O4SixH,(CH,),) where X is 3to 8 and i — j = 2X.

26. The method as claimed in claim 21 wherein said linking agent is
selected from the group consisting of methylsilane, dimethylsilane, silane,
disilane, vinyimethyldimethyicyclotrisiloxane, dimethyisila-oxocyclopentane,
cyclohexylsilane, cyclohexyldisilane, silacyclobutane, tetramethyldisiloxane,

5 cyclooctylsilane, vinylmethylsilane, cyclopentylsilane, tert-butylphenylsilane,
methyldisilane, tetraethyl-ethylsilicate, tetramethylethylsilicate,
dimethyldioxymethylsilane, silylbenzene, disilylbenzene, trisilylbenzene,
disilylcyclohexane and disiloxanes having the formula R (R’),,OSi, wherein R
and R’ are selected from the groups consisting of hydrogen, methyl, ethyl,

10 tert-butyl, vinyl, ethoxy, methoxy, phenyl and halogen and nis 0 to 5.

27. The method as claimed in claim 21 wherein said linking agent is an
organic peroxides selected from the group consisting of benzoyl peroxide,
acetyl-benzoyl peroxide, diacetyl peroxide, ditert-butyl peroxide, dimethyl

peroxide and peroxides having C, to C,.

28. The method as claimed in claim 21 wherein said polyhedral oligometric
silsesquioxane is dissolved in a solvent prior to addition to said chemical

vapor deposition system.

29. The method as claimed in claim 28 wherein said solvent is selected
from the group consisting of cyclohexane, benzene, normal and cyclo-

siloxanes, volatile silicone solvents and tetrahydofuran.
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30.  The method as claimed in claim 1 wherein said polyhedral oligometric
silsesquioxane is sublimed in the vacuum chamber by a direct sublimation

heater in the chemical vapor deposition system.



