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Lowk dielectrics obtainable by twin polynerization
Description The present invention relates to a

waolc@basiost c | ayer with a permttivity of 3.5 oPCT/EB®09/055092

and to a process for producing sem conduct or

onpopents c risi such ers. Wth increasing

RV ghie S Senertls SaA ROUERHERI 1 cui te (1O, The
performance of the interconnects is noving ever nore
besdripiohorefront. In addition to the conductor

materials, the dielectric also plays a crucial role in
order to achleve structures below 45 nm The essenti al
8@, nreseRERYengAN ralates fap dietactric laver yvithianarimiiviy|ca g9 less and to

peraveks foriptodueingakesicokdostor @snmhinehscioniptisiogsatialalrs.
synbol i zed in the English- speaki ng wor | d and

i nafter er mttivity | ess
Dl g adion eBS horuReslfo ahelid 85 g betlarange St the
@itafccmepisas moving elvem@orel torihe fopdfranhen pédlhon t0| thé cgndustor
tRddriakf tHehBel¥aas HIRD pYys (érbru&allolehrmo@%ﬂﬁf adhfeve GlruevR sdelow
hgwiTﬁ%Eg]egééﬁYlhIJ%q%lh{}r? r{{%h %é &e gf'?l%ﬁ% %?ﬂ Mﬁ%ﬂw‘ r)élag% ggr‘?mttlwty £
Qg knomeras) Ciie|ﬁ%t6ﬁ gensdant). §Y'§B@'|Zietjyn the Ed}QH@?S@Q?kEHQrWRrWeand
héreinpftedwidt k.dviatprias edts alpetaittiie tbss Guar BAEND-isedyenonslic
Fgfélr&fﬁ)rdsqéw %Qf%éaﬁ%sogrfhé R ANt of TR vty iR the vacuum,

\r’{‘EE I's or I norgani ¢ and organic
{%8r% al s. The deposition of dielectrics with a k
value of 2.5 or less is currently being carried out by

IngrdemebRerive BYow Pernsittility, @ik mBlefiamast H@mlflﬁﬁmus on the one

Ral C%BF$§§Lb%gb8§hme¥ﬁ£’r9J hg‘i(gg@t & érﬂf‘ rﬁgﬁyf% té? m§ 280

é‘%&h‘ﬁlﬂée pmﬁucﬁ@ﬂw@eﬁﬁaniwwiau onal 17, Vol une 17 -
June 2 1, 2004, Section 6 , "Low k D el ectrlcs

ée r@r&ghs%ﬁ 15 mjleléﬁ‘r‘#cs' (,Q)ng dt (Wlﬁorgﬁﬁc hﬂﬁ&fa&a fg%ﬂ%l materials or
@?mdﬁef BRIl Hoinie MR b o RS SRS Witk a k value
des8orless iscusisintly beingeatied out by yanvsthbis dydine spig@ningsthod or
5@H@§M@%ﬁhaﬁ@daﬁ@m®dvégbrld @@nﬁbnf(PEn;’«VDSON delled 8&sripfion of the
Q\grgg%odg\é’ékpglfcﬂﬁcgof )?a pI ‘I‘fntu% EAEXRlJan%It E)Xal 17, Volume 17 -

oS|I ted
Junpe 21, 2004, Section 6, Low k Dlelectrlcs Spin-On or CVD?” and in Future FAB
International, Volume 23 - July 09, 2007, Section 6 “Can Spin-on or CVD Porous Low-k

Films Meet Future Integration Needs?”.

In spin-on methods, organosilica or organic compounds are applied in liquid form. Four
classes of porous low-k dielectrics, which are typically deposited with the aid of the
spin-on method, can be distinguished:

- silsesquioxane (SSQ)-based materials, which are organic-inorganic polymers of
the empirical formula (R-SiO3/2)n,

- silicate-based materials, which are purely of inorganic nature,

- organic polymers and

- amorphous carbon.

The porosity can be generated by nanoparticles, or by pore formers (porogens) which
are driven out in the course of curing.

The disadvantage of these porous low-k dielectrics deposited by the spin-on method is
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spi n-on net hod, can be distinguished: silsesqui oxane
(SSQ) - based naterials, which are organi c-inorganic

w@edognsdos2 of the enpirical forrmula (R-Si q 3/ 2p@I/EP2009/055092

silicate-based materials, whigh are purely of

&1§ gﬁrnrln%ﬁrgaat%ﬁ Er‘?p{a [ ,awcggsé%vggg)iqiﬁo @]us aRd Bgrsé sizes in the
reage frant 3 & &nmowhlby cpopkcateintagralionp bhe amdhegieh arakgs guch
RNk giBleRttics rdlativieg inEdMSRibRl witdHengcal Titehahisagvmati2gRn (CMP),
Qﬁd fh'éefac'r%n@(&f]e%aéad @nﬁrgblghg l\/\ﬁtﬁtrééﬂ'é t(gjﬁ%cfr?t' {; goppatlrlglelayers such
§§J é‘l’rcﬁ'éedl RiRbolesu figato dug g)gstmgdo%-grdéelgqtg%hqv,q & high Fhéﬁﬁé'
expamsidn} whitlh complicateschtheonglltieaab entidotiegthetproductidiner festv
priResdeen makes such lowk dielectrics relatively

I nconpatible with chemical nechanical planarization

(CWP), and the large pores lead to problenms wth

I@gamrdve thetmechanicebstakility of ndyzaporass siliggtessyS $4¢hi149sB1 proposes
Frixirfpd hdoR ibnhfaItrﬁ@ncnlihmimoxysnbh@ witK iasira¥dndtWalkalkoxysilane,

g%[ﬁ%ﬁ§wep¥% tné1 bﬁraﬂ% % lthg F% Ilnmlatﬂgrlnﬁﬁ formhglaanoporous

errra trea e producti'on
plicatest processes. To inprove the mechanical stability
of nanoporous silicates, US 6410149 B 1 proposes

M U6 P9480850850 IO\Q'k dlﬁécthé |sfd1‘8(‘ﬁ§de9rﬂﬁlapﬁiyh'@xay&ngﬁﬁﬁlow&)ﬁpnsmg

a tet af uncti on

R0 DAY S0P Ren CRPDALATTR A ELATR STarSHNIENG Brepolymers
ivethe subsiate, sidsslinking it and Uglly hagiirest iBDrder td diiveout the porogen

gbrapleety.i c i s produced by applying a conposition
conprising a pore forner, a solvent, a catalyst and a

m xture of two silicon-containi ng prepolymers to the
Adiradyantage efrthe L9v-kRieiRglrice axAikpdig Wadat@lsnréa@mﬁ@ar fhejmechanical
stabiéty whichdis irsletivelit pddnén gotead et effortpl etel y. A

di sadvantage of the lowk dielectrics available to

P8 pler Gafi Aoty Chere ol £ 4o Bap fsFbes e caofid win
polymerization of tetrafurfuryloxysilane (TFOS) or difurfuryloxysilane (DFOS), which, in
only one step, gives rise to a nanocomposite consisting of interpenetratingly
crosslinked polyfurfuryl alcohol (PFA) and silica gel. These PFA/SiO, nanocomposites
are intended as precursors for producing microporous nanostructured carbons. It is
also stated that the PFA/SiO2 nanocomposites can be converted to mesoporous SiO»
by thermal oxidation with atmospheric oxygen.

It is an object of the present invention, with respect to the prior art cited above, to
provide a low-k dielectric based on SiO,, which has an improved microporosity and
improved mechanical stability.

This object is achieved by a dielectric layer with a permittivity of 3.5 or less comprising
a dielectric obtainable by polymerizing at least one twin monomer. The at least one
twin monomer comprises

a) a first monomer unit which comprises a metal or semimetal, and
b) a second monomer unit which is connected to the first monomer unit via a

chemical bond,

wherein the polymerization involves polymerizing the twin monomer with breakage of
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On the ot her hand, Angew. Chem 2007, 119, 636-640
describes the cationic twn polynerization of

wo edopasinst uryl oxysi l ane (TFOS) or difurfuryl oxpei/ER2089/055092

(DFOS), which, in only one stgp, gives rise to a

1posi t t tratingl :
e GBEmR B b P Rl o Rbfrer SPRpr e T8 et caongaper unit
Trkelea sELANginglymen apopibsipdiietsesont monemenktid aag wherein the first

B ies88615d inBhorREOGHICH I éYize P EGmoR ansshbihiget ur ed
carbons. It is also stated that the PFA/Siq 2

nanoconposi t es can be converted to nmesoporous Siq

Yhepikg PelxnamEzatiens iocaehPhinesIsels reeianisdh tweo tntqargeréq{ratlng
pdlyeetic oétwbha gf tresfestt andrte sécomd, polyinter arefopeed irt paralkes. It can
ersb %6 S@Jtéd fF]'aF £l p%%\@l’zaﬁd?]s% Qe ﬂrét aM4 %edée%bﬁ&bélyﬁer are

has "an 1 nproved m croporosit
'H@t'an%FWé rrechanl cal stability. This object is
achieved by a dielectric layer with a permttivity of

By 9irtk of 8RSsoRABREsdraiBgdo theqlrésdnt invemiinrahadddt@cia¥ed composites
Br?'t%']gﬁgﬂﬁ 'sE‘;Qe %rA 6%Sr1im ?@5 nFn\A%am @Jﬁgﬁ{ped H}ea \%e VSR&_¥/ of
AHPTE! EaIAsP| dasses WRATISTOpla GRS IRACNEaRRUH)G SraBBS ARy mers
mesotire finteimsid limiti lc terhslateerssistdedethodd, lae "auxilitry polposer for
H{Hnﬁ ¥ 'a%yﬁro‘bh@lﬁb/ﬁ%roBﬂﬂﬂblo&t‘&Spﬁilﬁnér 8 URek W%H a8 a

B g0 bl O s I B sar o ik S Sires.

conpr|3|ng the first nonomer unit and of a second
PR BOBMeBRBHInSdtReH dterdes@tHe FRIZEAEIRVEHTbLA thudtibses the gap in
W&%rﬁdeiq ségfg bgMe%F rﬁcpgcu J‘gndstﬁléggl%arﬁg%ﬁﬁﬂr{a u\W/'hgn two crosslinked
B@V'Vﬁ’é?tf%&tr%f%mﬁr@@@é‘ﬁo%%}y dieleggscaled 1A Raricuagsomponent in
thetcenpenitd isaletangiinedl byrtee holavetevairast tid ntohemer asit arahisly diffusion
E,Ig)%egeeg_ond pol ymer are formed in parallel. It can also

e stated that the polynerizations to formthe first
and the second polynmer are kinetically coupled. By
Richegstenibtic teetuse blthe caurae ©bivdi pglymerizationps tebafirst
mavRididdule CBMEHBINGUE (615 ESIO; ONBgHbprte @ith tdedtemddt dresult of —O-
7219y [HAPNY BrRELRnforBLS Atn B LEHELATRE: 16 fin™ de
ponmerlzatlon of specially designed monomers consisting of two different, chemically
linked units (hybrid monomers) leads in only one process step to the simultaneous
formation of two different polymers. The advantageous bicontinuous structure of
inorganic and organic phase of the hybrid material is achieved by the use of an
individual reactant from which the two phases form simultaneously. The phases
separate during the polymerization, without there being any macroscopically visible
precipitation of a reaction product. Instead, the separation occurs on a length scale in
the nanometer range. The two phases which form in the polymerization penetrate one
another completely and continuously. The formation of isolated domains cannot be
observed when the reaction is conducted correctly. This leads to a particularly
homogeneous distribution of the phases.

Twin polymerization therefore differs significantly from organic silicate hybrid

monomers of already known processes for producing dielectric layers, such as
simultaneous polymerization, in which two different monomers are polymerized
simultaneously in one system, or consecutive polymerization, where combined
monomers (mother monomers) are polymerized in succession by two different
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different material classes, where tenpl at e-assi sted
nmet hods using organic polyners neet the intrinsic

wo powwt133080 t enpl at e- assi st ed net hods, an "auxi PCEHER2009/055092

pol ymer", for exanple a hydrophobic/hydrophilic bl ock

cogﬁ“ﬁner, i s used, which assunmes a particul ar order

NTG"3 S Be bl ock conprises the precursor for the oxide

$he second eronomes upibisyeamneotad tothefigst hvanereerdiniti igga cemigal bond.

PV tBE eBihtektbr &Y preBeritMientbr) seshehiiel BaRd isrant bBnd @hithiextends

?%nﬁ rpgg\g?e%ﬁogg{i@ﬁ%rgct%ﬂdch}‘npal's%“-ioE&f‘Htgrc‘atc[i&?st #an d\é\pmals

crosslinked po Yner structures form

oreast 1 3 benkisyreferadly essgetplly cayaedt t he particul ar

conmponent in the conposite is determned by the

ﬁ'f?é g%f‘@%gér‘néteurﬁﬂ‘ ccgﬁ(;kﬁ"isr@i? Q?rﬁ@élfdggtbmrg&glf ﬁ’{f{%gdéégl u‘é?gé’rﬂig%etal may

BHFET5 55 ke Ticdr gt it bEBrLci Hefilgr Gt o preference

scoriyani teitheysavniinetal Si i the MetalfTiappropri ate with

"defects” as a result of -GSi( CHs)n fractions) forns

T TIRLPAGHE! & phtstrand SSERRHY BRITR £ef dfighhibroanic means tha
PG et i R8s Hiant1OrehY Weighk Rrefanably lessrkar Sty weight.

Abyibenadly posienably sthe lfiest gholymer Grd snetah exipe oc sssingtta pxide. The first

E)rﬁﬁmg} i%dré%?é?é‘r%bfy‘{é@éni. on of two different polyners.

e advant ageous biconti nuous structure of inorganic
and organi c phase of the hybrid material is achieved
Bieferras essentislly dmorgani¢ polduals are aiticaias [FiOdmbardteh[B.Qdn and
titsPated s OS], Wathaushdity teatie@idshdretol TRe RBSSEiSIySIABREAL§olymers
91%& WA ét@r%gpq%lk/?ﬁlgﬁw 6@{0%8 rétrut‘%%goolr'telsterb%rtﬁo?ee\lv?qigh ?Hay present
macr oscopi cally vi'sibl'e precipitation of a reaction
(hesityles a arysdal dafice- t he separation occurs on a length
scale in the nanoneter range. The two phases which

T R IRORIRg BRI bR R BN bRERG mean that
{8 B melEien ABusitla Obp UTURDAR EKP FiRG 1 BRIEE Fifon end afso fiydrogen
oo dect Eastrariesubisiituterivrgl the adsongenia frpatian is ifisaithan 10% by
WeIAY pRASUSIydbssithaPBY Bwaghtt he phases. Twin

polynerization therefore differs significantly from
organic silicate hybrid nononmers of already known .
Mobrersiasably.ghe fisbaelyMags disgarie andthepeprd PRyper iggrganic.

The stoichiometric ratios between the organic and inorganic part of the hybrid
monomer may be varied within wide limits according to the molecular structure. For
example, ratios in the range from 1:10 to 10:1 are possible.

With the aid of the dielectric layer according to the present invention, it is possible to
achieve permittivities of 3.5 or less, preferably 3.0 or less, further preferably 2.5 or less,
more preferably of 2.0 and less. The first polymer and the second polymer may remain
in the dielectric layer. When the first polymer is an essentially inorganic polymer and
the second polymer is an essentially organic polymer, an inorganic-organic composite
arises.

The second polymer can alternatively be removed thermally, oxidatively or thermally
and oxidatively. This affords an essentially inorganic dielectric layer with interstices in
the nanometer range, which, in spite of very low permittivity, have an outstanding
mechanical stability. The removal of the second polymer further lowers the permittivity.
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si mul t aneous pol ynerization, in which two different
nmononers are polynmerized sinultaneously in one system

W@eoogas®erut i ve pol yneri zati on, where conbi nedPCDRPIUBY/E55092

(ot her nononers) are pol ynergzed in succession by two
di ff erent mechani snms. The second nononer unit is
connected to the first nononer unit via a chem ca
bmaecond menemss i riaycreferadlyebent invention, a

chem cal bond |é any,sbond whi ch extends beyond mer e

el ectros éktlon such as ion-ion

i nteract ons V n der waals forces. The bond is
preferably esgentyally covalent. The first nononer
unit conpriAes a At al or seminetal. The netal or

sem metal may preferably be S| B, Ti, Zr or Hf

vvlth ut bei restricted. ther

lPEPaih RS AgvSLaro Bch indeceienty bYthegerbingaser hianghed
a1iphatr<h bydrmasborpmdmta ajosnahic dfy diogdibpn eadieats, ioa Rropatic-aliphatic
hyRogaborcradkeasent i al |y inorganic nmeans that the
organic content is |ess than 10% by wei ght, preferably
| ess than 5% ght. Additi onal |y preferably, the
P‘W'E‘?”aﬂblpmlabg’sthﬁ SRENE MERGTERT Wit BBbeeal oxi de. The
first polyner ISAT‘Dr% preferably (Sig 2)n. Preferred
essentially inorganiRe I rs are silicates [Siq 2]
n, borateg?3 natitanates[qu 2] n, w thout
being restricted t¥ .
pol yners may have pu ely coval ently bonded structures
or else be tho ich are present (partly) as a
crystal |at S éond pol ymer is preferably
essenti al organlc Essentially organic neans that
the first pol ynmer ,consists of a hydrocarbon skel eton
in which carbon dhd al so hydr ogen nay be at | east

%Tdai \X/h?/ﬂék)ﬁt Ai WA %F{d ‘?\ggré @é%hﬂ%léﬂegéghtﬁl t hQ)rr1 lihSyr! o?%?anched
PO P BYarhs Micas? bR Bk o L 8 bl ati
hmoga@b@n@dpr@lsyﬁm RE.R'arg amrcmdermdsnfdm I@hirqgﬂatqruao alkyl group

halin o et ty@edarhdieatomg ateeradhmetyr gami ¢ part of the
hybrid nononer may be varied within wide limts

accor di nlg to the nol ecul ar structure. For .
One example of a twin monomer is an organometallic compound M(R")n(R?)m. In this

case, at least one first polymer comprising M and at least one second polymer
comprising the R group are formed simultaneously,

where
M is a metal or semimetal, preferably Si, B, Ti, Zr or Hf,
n is an integer from 3 up to the maximum valency V of M
m is an integer from 0 to V-n,
R? is 0 AS
O
/M
A A2
or two R radicals together are
4
A R? R*
A3
)
A 0
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exanple, ratios in the range from1:10 to 10:1 are
possible. Wth the aid of the dielectric |ayer

w@ewonshiosy to the present invention, it is posBCDER200D055092

achieve permttivities of 3.5g0r less, preferably 3.0
or less, further preferably 2.5 or less, nore
preferably of 2.0 and |l ess. The first polyner and the
second polymer may renmain in the dielectric |ayer.
MWrassd teuctirest pol yner is an essentially inorganic
pol ymer and the second polyner is an essentially

ani ¢ polyner, an inorgani c-organi c conpos
ér’%se%s Athére @%@h‘ﬁd?ﬁﬁr@ﬁﬁw W&ﬁo%”t%ﬂ'ﬂ%ﬁrlové’f%f‘cb%d aliphatic
renmoved t héwydmichypon oadicks, iaverhgticydrduaroml rayicals dr aromatic-

oxi dati vel Béllpﬂ_éﬁc%yéFochFb@ﬁ rddicgssentially inorganic
dielectric layer with interstices in the nanometer

range, which, in spite of very low permttivity, have
Rh out st ands hyfregarherineal ordrransinefl t afiphatisehyideenavkan redicals,

t he second gpgh ity dtdbatstRr rabiiome s atdneatielliphatici Rydiatarboa
second rmngg(% %nit may preferably be the radical in

whi ch Al, %\ are each i ndependently hydrogen,

Il i near or branched aliphatic hydrocarbon radicals,

RP,0fat i ¢ hyde eacr ihdependdntyathyglrogen armaratityl groap ihptiag from 1 to 6

hydr ocar bor&aptﬁ,waqalng pr@fgpdbw @Byl & Hpreferably, the

second nonomrer unit the radi cal where Al, A2,

A3 and A4 are each |ndependently hydrogen or |inear or
Breferebly dthe ddvi-sldégl e atridsyade otsmarabite byasimsiibrgoualy mebmeasizing hybrid
A6 @eRs (BARN nichdhiend) wHdh IRdveriidast dtdeMadiCCodnydr weat ib@fucial

F]&@l% 91' ﬁquacﬂﬁetfﬁt nﬁ%ro@ﬁoﬁeﬁ%@t%&ﬁ%@?ﬁg?&ﬁe}ﬁ sw&{aﬂgg&ly in one

avin
PTOSE &Y 5813 %9'W§/‘Prsd’|"h@ Omé“@k%qﬁblf@r%Fne&r’tW'ﬂm‘?Sﬁ’éﬁ&SS“nked
stsucuresrgenooretdan sotnpositipo ohthe MyBid moR&iner défimet thestheoretical

ﬁ@gsrge oftrokSaRihgone first pol ymer conprising Mand at
east one seco%d pol ymer conprising the RL group are

formed sinmultaneously, where Mis a netal or
Seerpotgmatization of thedivstyangiof the, seTpnd monemeHAnit ¢an gengrally proceed
by begRe chardim JproNdddPthb e MBedhBbigng &k & theYsaMed Th&polymerization
preferably proceeds anionically, cationically or free-radically, i.e. the polymerizations of
the first and of the second monomer both proceed anionically, cationically or free-
radically. Preference is given to a cationic twin polymerization. The growth steps of the
two polymers are coupled kinetically, such that the first polymer is formed on the same

time scale as the second polymer.
Two preferred types of cationic twin polymerizations are:

+ In the case of hybrid monomers in which none of the R1 radicals together form a
ring system, the cationic polymerization additionally forms a further low molecular
weight condensation product, for example water. This reaction is thus a
condensation polymerization, also referred to hereinafter as twin polycondensation.

The addition polymerization of one monomer A onto a polymer —-[A-]n forms a new
bond between the next monomer unit in each case and the active chain end, and a
bond within the monomer is broken. The broken bond may be part of a multiple
bond (e.g. ethene or styrene) or part of a ring (e.g. caprolactam).
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mis an integer fromO to V-n, or two Rl radicals
together areln these structures, Al, A2, A3, A4 are

we@2mb/1338ependent | y hydrogen or |inear or branetiEEP2009/055092

al i phatic hydrocarbon radical g, aromatic hydrocarbon
rad cals or afpnat Fa haH:c %pro ar bo ra4|cals R2
APEYRe &F M1 REXFONGENBIISAIHE PO 'ﬁa?
hydtetsefarfbrtyioxva@heéTEQSh@QmﬂJhncrtoﬁy@lfczbl@wmb@ﬁhwa@l-| cals or
aromati c-al i phatic hydrocarbon radicals, R3, R4 are
each |ndepeﬁ§ently hydrogen or an al kyl group having
from1l to\G« earbon atonms, preferably nethyl or H
Preferably, the |owk’ dtelectrlcs are preparabl e by
S|nultaneouslyupolynerbzln hybri d nononers (tm#n :
MONONET S) \Am\ch; have’ at’ |.e3st thrge: MGL6 b@ns@ks MhaER s
S crucla} here is that two different, nacronnl@cular )
structures are? forned si mul t aneo sI@ i n one process.
The tmo~polyners mhich formmay each formlinear,
branched or crosg Ilnked structures. The nol ecul ar
conposi tion of tHe “hybri d mononer defines the
t heor et i cal “8&gr8e of crosslinking. The pol ymerization

of hhke EddeSdt ngbiE MonbMersSe WPt JTHRIENO oiflihd RCAHdlicals or R* and

genﬁf %dlc%ls%g?ectﬁ%qom a?lﬂ?ﬁ Qﬁg#}ag 'rlﬁﬁ%Pgﬁ R%/ Pglﬁ%ehpﬁlontf@ﬁs two

chani’smns
p r dé(éléﬂ‘%rsé'hp'@ﬁ] PO&eIsy | W'tb‘élﬂt M F@éﬁquw yreight @"é’dldﬁté ibgia| esymlnated.
eThli |‘$eal$mﬂeﬁm‘&fdl to albtheoﬁs twie rihglopéniag dolgimetizettion. Silicate

sec C§m .ze swmrg% &vad.&@é 'VR@I drbups)

ere els ven %F%£P
ﬁfﬁ%‘? |azg P@man ‘%‘ﬂ%”'@PSKXE”ﬁr %]&sorB‘FeSFh‘@ ow molecular
polwﬂmhbwemwﬁ$b@p@émmhdnet|calIy, such that the first
polynmer is forned on the sanme tine scale as the second

pol INE Exa oPL ?\I/ﬁ rrlrns%ﬁ)teﬁﬁg &me‘ﬁ %ﬂq‘ﬁﬂ%ﬁ]ecpvgn)gnenzatlon of metal-

pol ymerizatons are:
Whl rpeAvmetabspikcHeoNmRoLNd gy @)g;]r@olqa gg?e'tsﬁ'éqb'[ﬂb'rh? 8 benzodloxasmne]
according to the scheme:

O\ /O OH
i /P\ _H L ssio, +
2n

A mixed form of polycondensation and ring-opening polymerization is likewise possible.

The A and B units may equally be joined by one or more bonds, which may be linear or
within the ring.

Particularly preferred twin monomers for a twin polycondensation are those of the
formula (lla)



10

15

20

25

30

35

40

ring system the cationic polynerization additionally
fornms a further |ow nol ecul ar wei ght condensati on

w@emdasiog2 f or exanple water. This reaction i s PCIIEPR09/055092

condensation pol ynerization, glso referred to

herei nafter as twi n pol ycondensati on. The addition
pol yneri zati on of one nononmer A onto a polyner -[A-]n
forms a new bond between theAfjext mgnoner unit in each
case and the active chain end, Aa bond within the
nmonomer is broken. The broken may be part of a
mul tiple bond (e.g. ethem®orl\styrene) or part of a
ring (e.g. caprolactam.One exanple of twn

pol ycondensation s the pol yngrization of
tetrafurfuryloxyél ane_(TFCS) @ccording fo the
foll ow ng schene: e case pf hybrid nomers in

which at |east tsmo madial s apd R2 (1)
radi cal s togeth®r forffia Ting kystem i/ngfopeni ng
pol ymeri zation forms two pol yrgrs in da rocess,

wi t hout | ow nol ecul ar Avej ght pproducts bei
elimnated. This is also ref ed t0 hereinafter as
twin ring-opening pol yneri —/Silicate nonomers
wi th pol ynmerizabl e groups i e organic radicals
(e.g. vinyl groups) affopd yell as Siq 2, an
organi ¢ polynmer in one processA without |ow nolecul ar
wei ght products being formed. One exanple of a twn
wherg- openi ng pol ynmeri zation is the pol ymeri zati on of
nmet al or sem netal -spiro conpound, for exanple 2,2

v SP1robl [4I_sl'alme Iﬁh?egﬁﬁ%gél%«g%@edr@g% I'I'@%?gr::ﬁ% rrlr%ré Bretfggbly Si

schenme: A mxed to
ri ng- openi n§f Plol yneri zation is |ikew se possible. The
A and B units may equally be joined by one or nore

ABORdgs Whi chrByhB&ydl H&é{tly%ﬁ@é;%ﬂbﬂiﬁé&?o!f biaflched, aliphatic
Part i cul arléy(ﬁref rre A f

1 oner s ratwn :
ol ycondens HYSTBIArEPR irslEe Sematid HGERDP RdEA ARt
is a nmetal eliphaderhydrpedrbopragicatsably Si, Ti, Zr or Hf,
nore preferably Si or Ti,

Preferably, two or more than two of the A" to A3 radicals are joined to one another,
more particularly fused, i.e. joined to form a common ring system.

It is additionally preferred when one or more carbon atoms of the A' to A3 radicals are
independently replaced by heteroatoms, more particularly by oxygen, sulfur and/or
nitrogen. It is also preferred when A’ to A3 independently comprise one or more
functional groups. Useful functional groups include especially halogen, especially
bromine, chlorine, or else -CN and —-NR2 where R is especially hydrogen or an aliphatic
or aromatic hydrocarbon radical, preferably H, methyl, ethyl or phenyl.

More preferably, at least one of the two A" and A3 radicals is a hydrogen atom. In a
very particularly preferred embodiment, both A" and A® are a hydrogen atom. Also very
particularly preferably, A' to A are each H.

Most preferred is the compound tetrafurfuryloxysilane.

The twin polycondensation is described as such in detail in Angew. Chem. 2007, 119,
636-640.
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Al, A2, A3 are each independently hydrogen or |inear
or branched, aliphatic hydrocarbon radicals, aromatic

whyaposmsbon radi cals or aromati cal i phatic hydPODEP1H091055092

radicals. Preferably, two or pore than two of the Al
to A3 radicals are joined to one another, nore
particularly fused, i.e. joined to forma comon ring
Bediceaily prefdreeddwin mprgragrs yorg wiieringdpetirnpdyracizatinp aee also
S EIURES obthe fditull(lbp A3 radical s are

i ndependently repl acegd by heteroatons, nore

particularly by oxyg Rsul & and/ or nitrogen. It is
al so preferredan ‘ independeﬁtly conpri se
one or nore functi
groups include es .
chlorine, or eI;- CN-and. - | e RS especial ly
hydrogen or anAaliphatic of aronatilc hydrlocarbon
radical, preferably H, nmethyl-eth 7
preferably, at |east one of the“two, Al and A8 radical s

is a hydrogen atom In a veryRpartRcularly preferred

enbodi ment, both Al and A3 are a hydrd@en atom Al so
very particularly preferably, Al to A3 are each H. ()
Most preferred is the conpound tetrafurfuryl oxysil ane.
gn m;mﬁn pol ycondensation is described as such in

etail in Angew. Chem 2007, 119, 636-640.Particularly
preferred twin nononers for a twn ring-opening

pol yneri zat i on isnenatdlsw sepimetal pragferabig Si,offi, Zrive Hfomong! a
(lib): (lib) } S retal or sem netal,

preferably Si Mkil%'lé%rdyrly %Ir&?‘l—-rl?’?,9 nore preferably Si or Ti,
Al, A2, A3, A4 are each independently hydrogen or
Ai.féah’, 6¢ br ancie @achaindpberdienthhiyytiregeir dydinearaatibtznobed, aliphatic
aromati ¢ hydr oagahRargoadhgiadls, R#omatiOnpdrb&abdPRaich or aromatic-

hydrocarbon radj6al.ndrocarbon radicals,

R3, R4 are each independently hydrogen or an alkyl group having from 1
to 6 carbon atoms, preferably methyl or H.

The twin ring-opening polymerization of spiro compounds is described in detail as such
in German patent application No. 10 2007 063284.5 , which was unpublished at the
priority date of the present application.

Preferably, two or more than two of the A" to A* radicals are joined to one another,
more particularly fused, i.e. joined to form a common aromatic ring system.

It is additionally preferred when one or more carbon atoms of the A' to A* radicals are
independently replaced by heteroatoms, more particularly by oxygen, sulfur and/or
nitrogen. It is also preferred when A’ to A* each independently comprise one or more
functional groups. Useful functional groups include especially the following groups:
halogen, especially bromine, chlorine or else -CN and —-NR2 where R is especially
hydrogen or an aliphatic or aromatic hydrocarbon radical, preferably H, methyl, ethyl or
phenyl.

Additionally preferably, the R and R? radicals are each independently hydrogen or an
alkyl group having from 1 to 6 carbon atoms. R' and R? are preferably each selected
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R3, R4 are each independently hydrogen or an al kyl
group having from1l to 6 carbon atons, preferably

woredobss3082 H. The twi n ring-openi ng pol yneri zapCDRPHNI/055092

spiro conpounds is described 4on detail as such in

(i TRRisEn ekl Be i Mgt pistoreg S e s R o Kot

application. Preferably, two or nore than tvvo of the
Wbrd ﬁkea%atﬁlflcﬁt RisBordd 6F tho e 4 Aﬂl%dﬁ:@@tié‘lémydﬂai@éﬁ atom. Ina

pé"]'gﬁl)_aﬁ%lﬂh reff&?'e%femf)oﬁwehtob&ﬁ%1 taﬂg hbglr ng ?(ﬂ'gggﬁ]atgm Also very

ARrésHlgterrster %ﬂk‘ A'dafbare eahifs of the Al to A4 radical s
are i ndependently replaced by heteroatons, nore

DRE etk Blly inYoRbaRT? 28kl ANCY boRiddHd8Inel! t TS

al so preferred each’ i’ ndependent |y
conpri se one or nnre functlonal groups. Useful o
Tloen preisentanvegtion frsthienplovides & e st 0fya eamepdsiion @ainpgsing at least

O®th@s monamegesmpsieci al |y bromine, chlorine or else
-CN and -NR2 where R is especially hydrogen or an

aI i phatic or aromatic hydraocarbon radical, preferably
&) matfiRsfImonemmey LN Whish&RTIPTISe%iR Metad REFET "E‘ﬁ*@f bl vy,
bhe Rkeaordl iR2nsraeh wdt vehietr 8 ceandrtedbape fice miohgmbydnitge n
or aph&hiedl p&kPup having from1l to 6 carbon atoms. Rl
and R2 are preferably each sel ect edf rom hydrogen (H)
and nmethyl. Mre preferably, RlL and R2 are each H.
fas peoqucinigedialbtlyic lapers witbta perenitgfityt ofe3.Hvamn gamigantiuaB®r substrates,
fr@dtvﬂalrﬁomcﬁn@r byidg qsiyméizaple Wih cbrégkagePal tHeC dh@hicdl bond and

B%r{A{ﬁ‘% ﬁrgp&qyrﬂgp(%dmﬁf% rﬁ tﬁ‘& fl%@&dﬁ%g}%‘? Snﬁin%' gf %thg&md polymer

R
6%{6!?{'%9 Wgégéﬂdem@rﬁqrg@{ yrdt, plhcé r@d‘ﬁg@md e second monomer unit being

BolZMmerdzaibieolia pAidmingrdmeeizmisnadi oxasi | i ne] . The present
invention further provides for the use of a

¢ﬁ@ﬂ|@ﬁ#c§rlc@§y&93&fdm§ih@ﬂ) b preast inGérioh \Whdy, BBRRINBE the dielectrics

8&?7?1Fbl%'by9wﬁ9 pn&nﬁ(% z’Z’l |om§;?1%ﬁ£e Wﬁ\gr %Hﬂ%s %ﬂgghi ﬁa?r\ﬁ/aq st | s
prefesendribalthe dielsciricdayar cepsisty ﬁé%}t'al}h‘i’ftth@ ﬂ@'e&tr@ﬁ@ﬁq '&%h'e by twin

bdpderization, i.e. only small amounts of other substances below 5% by weight are
present.

The dielectric layers according to the present invention are suitable especially for
producing dielectric layers in the BEOL and FEOL sector in semiconductor units,
especially in copper metallization to produce logic and memory components, (e.g.
DRAM, NAND flash, etc.). In such high-performance semiconductor units with
increasingly smaller distances between the metal tracks, the inventive dielectric layers
constitute high-value insulator layers which effectively suppress parasitic coupling
capacitances and hence enable high current densities and switching speeds.

The layer thicknesses of the layers range from 500 nm to 2 um, preferably from 300 nm
to 600 nm, more preferably from 100 nm to 200 nm.

The dielectric layers with a permittivity of less than 3.5 can preferably be applied by a
process in which:

a) at least one twin monomer comprising a first monomer unit which comprises a
metal or semimetal, and a second monomer unit which is connected to the first
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for producing dielectric layers with a permttivity of
3.5 on sem conductor substrates, the twi n nononer

wheiong3pet yneri zabl e with breakage of the chemPCHEPHO1G55092

and formation of a first polyner conprising the first
nmononmer unit .and of a.segcond.pol v ris
CoeomBnah e et BOHE i ShalB8 o § S Rigo By Bstrate, and
konoftheratlenst omsplfg@npmlesam@rqombw@d iinglyaneatizadrpith breakage of the

mechanérBidhl bng s ebratitibh of & AKe pslyMer esrbiprivthd e iRk monomer unit
pr eSSH& T Qgg&%d%%ﬁ)ml’coﬁérlg\ﬁ%kheafécgn@ m%lnSJngF rqlf %ﬁd wherein the

obt al
addi f'TS\t/é%d H\%Peﬁﬁ'%i mioa?m@%umfi QO'X@er&e&VrTﬁ‘? egme mﬁChP'Pfém
di el ectric | ayer consists essentially of the

‘ﬁh@lvﬁﬁHdn%n%R%%m §pﬂﬁ¥d iétBp BPL MRS A@ bt kano'wn%ethods

eywﬁng mount s t her substances bel ow 5
9\%‘?6 y YH’epﬁ*pé%%fne e dielectric layers accordl ng to

the present invention are suitable especially for
Y thgepinttth Eibbe ¢dpin-codtiny @igthdd), & BRutBEELtiGNEF thERblymers is

%@;ﬁlteﬁlas ar]tpﬁq%&et?%ﬂg?é}g{ ned‘&ﬁétsﬁbstl%?@ &%h%on}ﬁu&tgr (9091Prf5)oﬁent
{laroggh gition. \qugty p%wtat@pép)aed Ithe g%lﬁad Iayer thlckness can be

bstgblished.f@wing e thedégh tatidu Gheeds) aipostion df thd sutvestisolngiit ynixture

%%‘ajtlﬁieodésséaﬁllﬂ}%%s?n %t%@%?é% dRBintERafhg. Ik 8GKE eqtu@ﬁt heating step or

t
TR Sece PLERES hieps (6 é?a@&q%ﬁeﬁ&sﬁwﬁ%%ent&ma@ra firg ranges
C100R00RG; 20" € ad40Q R bt owstAbCe the grateriat issnelymerized
Q@cngurted EFeniitiateivdst OIS 5REsIE . seeeto iy &dsetthé pIdEBE B

r%&gﬁ%gy ik %réa@‘@%&or&{;&@ a%%%erﬁg% Eo reép%e%&%ﬁ%@%%{ant

nor e
E@@'CWFH Prefesenfieds gven fea FW%"UW feaR9e Op i 3¢ Cuip fryodyice the low-
kedietectitan 3.5 can preferably be applied by a process
in which: a) at |east one twi n nononmer conprising a
ié t. nmononer uni ch conprises a

R PaPCE a0 SeE G h GG SLAPE PWFTLRE [alowed by a sep o) i
wbich g satond polymef isrremopedinermallyi andidr @xiativeniodatm a

RAHEtruttredfdrbRIMERI Sxiges b SEPMAeed BXids. UbstabrtslecBttl ofthe twin

ég\?mg}; arLoeg\“é‘ﬁe Per}rspegétg?ek&qﬁé ﬁéét tt%a (%m g{’é@g 'nﬁ)lor}/gd aftsr the spin-
R AR hhﬁﬂecﬁawywﬁndcp@w%'ﬂwrw@fﬁhq dqposited low-k
dieleotries talbé bidjusted in a controlled manner. To prevent degradation and/or
precipitation later in the manufacturing process or in the course of functional use, heat
treatment steps at high temperature are advantageous. Preferred temperatures 300°C

particularly preferred temperatures 400-450°C.

In addition to the catalysts mentioned, the polymerization can also be started by
cationic photoinitiators. Cationic photoinitiators are known and are used, for example,
to cure epoxy resins. Typical cationic photoinitiators are onium salts, ferrocenium salts
or diazonium salts. Preferred onium salts are selected from sulfonium and iodonium
salts, for example triarylsulfonium salts or diaryliodonium salts. The counterions of the
onium salts, ferrocenium salts or diazonium salts are non-nucleophilic anions, such as
tetrafluoroborate, tetrakis(pentafluorophenyl)borate, hexafluorophosphate or
hexafluoroantimonate.

When illuminated, the onium salts lead to the formation of superacids which catalyze
the ring-opening of the polyisobutene epoxide. The illumination can be effected by



and of a second pol yner conprising the second nonomer
unit, and wherein the first and the second nononer

W@ eiob/1gBoBYy meri ze by the same nechani sm The t WPEII/EP2009/055092
nononer(s) can be applied ingtep a) with the aid of

al t p the s i n-.on
Fireon e LD RB oG SRERPh LR pheP BB BU o i gy o the
s@iditionsrsuittbleisengitivymare geheralipiiose whigh age tibgdin|tiag eationic
phliymerizadibatof Bgoxylesiagibst rat e (sem conduct or
conponent) Through dilution, viscosity and rotation
eed, the desired | ayer thlckness can be establi
ﬁ‘@mﬂ%‘t% RtEdATg INGEFICAES I 1B PERFSNT RALBRIrAPPHFRtIER Wﬁ@erence All
statenesttty sfdrogortiond (petcestagss, \ppiraetd.) are tased eathleywedght] ased on
Qo BPHERA! GFind PRI AHEbtatbl ofhoRiggequent heati ng
step or i'n a sequence of heating steps (prebake and
hot bake) in different tenperature ranges (100-200 C,
200-300 C, 300-400C;, but at nost 450 C), the materia
I's polynerized and cured. Tenperatures around 350-450C
serve to increase the porosity by thernolysis of the
or gani ¢ porogens and hence to reduce the dielectric
constant. Particular preference is given to a
tenperature range of 400-450C to produce the | owk
dielectrics. The twn polyner can either be used as
such, or step b) can be followed by a step ¢) in which
the second polyner is renoved thermally and/or
oxi datively to forma nanostructured porous netal
oxi de or sem netal oxide. Suitable selection of the
twin polymer and of the tenperature of the heat
treatment steps enployed after the spincoating process
all ows the nmechani cal and physical properties of the
deposited lowk dielectrics to be adjusted in a
controlled manner. To prevent degradati on and/ or
precipitation later in the manufacturing process or in
the course of functional use, heat treatnent steps at
hi gh tenperature are advantageous. Preferred
tenperatures 300 C particularly preferred tenperatures
400-450C. In addition to the catal ysts nentioned, the
pol yneri zation can al so be started by



10

15

20

25

30

35

40

cationic photoinitiators. Cationic photoinitiators are
known and are used, for exanple, to cure epoxy resins.

waypasdosrati oni ¢ photoinitiators are oni um saPCBEP2009/055092

ferroceniumsalts or diazoniwgsalts. Preferred onium

Fs%!lts are selected from sul fonium and i odonium salts,
xarrpl e triarylsulfoniumsalts or diaryliodonium

salts. The counterions of the oniumsalts, ferroceni um

sal th A dw]edﬂtil(ﬁlé?éﬂ WitH éSQéﬁTﬁttlﬁfyeoffMloﬂbJ@é esrttisirigCa digieettis,

suc f 13

© oty QRAnpBE Tt o IRNE frast one twin monomer comorising. . o

or hexafl uoroanti nonate. When illum nated, the onium

sal t 8) | eéfict tronbimer Gt wiaith oomplﬁseﬁ;l.qjmemd:bldssmillﬂem and

cat aby2§ Sé%drm&%n%%itﬂ\%l&fls Egﬁn&%dytbsﬂ‘i’@ﬁ‘r%ﬁﬂsnomer unit via a

epoxi de. hThe il ymnation can be effected byneans of
W | i ghtheyFd bBP |ight, electron beams or gamma
radiation. Wth regard to the conditions, suitable

condivheirstharpdlyaesteaidr Mv@lm;ﬁ)lymércdhgah@ tWis egbriomdr gth
Ca“ gmaﬁaé’&é’tﬂ& héﬁ@h@&bn‘a a{nﬁ%’%&/at.oﬁ% Qﬁrstg&k/m%f)wﬂ&&‘ir?g the

appl f'@émoaﬁmﬁyum'bar&@wcom Po'g’f”ﬁf %‘?Fé?ﬁ%"gotf‘e second monomer
pr opanit,iaod svHepain trenfiratgesl, the pegongtnoornonaareint askychetine viae

wei gBan-Bﬁﬁﬁ%hgﬂiSHje. total weight of the m xture,

unl ess stated otherwise.Clains 1. A dielectric |ayer
with a permttivity of 3.5 or |less conprising a o
di el Ehe dietsctiotiayien abtardibg tpdbipnirwhereig the metsh ot semigetal is Si, B,

twi nnrrzn@rnr&fremwsnagna) a first nonomer unit which
conprises a netal or semnetal, and b) a second

nononer unit which is connect ed to the first nonone

Bni t TR aicleckisdanes arcasding fo qither ef Wet%@eﬁﬁgﬂ@mﬁ’z‘&'ﬁ@r@'ﬁ the first
I nvopagsepiolegsmtinly |ngrgahfe dndithe secoodpiolymer s deseatiadlg@rganic.
of the chemi cal bond and formation of a first poI ymer

onpri sin first unit,.and of a seco
ol T bRkl Tl 2o orlRG S B e g SR pretRing SR Wherein the
V\her‘mshmpn@ﬂen yrittardritle séeondac@rrdnarning pelymerize anionically,

pol ysaiohizllyordred-@aikam) nmechani sm 2. The dielectric
| ayer according to claim1, wherein the netal or

semnetal is Si, B,
5. The dielectric layer according to any one of the preceding claims, wherein the

permittivity is 3.0 or less, especially 2.5 or less.

6. The dielectric layer according to any one of the preceding claims, wherein the
second polymer is removed thermally, oxidatively or thermally and oxidatively.

7.  The dielectric layer according to any one of the preceding claims, wherein the

second monomer unit is the
o. A

OM

radical in which A', A2, A3 are each independently hydrogen, linear or branched
aliphatic hydrocarbon radicals, aromatic hydrocarbon radicals, or aromatic-
aliphatic hydrocarbon radicals.

8.  The dielectric layer according to any one of the preceding claims, wherein the
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Ti, Zr or Hf, especially Si or Ti. 3. The dielectric
| ayer according to either of the precedi ng clains,

wob@pasist he first polyner is essentially i norBerER20891655092

the second polyner is essentilly organic. 4. The
dielectric |ayer accqrding to any one of the preceding
cl ai FRECTUTGIMET HA 'Sf%?st nonomer unit and the second
nmonomer unit polayynmerize anionically, cationically or
free-radically. |5.RThe Qielectric layer according to

permttivity- Cess, especially 2.5 or |ess.

6. The diel ec ayer according to any one of the
precedi ng ¢l a wherei n the second polyner is

removed tfRermal Iy, o datively or thermally and
oxidatively. 7. .The dielectric |ayer according to any
one of the preceding clains, wherein the second
nmonorasticaliwhere A', Ahe\raadiAd dlre pachiinilerendentlyadydrogenagr éinear or
each pramdBes RUstchy Bda @R Raditd|§leasmatic MydestaRssh radicals or
al | PhAth Sic PR ARAL BRR ARl Salss, ALATRRL SN GEREBARNty
radi cal's, or aro I'cal i phatrc’hydroctarbon ra | CalS.

8. Thedrgp@n ecan alkv! 9y hayiwdram Ade 6 §aEep aeras.dreferaply methyl or
precedi ng cl ai ns, wherein thesecond nononer unit is

the radical where Al, A2, A3 and A4 are each

i nd ent|y hyd . | | . ,
b1 R HE T SiEaPBaR Pl EUIRE O Pyt A fothesein hlsaet o of
r adi thal’, b1, Adrodawhere arasphiaty' cadisads aredeibethtorendi aywtther, more

and REticdféryefusecach i ndependently hydrogen or an al kyl
group having from1l to 6 carbon atons, preferably

nmethyl or H 9. The dielectric |ayer according to

&0t hélne gielegirigilaer aceaiging to e of caimp €43 P, wihgretyoners more
Al, éatbor3toarschf thehAt, &2 phiesein whepresetit, & radiaale ajedindepkndently
to orré%la%B@BPﬁBter(SH%&ﬁs,ﬁﬁér%'&Hk%fa'rlijf bt,l@,%g?n A -N.The

di el ectric layer according to any oOne aims 7 to
9, wherein one or nore
11. The dielectric layer according to any one of claims 7 to 10, wherein A', A2, A3

and, where present, A* are each independently one or more functional groups,
especially halogen such as Br and Cl, and also CN and NR2 where R is
especially H or an aliphatic or aromatic hydrocarbon, preferably H, methyl, ethyl
or phenyl.

12. The dielectric layer according to any one of claims 7 to 11, wherein A" and A3 are
each H, preferably A', A2, A% and, where present, A* are each H.

13. The dielectric layer according to any one of the preceding claims, wherein the
dielectric is obtainable by twin polymerization of at least one organosilicon
compound of the formula (lla)
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carbon atons of the Al, A2, A3 and, where present, A4
radi cal s are independently replaced by heteroatons,

woreooe/1gsast i cul arly by O S and/or N 11. The dpPel/ER1009/€55092

| ayer according to any one of1slainms 7 to 10, wherein
Al, A2, A3 and, where present, A4 are each

i ndependently one or nore functional groups,
especi al | y hal ogen such a®A\Br andg O, and al so CN and
NR2 where R is especially H\or al i phatic or
aromat i ¢ hydrocarbon, pieferably H nethyl, ethyl or
phenyl . 12. The diel ectric @r according to any one
of clainms 7 to 11, wherein and A3 are each H
preferably Al,3A2, A3 and, Where present, A4 are each
H 13. The dié ctric layerQaccordi ngfto any one of

t he precedi ng cl ai whereiln the~diellectric is

obt ai nabl e béz MatOon ofa\ | east one (12)
organosi |l i con conpgund of tRe fornufa fNaywhere Mis a
metal or sem netal ,tpreferably Si, Yi,\Zr or Hf, nore
preferably Si or Ti, Al, A2/ A3 are eack’independently
hydrogen or |inear or br ed,AaIiphatic hydr ocar bon
radi cal s, aromati c hydrotcarbpgn radicals or
aromati cal i phati c hydraoc n radicals. 14. The
dielectric |layer accoiling t@ any one of the preceding
cl ai ms, wherein the dielectc is obtainabl e by twin
pol yneri zation of at |east one organosilicon conpound
of tmbeefeornula (lib) where Mis a netal or seninetal,
preferably Si, Ti, Zr or Hf, nore preferably Si or Ti,

Al, ﬁ)? A3, A4isaar et%gﬁ?tlhspe:jnﬂr%g%‘?ﬁ)sgghl r%yﬁf 95 Cfgfné)re preferably

i near or branched, atl roc bn’ra
aromatic hydro%ﬁﬂﬂbn radi cal s or aromaticaliphatic

Al A2 A3 are each independently hydrogen or linear or branched, aliphatic
hydrocarbon radicals, aromatic hydrocarbon radicals or aromatic-
aliphatic hydrocarbon radicals.

14. The dielectric layer according to any one of the preceding claims, wherein the
dielectric is obtainable by twin polymerization of at least one organosilicon
compound of the formula (lIb)

(Ilb)

where

M is a metal or semimetal, preferably Si, Ti, Zr or Hf, more
preferably Si or Ti,

Al A2, A3, A* are each independently hydrogen or linear or branched, aliphatic
hydrocarbon radicals, aromatic hydrocarbon radicals or aromatic-
aliphatic hydrocarbon radicals,

R3, R* are each independently hydrogen or an alkyl group having from 1
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hydrocarbon radicals, R3, R4 are each independently
hydr ogen or an al kyl group having from l1lto 6 carbon

w@bawa33opz ef erably nethyl or H 15. The use of PEI/EP2009/055092

conposi tion conpri sing at | eagg one twi n nonomer

Si t one 1 _
vetal or Sem map SR el REHNT. Uni & whi ch

is connected to the first nononer unit via a chem cal
b@ndThé Qée @ﬁ@&ﬂﬁﬂ)d&loﬂl(ﬁhﬁﬁ&lhg Gt leayedre tWirf Modomer comprising
Per maf s st ey B PRnSRILERAMC] ALiPHPSLERLER, oS

chenrp?: af speHy ’HW”FQ?M‘?‘HMW ig porneciqdsip ”ﬂﬁ)f'r)&‘h@Pnomer Un't viaa
conpr i schmgnitdlebdrid; st mononer unit and of a second

pol yggr Qﬂﬁﬁg Sdl@lgcﬁleelaz&ﬁo\ﬂﬁh r@%’f‘iﬁfttl\h‘tp' Bf* 3@%nt t§§mlconductor

fi rst an .
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