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WD 2007/ 144371PCT/ EP2007/ 055818 1 SEM CONDUCTOR
OPTOELECTRONI CS DEVI CES Background of the I|nvention
5 Field of the Invention The present invention

: W%EAO%&?I to a process for nmaking sem conduct Q{ZF@WJU‘P/S‘%SB

Z|ng novel polymers. In particular,
i nvention provides novel sem conductors in which at
| east one layer optical or electrical of CMOS image
sensors is made utilizing a pdlymer or polymer 10
conp03|t|ons of functlonallzed S|Iane nononers.
Furt her, theMIny pEd HE &
and optoelectronlc deV|ces and nethods of proceSS|ng
novel polymer materi |n fqpturlng t hem
Description of Rela cial use of
el ectronic image sensors in electronics has increased
dranatically over the last few years. They are found

|1 phones, and are used for new safety
features in autonobiles e.g. for estimting distances
bet ween vehicles, detecting blind spots not exposed
Theypresentipyatien eclatiming m@q%fc%ﬁmlsﬂm@ sersARiuger (¢vases by uglizing novel
er

po&Q‘ﬁ' v Cl%l :p ltﬂglo %%g%{lq[qlﬁog Bré)léri(fgg goJe%R?%@éiﬁgtgrﬁs(}ﬁ which at least one
hmamp@aﬁbuﬂangmﬂsé€hﬁﬁhym@ésﬁhempsmméﬂsﬁsﬁguqmbmmrprpobnmm

t.an nuf act ur i
coppgiiip o Tgdeat e GRS L AR S PSR copsgry inegrared
cihit bReo@bdledi@riciRSice UIGRABIR B bfc@&sin@ @0 pbMeti Patefials in
phatodjode is built in the silicon |ayer. Standard
mguEcBEngi thmo5and metal circuitry are built above the
diode to transfer the current. Directly above the
diode is an optically transparent material to
Deseripaémef Related Ariom t he devi ce surface and through a
color filter to the active phot o- di ode. Transparent
protection and planarization material is typically
Thel caummbrajadexse bhée@mntcrinfagd: !seastsrs andeafreuice bas iidreased dramatically over

are over | anari,zed | er
SRR o8 s PAip i, 48 PR, Tagwef G ey safery
feqifieh OF ABOB6hilekt 2afok ¥stanatiag qumtdasdj&t\ir@y @'Ehl&@ﬂﬁytbamg blind spots
pl aced over the |ens or alternatlv %%Ja | ass sl.ide

Hqt exporeygmyTass et M anyetrEnicanaugion rmaRptacreh Aty Gonyeiing production

iR IVERIOS R8sdr pRtuaish b RRcEAUQIemalP SEMOEIE &R RERhHc@fife uses
built using subtractive alum numi CVD oxi de

manstod e pregesess cwirenilyowed iprstangprd ICanannicyringardggloes pejrequire a
larrgg gaﬂﬁpﬁfv%&tw groduce state of the art devices.

Fi

Processing from the bottom up, a photodiode is built in the silicon layer. Standard dielectrics
and metal circuitry are built above the diode to transfer the current. Directly above the diode is
an optically transparent material to transfer light from the device surface and through a color
filter to the active photo-diode. Transparent protection and planarization material is typically
placed over the color filters and device. The micro-lenses are built over the planarized layer
above the color filters in order to improve device performance. Finally a passivation layer
maybe placed over the lens or alternatively a glass slide is placed over the lens array leaving
an air gap between the lens and the cover. Most CMOS sensors are built using subtractive

aluminumy/ CVD oxide metallization with one or more levels of metal. For the manufacturing



10

15

20

25

30

WO 2007/ 144371PCT/ EP2007/ 055818 2 of pl anari zi ng

| ayer or mcro-lenses are al so used organi c pol yners

such as polyi mde or novolac materials or maybe

j.nes sil oxane polyners. Oganic polyne

W(gﬁl\%yé‘%ﬁi nto two different groups with r esp£§¥/ﬁtﬁig0?%§w

behavi or of 5their dielectric constant. Non-pol ar

pol ymers contain nol ecules with al nost purely

coval ent bonds. Since they na?nly consi st of

non-pol ar C-C bonds, the dielectric constant can be
ofgdanarizing thyersérmgicrsnleyses ergsilseyrsedwe sethe e lyaers such as polyimide or

conpositipon. Po ) ave | ow | oss, but
m?gpggym%%%fgﬁgb%?%ﬁﬁgbfggﬁé?gggﬂgkgﬁéctronegativity,

which give rise to an asymmetric charge distribution.
Ofbanis ppBhRFs qaalby Abridedhiaewb difeermt dicebewith raspdcdssthabehagior of

diel ectric constant, 10 mhicq%ﬁegen S on ngl " 1 alent
thei diglsetiieyroRitente R BYI A RIDET R CORR FfeRYS itd almost purely covalen
bRM@|SuRk @by nPANIEBhsi€ o8 AGH-Pol AT YITBSfis NBY Gicleeid constant can be

devel oped for dielectric purposes. Howeve

r,
esg@meﬁ HeBE pp]ﬂyle@qitytaﬁé §h§mijlﬁ§mpgsiﬁqqrf9]éap%g@%§]g ngk have low loss,
but Rthdr chitiintaRfhd B diﬁér@@déc{r&eg%@{ﬁy? &Rh £fRGisc to an asymmetric

Incompatibility wth traditidnal "techndl ogi cal )
chargecigsisiesioo clhels ppldpdipmersihgge Iy akes dietticeicdessrang ¢ digipggric constant,

X | e, organic pol r . 1 cal :
wRER Rt 8P anae SFErBRARR i EE] S8 srabuned, Seyeral oreanic
pobihdi® Hivedaem gévetpptd fdrdididchnin pulpeese Homeveroappliodbilitg o these films is

.focus has been on SSQ (sil.sesqui oxane.or sil.oxane) or...
g e se SR Y TR T SPT S R AERPP G R tHdiional
techaQ RRB P oBRER ded1Sped Ibi SIES Bie@YRNR(cS] Fop ¥RdiR)le,i0Bgdniepolymer

el ementary unit. Silsesqui oxanes, or T-resins, are )
cappejdrichernisalreahipric palished poeighadrhackpby dryipecesyng without damaging
jrical formula (R-SiB12)". The npbst common
representative of these materials conprise a
| adder-type structure, and a cage structure

contai ning.ei ght. silic |
iR elpe & FAIay B 5T GRS b oK) brSea basa
diglkdtyit andbicalmatefdlk Boy SSQbdsednydteridlg sijsesquioxane (siloxane) is the

si | sesquj oxanes. have reasonabl oad.sol ubil ity i .
cIRBFHHN UBHoIRF TGRSl BB PRATF T g ybrid polymers with the
enﬁ;&iﬁ&l bl DR -1 ), THENBoR EGBMoA répuddsiithfive F3ha9s AMtetials comprise a

I'ow density and | ow 25di el ectric constant matrix
ladger dYHeAITUCtIfe ahRARS GITETEE CPTRINIE 75 FificdF AtpTREPiAcAd ! he

AN S T8 ifil ey AR, laBRRI Akdxy, and aryl.
vefieE bt Bl TRbR ?“ng%%&nﬁ"té‘? ey ANl 1 lg_%nol Y
M3 dlsesHmxsidsdeseamrabs gbers vy ¢t Fehmoy piganic solvents due to

m croel ectroni ¢ appli.cat | - 1] A :
thﬁ'gr/ 81r'g6151§ ig ﬁtlg.lglsoal lﬂn(%)ci:.a”fr'%lg’orﬁ%%’ s%g%ldﬂgﬁ 151J0¥1de low density and low
disrttiy bomitdns Stk mxtane, THeAbBZSIABEAS cor(sMBOQ)L. thdB@rix material is also
materials have.a_ | ower dielectri.c constant. . N
S5 BB B PR BURABLBE SR R ERrS PR Wi e $ie0 gpp in SIO2
T QB q38x#nethadtiPmBtelal Sfof mifroslpeEdnid/Glplicaiad atcamsinly hydrogen-
polarizability of the Si-CH3 bond as,conpar%gdhg i
silspsqpioxprsnBhE) and medl-silspiagiorarfe CIar Sy {Q materials have
a gvs%g Hi!teﬁeg{t{ﬁ%ggstgﬂ Rk Ethpare PoARS bdeattsel ? tHe 12rgBN Gz A MBYSH; group
~2.8 and 3.0-3.2, respectively and lower polarizability of the Si—-CH; bond as compared to
Si-H. However, these films index of refraction at visible range typically around 1.4 to 1.5 and

always less than 1.6.
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3 The silica-based materials have the tetrahedra
basic structure of Si02. Silica has a nol ecul ar
structure in which each Si atomis bonded to four
oxygen atons. Each silicon atomis at the center of a
regul ar tetrahedron of oxygen atons, i.e., it forns
bridging crosslinks. Al pure of silica have dense

" structures and hi gh chenical and excellent thermal

stability. For exanple, 5anorphous silica filns, used
in mcroelectronics, have a density of 2.1 to 2.2

- g/cnB. However, their dielectric constant is also

Qi AR N tbh AT hAveOnd RufaRr¥gsié QrbhdBof £i60USAGhas a molecular
di spersion-of the dielectric constant which is

yiairtyrean vehich ¢aeh Ri gampebenrded &biour exyeeh atoms. BichGilisondiom is at the
éﬁt%%gga%gm} d{etrbﬁedpo%co%%§§%m%t%&é ?Ql ﬁcfgm%%%dg{né@ersghnks All pure of

gi ng gr oups ’cont al ni ng
Sjﬂ[c(alhra\se desnsle ktrlamré‘d-ﬁldgngh.qjﬁmlm hmhexlcellear thetrhd slabilay. Fer example,

e 10 arganic units reduce the degrees of
R 5111&? Ty, ipggdn %&CI"\R@F‘F“‘WF& hayeadopyy of 3&&0 ot
IkkﬁireW@ﬁ Ahdif\BelBRHE ConsBmt BuBolfetStaBEihg ABINAD 8NE 2 due to high frequency
Therefore their nmechanic strength (Young's nodul us <

dgspersia of Alkiigleetriv canstant whish anvetalsdsto leechigle polexizabiite af the Si-O
btoﬁd%1 q’fn&%gbg% ek n tf,elgéa rg%}g%é%% ().r ﬁio‘?@ Slﬁg—g‘? %ﬁdgmﬁgroups with C-

dnatu&nn:@rgﬁmw glloylpd: tsw}msﬁkj glguﬁshwhls]jl dliv@b,rs thy rkmahiel However, these
S e o2 STyl b e e o

. HeRWRR HicQRolcb NG Ricits sBFfiONindRdca TR Ire, hhegﬁnleaﬁﬁ?é s@Ength (Young’s

refraction sil oxane pol yner conpatlble Wi th

naqdylist ©HER) ndichgpivalbigsistanceds tedpsad)copipared $& fefrghesiaal silicon dioxide.
A o e AR Rt TS Q) OB Riivelylow racking
timeshvi d] édbicalliyren tiodordér afddinfi yi kegs. t he nononer so as to

form a novel organo-functionalized nolecule. 25 In a

third enbodi nent of the present invention, there is

provi ded met hods of pKafWeiry®f B Myek@RN0 Si | oxane)
conpositions, which are suitable Tor the preparation

of thin films having excellent dielectric properties
Im piae Qj@qu@apnt ,5>|f @lp‘:gqr@qe@tsmventlpp, therp af e idedv Belv iggfex of refraction

1REDSRED TRy B Lot b HBY Bkl ans s
mngﬂmmwnapmumemmernal properties, said filns being

formed by the above-mentioned polyner. 4 In a fifth
|nvent|on t here

enbodage E %f t he, present
: hb? SPPRL EMBPEmERt 9f; presrat iaveiog; § F@dﬁp@ﬁiﬂb@?é‘lﬁh"d of modifying the

nWRbRESs0 aEE REMANRLWRE BighndiRedbIBMSmolkQdet her wi th
t he advant ages thereof over the known dielectric 5

thin filnm and nethods for the preparation thereof,

%ﬁgg\ﬁs %ldlmé?—.‘?SP Féggrﬁ r%l%tl&lé ?}!{Qré B 6&{1& éﬁ I‘Eletﬁgdsmqprorziucmg

are acco

_ phlg(egarafsilexandpsanpdsaihng mdndi ae B‘mdable for the preparation of thin films

having excellent dielectric properties and optical properties.

In a fourth embodiment of the present invention, there is provided novel thin films, having low
dielectric constant, excellent mechanical and thermal properties, said films being formed by

the above-mentioned polymer.
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In order to achieve these objectives in the present
i nvention, novel polyorgano sil sesqui oxane 10
materials, which are based on nultisilane nol ecul es,
and useful as interlayer insulating filns for

sem conductor or optoel ectronic devices, are

i ntroduced. GCenerally, the nononer of the novel
materials conprises at |east two netal atoms, which
are interconnected by a bridgigg hydr ocar byl radica
and whi ch exhi bit hydrol ysabl e substitutents 15 on
both of the netal atons along with at | east one

B Gl UEIHE Bl S GARANLA Rt BRENAMLNRc ayers onsilicon

andelgpoivgiees: | fornrng nanoneter size porosity to the

pol ynmer or conbination of all previous properties

fornmed fromthe nmononmer. In particular, the netal

e datiger ShibbSigknR! @EBtheratith thbadhihiagded herebBEkiee e knSwn dielectric
a linear or branched 20 (bival ent) hydrocarbyl grou

ttm. fams ppdwesthodnlon iy rsenaration tharedsViisydtalldecome apparent from

B B G oL b e S h A o TR ferdescribed and

cddnnedon at om contains two hydrol ysabl e groups and an

organi c cross-linking group, reactive cleaving group

or polarizability reduci ng organi c group, such as an

bkl to Rhleeditese jkativgd in thd Hresenpdlv e ioa) lhrﬁ/eglb(ﬂytﬂgﬁ’fo silsesquioxane

organi c _contajning silicon group. The latter gro

IRk SIGBEY DS OB AR PRt FHIbHS Rk b aLeTpcrgpralating films

- BSREGLonBhctb ogio%ﬁe%ﬁ‘&mb B¥EOL! BB intfodGEQ. 1 S provided a

sem conduct or devi ce conprising a sem conduct or
substrate 4a a plurality of photo- dlodes arranged
aﬂg RS %01%) neruo 00 nove 1§1ta rélalztﬂs ol 111 aes L1 B S meiia},]atoms which are
tric matérials as Tntercon ayers on

11$tldh8ﬁ1{eafeﬂ by&&irﬂgiﬂ@ﬂ’@ﬂﬂ)@ﬁﬂ)?hﬁdﬂcﬂmﬂ Whﬂﬁfdxhibﬁtglydrolysable substitutents
ertures at the photo-diodes; a first yner . whi

ofhso tth%mﬁtélpgto% éﬂﬁ)ﬂ&gﬂ t keaﬁ;&ne Preanig Ué) V@?JE)IH]@ capa%le of reducing

ﬁﬁﬂﬁ{zﬁbﬂﬁy &ﬁh@ﬁolgﬂ‘nlmt %@?Eﬁ@&nﬁﬁgn%)m Q‘mglﬁﬁg nanometer size
l'ing pol ymer [ ayer opposite to the photo-diodés; a

pgmnmb thopylymer ar qoargediope! elhprevivuepopemiet foringy Gpw the monomer.
for covering and for planarizing and passivating the

color filter layers; a plurality of ‘
Iﬂpaﬁaﬂhle teasetdrdta@ngad sdidort aipmefant! hie: Wideivaradicalds a linear or branched -

(&valer%e Lydggparg)lrl tg?oép%vhlch links the two silicon atoms to gether. Furthermore,
typically one of the silicon atoms contains three hydrolysable groups and the other silicon
atom contains two hydrolysable groups and an organic cross-linking group, reactive cleaving
group or polarizability reducing organic group, such as an alkyl, alkenyl, alkynyl, aryl,
polycyclic group or organic containing siﬁcon group. The latter group may also be fully or

partially fluorinated.

In one aspect of the present invention, there is provided a semiconductor device comprising:

- a semiconductor substrate;
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10the color filters; and a third pol yner |ayer
arranged on top of the m cro-l enses for passivating
the mcro-lenses; wherein at |east one of the pol yner
materials is conprlsed of a sil oxane pol yner and
wherein at | east one of the polynmers conprises the
general chem cal structure (I): 15 5 wherein: Rlis

a hydrol ysabl e group, 'such as hydrogen, a halide, an
al koxy or an acyl oxy group, 5BEIS hydr ogen, . an
organi c crosslinking group, %active cIeaV|ng group
or a polarizability reducing organic group, and R3is .
a bridgin r j

ar oup, “viher by ERF R B D URRETE gL B BPLor N RERL Wi |
hi gher, omata rlmespme:f éuehbiriy rmteda@a@tm@%mﬂcgheﬁ,s onrthiesubstrate, said
of refractlon thaﬂl ter al defhgin% tﬁ%ﬂ )

aper tur e. "FFPHE 8{"?{%? 5%%%1}*’“8?“? © PRYIGHII SR,

formul a | adhmgosmiebaviad @It thy gabisfsharand chichds phbto-diode;
precursors, viz, a first initial precursor

cor r espond&eisef pelpniilters ranged o fop pie gep angmotymer layer opposite to the
hydrogen. ,ihs. f&kend kind of precursor have formula |

wherein Rf stands for an organic cross-linking group,

a reactive scaslpolymgr oupngsd e gol mtergoabédt jlayers for covering and for

2ot 10, S8 SRy s BIRBRYFIRDT
al kynyl , apralitpef m@-ﬂdn@esgmnm odch efthaplatarizing polymer opposite to
the color filters; and '
- a third polymer layer arranged on top of the micro-lenses for passivating the
micro-lenses;
wherein at least one of the polymer materials is comprised of a siloxane polymer and

wherein at least one of the polymers comprises the general chemical structure (I):
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contai ning silicon groups. Conpounds according to the

formul a wherein R2 group is hydrogen can be forned by

a hydrosilylation reaction wherein a trihal osil ane

and a di halosilane are reacted in the presence 20of

cobalt octacarbonyl so as to forma

1,1,1, 4, 4-pentahal 0-1, 4-di si | abutane internedi ate at

good yield. This internedi ate can be converted by,

e.g. hydrosilylation, to replage hydrogen at position

R2 so as to forman organo- functionalized silane. If

R2 group is a reactive group, the group may deconpose

during the filmcuring procedure and | eave behind a

cross-1linking grouffzor pol afli zability reduci ng group

or a conbi nation thereof. n anot her enbodi nent of

the present i myenrtiSoa, the-SieotyRer is produced by

hydr ol ysi ng the hydrol bl £ groups of the

mul tisilane nononek or a c i nati on of ‘the polyner

described in the inVention or a combination of

nol ecul es of the invention and nol ecul es known in the

wWhkdreif: and then further polynerising it by a

condensati on polynerisation process. .6 The_ne

material &an b& LBeplyeblyerem P%CZH a3 By Pt AR, phglipxy or an

an obj ect conpti.§i . a (silicon) wafer. In a

further enbodi&gﬁ?gggg?%e present invention, there is

provi ded Renet Fdg/dofeeh.cmrrgamicerpislinkiBg pfonpeaigheitye gleaving group or

dielectric constant. of..4. 0, or less.or nore,preferably

3.5 or less anaplofr%l%%ﬂg?’ r?dé';&rnggﬁ%%c TOre m}%}]an 1 58 or -

pref er abl R;nOr & 4 Higigink 16Randér o hE&hbivalamdlydrgidyl group,

range, conprijsing a -noponer, having the fornyla.l, . .

st Shed ittt abeT Fasadaf iepst 1ieighsr rapre st dgst 5 B hgher,index

JFRERLSG thhdint BcdiQf dBrRfnednd Autayer; and curing the

thin layer to forma fil'm 10 Consi derabl e advant ages

are obtained by the present novel materials and by

Itl'lh 5 tﬁgl‘t alg 0690%0 (5] %lavgllljtfl anc,: %OL%'I[IIIU% CtOt}?IgItW(-)r gﬁlﬂ %ﬁ?e?&t %{-{]ﬂs %f precursors,

Of"'hE p?esen inventron presents a s ution Tor

B iaSirktrigitipr pbdvedos coedsporid to Gorapla loellereh &, eahd fa hydrogen. The
racti on, CMP

- -~ polymers, . nore specifical i nd of ref .
R DR T seoR BTt | P B: R ot Fastl et inking grou,

NREARERAving %ﬁ)ﬁf? lopg FBllaﬁ%?o'ﬂ% SodBfh g oRRR B rol, 8PEIhliftions thereof.

also applicable to ICintegration tenperatures The ]
Thichqnerospsere eppraented by alkylyalkenydmpiomyhBryd podyclyelighgroes and organic-
radiation. (pr rably UV wavel ength or e-bean).
(Qﬁ%gW%%SE%%ﬁ?ﬁgg'optionally carried out

simul taneously with the thermal curing process.

Compounds according to the formula wherein R, group 1s hydrogen can be formed by a

“hydrosilylation reaction wherein a trihalosilane and a dihalosilane are reacted in the presence

of cobalt octacarbonyl sb as to form a 1,1,1,4,4-pentahalo-1,4-disilabutanc intermediate at
good yield. This intermediate can be converted by, e.g. hydrosilylation, to replace hydrogen at
position R; so as td fonﬁ an organo- functionalized silane. If R; group is a reactive group, the
group may decompose during the film curing procedure and leave behind a cross-linking

group or polarizability reducing group or a combination thereof. -



The novel organo-functionalized nolecule can be built
into such a formthat it is capable of father
reacting in the matrix. This neans, for exanple, that
the organic function of the 20 nol ecul e can undergo
cross-1linking, cleaving or conbination of both, i.e.,
subsequent cl eaving and cross-1linking reactions.
Enbodi nents of the present invention provide
excel | ent chem cal. resi'stance and very | ow cheni ca
adsor pti on behavior due to hiéﬁ‘cross-linking
bridging group density. 25 If R2 group is a cleaving
group still very small pore size is resulted in,
i.e., typically 1.5 nmor |ess. However, the polyner
Thanhoier eattodinakinn gf tho prerseru\uatenﬁmn itlse mil;smrdsmqoaudeb be hydrolysing the

with tradition type. ens such as Xt
RS g oe® Gt B Y BRPAREPS B BERIgLh LG helvier described in
ROy ERIonaRd chiYfafiSHINCRoIENBesdifEhE@ Eritien GOM fbRBElcOknown in the art
the polynmer. 7 Another inportant advantages can be
anf] shentfinhes po bymesisme didy aioafienspiqneokar PRSP RS
excel l ent  properties of planarization resulting in
excel |l ent 'l ocal and gl obal planarity on top a
sem conduct or substrate topography, which reduces or
even fully elimnates the need for chem ca
nmechani cal planarization after dielectric and OXIde
| i ner deposition. 5 Furthernore, the novel materials
can have excellent gap fill properties. By '
i ncor porating nanoparticles into the materials
conprising a disilane structure having optlonally
functional groups the refractive index which is
al ready high conpared with 10 conventional sil oxane
materi als (about 1.65 conpared to <1.5) can be even
i nproved and values in the range of up to 1.75 or
even hi gher can be attained which makes the novel
materials particularly attractive for CMOS canera
applications. In sunmary, enbodi nents of the present
i nvention provides an optical dielectric siloxane 15
pol ymer applicable to formng thermally and
mechani cal |y stable, high index of refraction, dense
dielectric filnms exhibiting high-cracking threshold,
| ow pore volune and pore size. The polynmer wll give
a non-aqueous and silanol free filmwth excellent
| ocal and gl obal planarization as well as gap fil
after subjected to thermal treatnent with having
excel l ent electrical and optical properties A film
made out of the novel polynmer remains structurally,
20 nechanically and electrically unchanged after
final cure even if subjected to tenperatures higher
than the final cure tenperature. Al these
properties, as they are superior over conventiona
optical dielectric polyners, are crucial to overcone
exi sting problens as well as in order to inprove
devi ce performance in optical dielectric film
integration to a optical sem conductor device.
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25 Next, the invention will be exam ned nore cl osely
by neans of the follow ng detail ed description and
with reference to a nunber of working exanples. Brief
Description of the Drawings 30 WO

2007/ 144371PCT/ EP2007/ 055818 8 Figure 3 shows a

t hernmogravi netric di agram of high index of refraction
Pol yner 4; and Figure 4 shows an FTIR spectrogranme
of refraction Polyner 5. Detailed Description of the
Invention 5 The present invenion provides an

~optical dielectric polynmer conprising at |east one

O34 47 e B Bt b Pt Bl B 8 g Somprisng 5.4
(@M€odfwae silicon atons al so contains one organic ‘

cross-linking group, reactive cleaving group, index
refraction increasing group, WV bl ocking group,

- of ‘ '
Iggil .e¥ @B’bl)dh['n}!:nt; ﬁﬂﬂ&p&@&npfngéﬁioﬁ @Le lf@pl%(ridgd a method of formmg a thin

inatron o evious such as an al kyl,
filhkieminig,a didlbopriy Lonshdt @4/ or lpss oy avooeniiefecablp 815yor ek hied index of

oup or organi_¢ containing sjli . One:,of .t he
el E 5T BHR |6 POl BB GO 25Te i B gt inee
doBrigth @ indnbBmeehdVell @k Y&aRlel, Grfotps sitédabhiddial, depositing the
form ng a continuous siloxane backbone matrix once

sHpwrosimpsetal myihe fompatarthipdayensnd Furng he s st tofam g &l

al koxy or acyl oxy groups, but nost preferably 15 _
chl ori ne, methoxide or ethoxide groups or any of '
Gdrsiderableridiantdgies are oblinegdnahapresent mupichmhteghls héby the methods of

rﬁqr,@ uh%gl% ﬂillje%st ﬁfggkgfﬁ%g&%ﬁg ozf%j Hcl)rgi?i}l{lm%ehn%og rp?esé.grﬁts a solution fo;
existing problems related to optical dielectric polymers, more specifically index of refraction,
CMP c‘:ompati'bility,' mechanical properties (modulus and hardness), cracking threshold and -
thermal properties, also applicable to IC intégration témperatures. The film is also particularly
applicable to light or radiation (preferably UV wavelength or e-beam) enhanced curing,

optionally carried out simultaneously with the thermal curing process.

The novel organo-functionalized molecule can be built into such a form that it is capable of
further reacting in the matrix. This means, for example, that the organic function of the

molecule can undergo cross-linking, cleaving or combination of both, i.e., subsequent cleaving

“and cross-linking reactions.

Embodiments of the present invention provide excellent chemical resistance and very low

chemical adsorption behavior due to high cross-linking bridging group density.

If R, group is a cleaving group still very small pore size is resulted in, i.e., typically 1.5 nm or
less. However, the polymer formed according to innovation is also compatible with traditional
type porogens such as cyclodextrin, which can be used to form micro-porosity into the

polymer and thus reduce the dielectric constant of the polymer.
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R1IR1 wherein: Rlis a hydrolysable group Ryis an
organi ¢ crosslinking group, reactive cleaving group,
pol ari zabi Lity reduci ng organi c group or
conbi nation of all previous, such as an al kyl,

25al kenyl , al kynyl, aryl, polycyclic group or organic
containing silicon group, and WO

2007/ 144371PCT/ EP2007/ 055818 9 R3is a bridging |inear
or branched bival ent hydrocarbyl group. Rl is

"preferably selected fromthe group of halides, alkoxy

roups, acyl oxy groups_and hydrogen, R2 is prefer bLy |
therimgontdng g smjages (éipé‘)ﬁ 613513’[ g nex yqptt@e}l &Eﬁ%@?‘l%‘fp%ﬁ%“a? ave excellent

SRR RS, LI MR 8 AAPD iy onto

salieotedorf substrad iwpegraphydwhichmehveds aleky Bills chmenagss the need for

S EPrESg R AR B RGPS L PR i B GPlE ™

aromatic groups which all are included in the

[defhmhdre QRe Advedmiievials @Ak hd Gk edrhiyth fON@uportik0 The
cured conposition obtained by essentially

honopol ynmeri zi ng nononers of the above fornula, with
Byipsemomting sapopagicles e Ricanaseril pepsnprisiiiafisilagpsfpictuseaving

' . osi o _

B R R AR IR ctad high compared with

donlentiotiAlsk exunk ‘mansialsyebbuln @168 icompared tdelsS) can be even improved and
straight-chai ned a branched al kenyl| .groups, such, as

S 1D e gt D7 b s et ar G v e DBRR naadovel

PRERIDpdrBs]IMdestadh it MORAanReh MBlcdibanched al kyny!
groups, suitably acetylene. "Aryl" means a nono-,

bi -, or nore cyclic aromatic carbocyclic grquh o
I gy miany eedodiments od shetpseseniuneatiior repvsice an eifticak dipleefrie siloxane

P By LB BRI OOy iy o i,
defladicibothic fithd ediitivhg hidboriokink thedpld, jownporboayneand pore size. The
pr(])?yrn?e?% egivel\e/lbnro?l-asq%ggdsfa,in& gillaln%l fnt:ehglma\lwhjg le:'cceﬁlerﬁ ?onéz/zl andl global
planarization as well as gap fill after subjected to thermal treatnﬁent with having excellent
electrical and optical properties. A film made out of the novel polymer remains structurally,
mechanically and electrically unchanged after final cure even if shbj ected to temperatures
higher than the final cure temperature. All these properties, as they are superior over
conventional optical dielectric polymers, are crucial to overcome existing problems as well as

in order to improve device performance in optical dielectric film integration to a optical

semdconductor device.

Next, the invention will be examined more closely by means of the following detailed

description and with reference to a number of working e,xamples.

Brief Description of the Drawings

Figure 1 shows a schematic cross-section of CMOS image sensor device;

Figure 2 shows the thermogravimetric diagram of high index of refraction Polymer 3;



20 al kynyl may be |inear or branched. Al kyl contains
preferably 1 to 18, nore preferably 1 to 14 and
particularly preferred 1 to 12 carbon atoms. The
wéthdt¥hadss Preferably branched at the al pha of ?ﬁ:&»ﬁho? 055818
position with one and nore, preferably two, 8 to 66
al kyl groups, especially preferred hal ogenated, in
particular 25 partially or fully fluorinated or
per-fluorinated al kyl, alkeny? or al kynyl groups
Sonme exanpl es are non-fluorinated, partial
Figiugdrshaws e theamegrpemefdcybagramoéhigh Jtpi%zé p?refra@uqemmer 4; and

F@#%f%%ﬁé%ﬁ@ﬁ%ﬁf&%&%ﬁg&Pﬁﬁég$féwﬁh W?ﬁe al kyl group

is a lower alkyl containing 1 to 6 car bon at ons,

whi ch optional | ypheats D]esérgglt% oSSt %'nt‘;életrggns sel ected
from met hyl and : : [, n- propyl,

i -propyl, n-butyl, i-butyl and t-butyl are

5 RS ALt REL ekl apmy o s o

mpltieil e aidnynet unit whith, at teasteonp bedaaicaipldying gt@pbétv%ﬁl S]]lCO[l atoms. In
articul rI preferred 2 to.12 carbon atgfsn The )
U i ‘3 the siliconaigms aliofoR Al ORE OIBRIGSTPS i TIH Y STppPdeactive
crmm 2r&) Uik Sf er;a&ﬁrnaﬁéryashr@cgb@ﬁ At blbaﬁnng}shIs ip@RriZability
or hi gher related to the Si Matomin th
refrsfiRacrEANic oA Ohe BombiRa of .aB Pﬁ‘r‘@fﬂé P! 35 2B rﬂéfﬁb ﬂléansét alkynyl,

10 ngglqu 2?12 r agﬁtﬁg’tp Wgég/%l %t?%iptcé %P%a}gﬁ)/clt &n%?%ﬁéjﬁco‘iﬂl}j al'k ynyl

gr oups, particularly preferred quorlnated or

: O%I ?(f tﬁl uﬁgoglﬂz} ct)nelé:i coqn K S twal K n%yﬁaglrefg QXA thdH @% eg h}ydrolysable

al hs era nore- pr

grau]is&aﬂéblcﬁdittfoﬁﬁmg laeu]htambys moeﬁr&rtraelcboae matrkZomca hjadmlyzed and
ons. . The eth I|n| rou mo car bgn at ons
AEgdvinehas pidpt o8 ar ref OFY SHIBE- LB ‘Dreferably

15 chh&ﬁlet B6hatidé Bieetﬁ’&ﬁdlé g@ﬁps%r@ﬁ bi Gibietombightained to the
Si or Matomin the nDIecuIe Branched al kynyl is

preferably branched at the al pha or beta position
THM %vgﬁe rﬁﬁ]lq I %P{h% r&ﬁf%f)faﬁs%@ lfé/r lﬁo‘f%erﬂﬂc}nQn @Q: Iﬁesléﬂﬂ invention is the
al eny or al yny groups, ti‘cularly preferred
fofewinfri uori nat ed al kyl , aIkenyI or al kynyl groups. 15
The bi val ent alicyclic groups may be polycyclic
al i phatic groups including residues derived fromring
structures havrng 5 to 20 garbon atons, such as
nor bor nene (norbonﬁenyl) and adanmant yl
(adamantyl ene yl ene” ktands for bivalent aryls
conprising 1RG5 efetably 1 to 6, and in
particular 1 to 5; fused r|ngs, such as phenyl ene,
napht hyl ene and aR{ hr acen;.

20
wherein:
Ri is a hydrolysable group
R is an organic crosslinking group, reactive cleaving group, polarizability
reducing organic group or combination of all previous, such as an alkyl,
25 alkenyl, alkynyl, aryl, polycyclic group or organic containing silicon

group, and
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20 The aryl group is preferably phenyl, which
optionally bears 1 to 5 substituents selected from
halogen al kyl or al kenyl on the ring, or naphthyl,
0%?4 tionally bear 1 to 11 substituents pgtppidfosssis
alogen al kyl or al kenyl on the ring structure,
the substltuents bei ng optionally fluorinated
(including per-fluorinated or _ partially fluorinated)
25 The polycyclic group is f of exanpl e adamant yl
di met hyl adanantg propyl, norbornyl or norbornene,
which o ptRso nafid a/brixkeas lapegr a fisanched fipalent dy diegbHeraiPs o
optionally 'spaced" fromthe silicon atom by al kyl,
al kenyl, al kynyl or aryl groups containing 1-12
Rpiaptuﬁmbly 3€edtytiframnlsagbep gfrhmiipes slkamgomp:sr adyaixagewps and

chl l.a
e M S S S R e S A M
rbtﬁs@?@l}cycﬁ@ Yilo@) Yr ofdyeic OGREIndE sﬂi&yn Qltohp},rand \1@13 preferably selected

2007/ 144371PCT/ FP2007/ 05581 ro t ca easi | d
frepa lipgas 394 brapshed pileylong geves: 2HGRY ﬁ%’ Loxpylgns eroups, an

bifaléht aBARAE Qﬁﬁ { eﬁm?éne@sap@aﬂmm% @ro@ﬁalﬁ@ ¥Youpt GHRS all arc

stand dgenerally for a group having the fornul a R40-,
ingldqddin theRiefisitign @8 a pomelest byregarbyl 293p.def i ned above.

The al kyl residue of the al koxy groups can be |inear

or branched. Typically, the al koxy groups are
Thﬁﬂﬁﬁh&a@oﬂﬁoﬂQM@mcébk@myn@ﬂphQQDMéwmm¢ﬁﬂguumdmmxwm@mﬂmwe

h as net.ho et ho u

fo g BB GE  PHEC o Bk O BBt
orddiRk@dxandPpol$ina) ds. ﬁogr(o@maﬂ&wnemt chafbeietheliGnakhahie film.

I'n particular, the alkyl residue of the acyl oxy group

can have the sanme neanings as the correspondi ng

“A]Eecﬂy@% vsdl ReldSin FREIEY sEHiSHRhained 4 BrilRhEPNLEW! o@lipd, B as vinyl

di s¢l osure the organlq,gro;g substituent hal ogen ma
angellyl grouns) Thegerm alkyrl osh wpdihrainppcdydss sifpightcheipedggnd branched

%@gé@%&’ S%%SWSF“@%EQ%?\'}?I; affé PmkR& n§1 %r%ﬁo‘ﬁ?&}cﬁ@ aromatic

I ne atom nonomner
cadfocfdicranbwp, bybstitmedsir npe-ewbsttuteds cmn@ktm ofi eyl ategphernd naphthyl, or

B lprothyippbs o e, st ERbtrtin et 6 Sl gamanist
&ﬂl&ﬂh@fﬁadaﬁiﬁﬂﬂ?pbﬁ@ypﬁoﬁdﬂnyﬁm Iﬁ»rlidrlliﬁﬁer MareopasfidaByj the hlkgﬂl% alkenyl or
al kyl ene, _al ken e and al kynyl ene groups.

%H{?@% hetl n@@O@g dgeneral 1y have the formula

-(CH2)r- in whichr is an integer 1 to 10. One or

both of the hydrogens of at |east one unit -CH2-

AM @ab@tsmmfp 1Yb1yt0a1r3ym@fe rreferablypkto; Ithsed paripeadly Bﬁ@&ared lto 12

Tifie nRUKS Bidrity pRnORRS BRGEEARP Bl bOLRLIVAIRBR and
YESI mS ]h @ont a| ast onﬂ% %OU F In
md)xheprl&@enbrbbcmolo €n tda@mdbﬂrgeoupb fespdvantly mfmaﬁwétr%hatﬁb uﬂbpie'tlculal‘
are prefer " ¥+
et BB e B oE PSS BR RO P TS ar ANTYEE some
extafipleB @re non-fluorinated, partially ﬂuormated and per-fluorinated 1—propy1 t-butyl, but-2-
yl, 2-methylbut-2-yl, and 1,2-dimethylbut-2-yl. In particular, the alkyl group is a lower alkyl
containing 1 to 6 carbon atoms, which optionally bears 1 to 3 substituents selected from
methyl and halogen. Methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl and t-butyl are

particularly preferred.
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25 hydrocarbon backbone corresponding to the al kyl ene
resi dues. The bival ent |inker residue can be
unsubstituted or substituted. The substitutents are

5 ly selected fromthe group of fMro
W‘Er@?r}g{%?lo- al kenyl, C6_18-aryl, acryl, epox)I/’me)mW055818

carboxyl and carbonyl groups. A particularly
interesting alternative is conprised of nethylene 30
groups substituted with at | d8st one al kyl group,
preferably a | ower al kyl group or 1 to 4 carbon
Akenytsontaigs arefesshly £ tof 8 tiere prebuehly dt¢ bhandopagicukelyaeferred 2 to 12

L chaj N bt ai . .
el 39 B uloib b6 bundlfqn Binded ity ubig bond. groupis
prefesabiy, loeateyl at-tieHfdSiidh -2 ardighen ndlatiditol the Siodrall awgn imetg/molecule.
e A RSP AR P ARl o and more
preREBIEE ol O, 1oE Bidcaledhdl &, alldgyBbHrougs, peti@iardypreferred fluorinated or

connection with the working exanples. Such nol ecul es
pes-Ahopetediisyl rdkay! of Ayl BO¥Ps-f or the purpose of the

present invention. 5 As exanples of a particularly

preferred conpounds according to formula I
Alkynylicpathing peeird iy Bt 18, reerh prefiratily Srio &4 padinaréqubistyerefpged 3 to

j : di % iy ) . .
R AR b, S LTS8 Ltk LA, B, o
prefierdbhelocmddio chegasiod i2rng highet, hedatpd @b i oM et iorthe molecule.

SRR N OORVER G < TR,

preferably two, C; to Cg alkyl, alkenyl or alkynyl groups, particularly preferred per-fluorinated
alkyl, alkeny! or alkynyl groups.

The bivalent alicyclic groups may be polycyclic aliphatic groups including residues derived
from ring structures having 5 to 20 carbon atoms, such as norbornene (norbornenyl) and
adamantyl (adamantylene). “Arylenc” stands for bivalent aryls comprising 1 to 6 rings,
preferably 1 to 6, and in particular 1 to 5, fused rings, such as phenylene, naphthylene and
anthracenyl.

The aryl group is preferably phenyl, which optionally bears 1 to 5 substituents selected from
halogen, alkyl or alkenyl on the ring, or naphthyl, which optionally bear 1 to 11 substituents
selected from halogen alkyl or alkenyl on the ring structure, the substituents being optionally

fluorinated (including per-fluorinated or partially fluorinated)

The polycyclic group is for example adamantyl, dimethyl adamantyl propyl, norbomyl or
norbornene, which optionally bear 1-§ substituents or can be also optionally ‘spaced’ from the

silicon atom by alkyl, alkenyl, alkynyl or aryl groups containing 1-12 carbons,

“Hydrolysable group” stands for halogen (chlorine, fluorine, bromine), alkoxy (in particular

Cy 10 alkoxy, such as methoxy, ethoxy, propoxy, or butoxy), acylogy, hydrogen or any other
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15R1li s a hydrol ysabl e group R2i s hydrogen, and R3is a
bridging |inear or branched bival ent hydrocar byl
group. Thi s nmonomer and sim |l ar sil ane-based

wd%%?{) glis can be produced by hydrosilyl ati opgrHosilosssis
S carrled out in the presence of cobalt

octacarbonyl as a catalyst. In particular, the novel

hydrosil yl ati on reaction cat ail yzed in the presence of

cobalt octacarbonyl or, gener IIy, any simlar

transition netal octate catalyst, is using . )
grong tbsﬁ dannasly B cleavast ofhths moppmsT dyrig pplyalerigdiony g roadensation
po? mcr %cgy' el d, a conpound of the formula above, in

R2 stands for hydrogen, a first
trlhalogenated si |l ane conmpound can be reacted with a

Tlfs:f gg a?‘i“%glﬁ 2 nat 7 ‘|31"| a%l}gué: haviiLe utg(’élf I'Iéllﬁféll’igop el?e%tl R4 stands for
an%@@?éﬂd&ﬁz&- E’@% E’B?EQ&Q[Z}H @&Iﬁfb&f i3 dllyomiy @edupy cdnds: lmear ar branched

reacti ve or ganl C group con‘é:) +S| n n unsat rate b
TBﬂ’éﬁaHY B¢ Rlipat $TEPSHRCHYRIFES P oM B SERHRS| a‘ﬁnc § &ibon

{ SudhGRGYd ty' Sthbdyl 4t batrd cRepow i n Exanpl e 1,
érein vinyltrichl'orosilane is reacted with

5di chlorosilane to form

e b

Tt e RO R o T DB W PR R UG RS o defined
abebet & pardcviar hleh]kgrlh rqsme vf/the whylety gbipees hawe the h@mm@eaﬁmgs as the

of the, nDno & r?ﬂ%’grecursor for the follow ng steps
COGFSReHET Bﬁgg? 5 Y&§19"8xane materials by

incorporatlon of desired substitutents at the R2

position. 10 The present |nventi i.des an F.CL Brorl

Inélpﬁ Gl of (B disslpmpe e B3R B i)ﬁé‘f %E?lf’%%@f et ror
at&:? %réf@x%ﬁfﬁ SYCI20ERTREN &inCRAIb YenS h@Bin@neabd HRuddedhlorine,

of re

action, optically transparent, high cracking
mtthSMGNmﬁnﬂ@mse and | ow pore vol une and pore size
dielectric film The polyner results in water and
silanol free filmw th excellent |ocal and gl oba
Inpheannamdmatoif tormak Ivdlelsilaen aGgeprd lifkied &f ¢agh othgbyie e figker group.

he treat nen eII nt el e
Ty b7 BB KPP e GO PV RS o B ERhmples o
su[t@lﬂﬁ lxﬂl&rgt-dn?ﬁ Ry irthldy alkyRab Adlikaaglehy amindk alyoe groop& [plkylene”
unchange

t final f hi ect
orplgﬁrg@p%f %zgzeﬁ]; Iél’?ll?]@. h_gqglﬁ'fgh o ep.wblr 1%%]& t%gcrel totl8. One or both of the

hydrogens of at least one unit -CH;- can be substituted by any of the substituents mentioned
below. The “alkenylene” groups correspond to alkylene residues, which contain at least one
double bond in the hydrocarbon backbone. If there are several double bonds, they are
preferably conjugated. “Alkynylene” groups, by contrast, contain at least one triple bond in the

hydrocarbon backbone corresponding to the alkylene residues.

The bivalent linker residue can be unsubstituted or substituted. The substitutents are preferably
selected from the group of fluoro, bromo, Cy_1p-alkyl, Cj.;o-atkenyl, Cs 1g-aryl, acryl, epoxy,
carboxyl and carbonyl groups. A particularly interesting alternative is comprised of methylene
groups substituted with at least one alkyl group, preferably a lower alkyl group or ltod

carbon atoms. As a result of the substitution, a branched linker chain is obtained. The



10

15

20

25

tenperature Al these properties, as they are
superior over conventional |ow dielectric constant
pol ynmers, are crucial to overcone existing problens
waod'/Hﬂsgli electric constant film 20integrati QR e PR 7055818
sem conduct or device. The pol ynerization syntﬁe3|s I'S
based on hydrol ysis and condensati on chem stry
synt hesi s techni que. Polynerization can be carried
out in nelt phase or in Iiquit¥ nedium The
tenperature is in the range of about 20 to 200 C
braggdied dinksr chijpugt.g. 26 H(EH1G@ L, continga tetilcy mamy 2&5hbwatbm8as the
O ral | ynerizati i.s earried out at.. ,
S R e BRI R TSPt b @ tbglan e sice
cHayn, b gholami Helowginponitction with yheswodritimgtexarsdes. Such molecules can be
Pol i zati.gn.can be carpied out at refluxing
CQREHCE | BRSNSy (o DR PEESTSEIYRERIFE t he | nst ant
nmonomers W t hout catal ysts or by using al kaline or,
in particular, acidic catalysts. WO

ASexrpIPies £8 7 PRt HiEPY o Ryt s gmgounds pecorgng poogprwel.,  or
. / . . .

L Anc TRt B T P Lyl crosil 1richlorosly)
ethayerche beippationedhd of this range (such as from 10, 000

to 100,000 g/ nol or nore preferably from 15,000 to

50,000 g/nmol). It nmay be desirable to nmix a polymer
Aomgainoed hievania anfattestdpadf theavethgd acchoiiver o el feesdhtdifvention, a

wei ght with or.ganosi | oxane material 5 having a
RGOS HOTBEq A Tbar R e have found that a

sui tabl e pol ymer conposition can be obtai ned by

honopol yneri zi ng a nononer of fornula | conprising

either a linear or,a branahed |inker group. However,

it is also possiblle to proyide a conposition that is

obt ai ned by opoli rizing.first nonomers 10 havi ng

formula I, mﬁérei H%Bﬂgfﬁ%Es #%r a linear bivalent

hydr ocar byl residue, with second nononers having

formula |, wherei RiR3 stard¥s for a branched bival ent

hydr ocar byl residue, the nolar ratio of the first
whiRggers to the second nononers is 95:5 to 5:95, in

particular 90:10 to 10:90, preferably 80:20 to 20: 80.

Furt her m®ie, ishehwipriprablegrofp fornula | can be al so

co- pol y i zed wi.th any know hydrol ysabl e sil oxane or

organo-gséalIP&”@5@§W£¥Ftaniun115a|koxide, titani um

chlori deR;zi r grbrdgim leXl deranthd CORdIHThGRbOLbE @roup.

tant al um al koxi de, tantal um chloride, al um num

al koxi de or alum num chloride but not limted to

THRSEImAN® Fefilat RlARBadedlrhReriMACGAHE ipfkgiuéé?it tﬁrgﬁrdrosi]ylation, which is

preferred enbodinent, in order to nodif
capied pat inj teaspreseee of qobxlapesacagbanal asrd catalydbposi ted on a

substrate of a sem conductor device is heated to

cause further cross-linking, whereby a filmis
In phttigiiae the rvawli hydragilglhtiomkagenahtabredinabé prgseae dfeobalt

ha %ﬁ % preferably.less than 5 % in rticul ar .

ocleg o ap s it AR TISSO I el SR b iepafesilanes as
reactants. Thus, in order to produce, at high yield, a compound of the formula above, in which
R, stands for hydrogen, a first trihalogenated silane compound can be reacted with a second

dihalogenated silane compound in the present of cobalt octacarbonyl. The trihalosilane used
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According to a particular enbodinment, the filmis

baked after spin coating at a tenperature 25 bel ow
about 200C and then cured by exposure to UV radiation

ously with a thermal treatnent at

(?gérypé%‘gﬂure bel ow 450 C for 0.1 to 20 m nut %CT[E‘%OW{'SSSB
curing is carried out for a sufficient period of tine
for reacting the organic substituent at position R2

of the unit derived froma noloner having the formula

| above. 30 The polyner of the present invention is
typmplibhas agtactive pizagiclzowpdiompaeng peufsatupdedizondder facilitating the

stant of 4.0 or less, in particular 3.5

hﬂ:c‘?ﬁﬂg&%ﬁ%a%f% of refraction 1.58 or nore in WO

2007/ 144371PCT/ EP2007/ 055818 15 particular 1.60 or

e T LA B M

dz@lﬂafblgﬂaag té Fur@snnl d40[fenﬂachlf)ﬂ) Da-desesutaft er subj ect ed
to thermal treatnment. Also the filmformed fromthe

pol ymer using a nultisilane conponent remains stable
- C r .
S GBS MRl L SRSIEL W BB g e
whighi il ¢vefonthe yshefitbp monpméraasdeptomgor fondedollowing steps of the

PRADSRE 6155 bAEL S, SO DL, o

S|onane matrlces W|th nanoparticles in order to

e eSS RRY e e PRGBS Sar B BBl oming
thNRDROP Ahd inetiRficaBY stisle REH nl&Oohefraiioh N tiSAITY (R@EpaBdAt, high

coup | negl? chem ca ?r oups. These chem cal coupli n%
dd.dopiecar (g §%ree’a Wéuppwe@&}?ﬂ%% dapelymer
reglﬂtts i@hEeP R gﬂ'aﬁ@ltﬁeeg ﬁhﬁ &lﬁﬂ%@cﬂeﬁf io@‘ﬂ%.ln& Q}(I)B!iﬂ ﬂ]gla.nzatlon as well as
el enents are for exanple am no propy
gaprfithadten @ﬂgegpeldan ¢hermeltthratopapt ot hpyinpyicellent electrical properties. A film
XVYSI Si y h I
m}lc{e Cf)”?%)ﬂt% }’n%s {11§019mF%teé§m%q§§¥%thag§)smﬁc§%%ﬁl& aﬁg&% Ll
rwhmhd aﬁertfmumlmjexten if sib@tied malempemipss. hifve tlad\ﬂ&rﬁmgeue
usi ngﬂtgup [ ng treated nanoparticles is. t%}ﬁ d1 )
t“"é‘ﬁﬂﬁ?fﬁee 1BER @ PEFIT A SEYSEF TEFTFTL ot repTigRaligy dielectric
coBhiitipoBEncad]) dreCoitiddts BvebsHid &idthe pPldrhCih 80w @ieRk@Rtconstant film
bond| n t o the siloxane matrix. The nunber of
infegiagPn E?g"‘ BMeGRAroTdicsl so vary at the surface of the
nanoparticle. The relative amount of the |inkers can
be 1 or higher and typically it is preferable to have
Themotynpdraatiarienthisik srbass] adyidelesis andeosdanpation chamisirdemthesis
te%nﬁlg %lgqifryzaaélﬁéﬁl e cg%?loglgmgr%el%@i%sg c?rl iy rﬁﬁmd%t IIﬁé The
tﬁmpftrb]tuﬂc ik tﬁ@ thngaf deﬁyZGNE)I ot°C, pzlp&fezﬂ!f aih:luy2$tm0]1ﬁ) °8, in@articular
10 arts. hy.wei n parti.cul ar about 10 to
o RS 50 or G PRt B O 4 o0 e g and the
m¥@inGilte@peritif: iP St HyRile KR O BRy §dbvdnOhisdt APolymerization can be

nanoparti cl e contaj ni nfq conposi ti on.
carried out at refluxing conditions. It is possible to polymerize the instant monomers without

catalysts or by using alkaline or, in particular, acidic catalysts.

The present organosiloxane materials have a (weight average) molecular weight of from 500

to 100,000 g/mol. The molecular weight can be in the lower end of this range (e.g., from 500
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25 The polyner or copol ynmer can be conmbined with the
nanoparticles by blending, in particular conventiona
nmechani cal bl endi ng. It is also possible to

| the pol ymer or copolyner w th nanopagtiploosssis
“Kfﬁﬁghgﬁna way that 30 sonme bonds, preferably gﬁewica

bonds, are fornmed between the polyners or copol yners

and the nanoparticles. Thus, it is possible to use

pol ynmers or copol yners havin& reactive groups WO

2007/ 144. 371PCT/ EP2007/ 055818 16 capable of reacting
toW010A0 gheol nermopa prafehids Sahtp §.¢00s/mgD ar Bewazapesilgsare miferial can

I _ : .

P SRRl P RRPIM AT L AR IO ARGERRAL B S5im 1hiond B 100,000 gimol
oramitp piefigatdy Eoent$008rto G600 s/mads Itdnaydesisadibietowsx a polymer

Physi cal bondi bet ween the components will also .
g Re PR ARy Ber i Pt SR acpdne ok ne matrial
haRI:@REHi flice molkulaP &eg@nNpoOsi tion. 5 One enbodi nment

conprises using chem cally bonded nanoparticles and a

bl end of distinct polyners wherein the blend of
wihsid f36hd Y ¥ BBl GOITRek SGHpARicRIHEPEEHLHARDLY RBhopolyderizing 2

nanoparticles are bonded to at |east one polymner .
mersmye b formolk lichmplisiag dither @ liNeas op a Pranehed dinker gral). slopvgyer, it 1s

R T
havingdointhls b mthierednR e hianisdad a inephiddaenthlydnoearhyldeodues with second

oSSR SRS | BB o R o e

thé Blar kA Fthd M6t H6RRErofo thhigcpiEaeRimdrt @513 1015:95Amyparticular
nmethod that will vield Barticles havi ng the desire

950110198 sPrsfezesy 860 tse2 il furtheOfsalhe REamefs A Torminta I can be also
co Ah@SR1 RAhtah§ kBow h#@biysafle QRxdR Jroffind-rbRIT@RIE tithRium B

t'o several mcroneters, 'yet typically in optical and
alkaidep ptaniva ghberilei tirdogivpr dkenide Piscaninehleride. pratalyre plkoxide,
i 'm%ﬁ‘ﬁ%flor%g Jl%&funl clrc'xécilé & aﬂﬁﬁﬁl l&hl%ﬁg@ﬂﬁ%)t ﬁm'i:‘le& f ﬂ]rée)

SO narrow par e size distribution s

m@roedee i & . not requi r ed. Typi cal material s of

the nanoparticles to be doped to the organo-sil oxane

matrix include, but is 20not limted to, the
Adcoldignongle grdeRst entiRdahént, ifrOrdeA@, mddify thdproferfiefthe sBoxane

Si _and netal aIIozs. Met al, oxj des: TiQ2, ZnQO, Ta2?5
mlgr siepasiiebon FEysiratyghs seTEFICRR devagecy heaged thcasg Turther cross-
linRide, whereD & Filrf @Sobtathedl\favidy N lagh dter Ratih@BF Rss than 10 %,

nanoparticle material s are discussed in US Published
préfatabhyt legsghin T %t inopartiolar 260 Ha0 2701294 a theymabuailaty of grore 425 °C.

which is herewith incorporated by reference.

According to a particular embodiment, the film is baked after spin coating at a temperature
below about 200°C and then cured by exposure to UV radiation simultaneously with a thermal
treatment at a temperature below 450 °C for 0.1 to 20 minutes. The curing is carried out for a
sufficient period of time for reacting the organic substituent at position R, of the unit derived

from a monomer having the formula I above.

The polymer of the present invention is capable of forming low dielectric films having a

dielectric constant of 4.0 or less, in particular 3.5 or less, index of refraction 1.58 or more, in
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WO 2007/ 144371PCT/ EP2007/ 055818 17 and conbi nati ons
and m xtures thereof. The selection of preferred
sol vents generally depends on the properties of the

Wd’%ﬁﬂp&gﬁl cl es. Thus, the dispersant and thepcrmEP2007/055818

nanoparticl es should be sel ected so as to be
conpatible with the requirenents for the formation of
wel | di spersed particl es. For exanpl e, ganmma al um na
particles are generally well alspersed at acidic pHb5
val ues of about 3 - 4, silica partigcles gen raI
partisabtic [ pOSY 51T 3 682 Semppyrlenghy 4nge e Eomed i eiuusof 5. 5 43 or more,

I | Y 6F HBRI$8r WBlectedtio termal
%ﬁ%ﬂ@agﬁyﬁéfgﬁz%gghk %%?gﬁg{égd pH dependg o%cghg) e

treptryegit.2Alss the lﬁxbrmjomedrfmm the pglymeae;@nm myltsiiane component remains

S PP B BTt Iy P PR C T 0°

sol vents. Thus, hydrophoblc partlcles can be

di spersed i n nonagueous ( ter-free oIvent
Thegilewne mpddorandpwhes b %l%lzﬂnanzf‘&‘g%@ﬁR}% ese&ﬁHOPm“’leS

mQM?J QB kéﬁc&ﬂﬁl&ﬂofi hxﬁﬁmsﬁﬁnﬁ% gigpe [t%gsslsnbﬂmalqu @Bétfically dope
vent. In these nanopar¥|c | e sol vent dlsper8|ons

sszh@epmtme@ mathunéraeesiesdn ATdgr HOimpEo ve e ghasge MPANSPIlERES’
pr(gpgeu ElfSI sich gyﬂgasl ely?ﬁ ali]m &Eéﬁﬁﬂﬁhl Sﬁ%ﬂ{vﬁs %aﬁ#%cles can be modified

ups reac S Spontaneo
onlths bl[rfaae By Ofﬁupﬁlhg c]nfmnoqj@mupe | 'Eheecscpeumal ¢oupling giieaps are typically so

nce ter as dr al. i,o a
et Refeerring emin A 3 BEGHECH 0 BrEs St fiksisapa are for
exﬁﬁ?fé%ﬁn@ﬁro?{rl&dﬁﬁﬂﬁ@ysﬂﬁﬁ@ grre&taeﬁymxyrp@a,pyt trdmtilco@alan&oc plysidoxy
hods typi cal l ri.se the steps

prpbYh PP by Hane i flict ¢ e AoPSBTE g ari e which  coupld t
fug&%glr%}«tp%g éQE advhh e Hshg c‘ohﬂ)]ﬁigafeateﬂh@r[(ﬁﬁﬂﬁﬁ@ lieSthbtth enhances

eposi a layer of nmetal; patterning the netal

the agrecl,es saeplaryite pirryane Mairises alidaha alsp prableghepiraele RaAlFY bonding
to%he sJoxangr%aﬁlgf o e%ﬂglbgr (tf‘ croﬁgl#%] V%éﬁ% can also v SHelshfSce of the

secon rrc materi aving a secon nmodul us
ndnb@maﬂe tThanclhtire @ﬁfuasd)f tho Hnﬂkanscwfbetlm highewandrtppieqliyaf is preferable

ndvmthakﬁ( r heflrs%% I gﬁttbd]nt
to?lﬂge Ifllplfestpawé e rnolg e at fl: f face 1rI]lgOI‘ 3o Ic{r/ngtsldghc nt bonding to
the BEIgREr fl@ixectric naterlals and depositing a via

friling nmetal material into the patterned areas.
Typically, the polymer or copolymer is combined with 1 to 500 parts by weight, preferably
about 5 to 100 parts by weight, in particular about 10 to 50 parts by weight of nanoparticles
with 100 parts by weight of the polymer or copolymer to form a nanoparticle containing

composition.

The polymer or copolymer can be combined with the nanoparticles by blending, in particular

conventional mechanical blending.

It is also possible to combine the polymer or copolymer with nanoparticles in such a way that
some bonds, preferably chemical bonds, are formed between the polymers or copolymers and

the nanoparticles. Thus, it is possible to use polymers or copolymers having reactive groups
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30 The material according to the invention used for
the first dielectric layer is preferably an
or ganosi | oxane material, which has a repeating M0 M

one having a fast organic WO _

W o ERS007) 05836 18 Substi t uent TERERAIpUSSHIS

t he backbone, the material having a nol ecul ar wei ght

of from500 to 100,000 g/nol, where Mis silicon and

0 is oxygen. The nol ecul ar mEVbht is from 1500 to

30,000 g/mol, and it preferably exhibits one or
capable phtcagingtwith the hiﬂlmiﬁlﬂiglep poprmings: boﬁrabktwai the polfymer or
CO&’H@'S}%E %ll%c? r?% Pgné)g?}/ngfés 1Sf1 ré)%fs)srl 115} l?o ée/se 61?110 \%pﬁieﬁo g\’fmg silane coupling
elﬁhﬁftﬁbr@b@ps 1asGliiisde0 hBoWR. Pﬂ'}EmSIbqnﬂmg dbetv}eeﬁ ﬂ],e camﬁonents will also

s nodul.u

e R OO BHr ABEE B BB G 0 TR REMBRTERt ni ng

step can be carried out without a preceding step of

chem cal nechanical planarization. Aternativel 45
Ong erbadament gpmprises waipa chemicelkiosdedgranpprstidescadd b end of distinct

gt
N A i S R L
namapati¢led arc h@ndﬁh & griephos ﬂ@m@om@@nt efl th@blnncbe
deposited by polynerizing a nononer of formula | in a
liquid mediumfornmed by a first solvent to forma
Nimogeiclez adtabreCfdﬂ.wsb ncﬂﬁ‘qud:sﬁﬁtl’igveausﬂ d:ammammatmrédafqr example, by a

depositin h droI rodu t. on the strate as i
nEb st s D R ARG S GHTHOT o gt ame Pdrolyss,
ladeh Héhsfﬂidaffbﬂ‘ﬂiéﬂ crdﬁlbﬁlahtihsf?clﬁrt%%r HordofQllest ehetfddayl r'l'hsls l?s@ is, however, in

Alternatively, the organosiloxane material can

noEpodmitag op yiarsPRnerthe pissena inyerisie Anp ethod fhat aﬂll ywdtmmcles

e A R T o b PP Jar@IPEAN I e ) can be

frtah R o cege m uocscmr@lrmmmmﬁwr@tef,et tyaisalll mopatdt oxd Heapplications it is
a‘ij?e £ [E]a CeEalt 1931%1(% € §1 2 dIQ]%LlI(r)n Felﬁsk ?n)e(éafcu?ar a%mﬂrb] g tor?S nm. Also

nononer

nﬁmwmmhmeﬁmmm&mmmmhbyﬁaﬁﬂﬁmhmwﬂw&ﬁtto fonna
hydr ol yzed product conprising a siloxane 25 materi al
or hybrid sil oxane-organo-netallic material;

Tﬁ%@ﬁiaﬁehﬁ@ ot e naNsH-ehdzad bBueskdad ﬂ@rbrgdae-sﬁbm& bt @8lude, but is
a thin layer; and curing the thin layer to forma

lﬂﬁhﬂﬁmﬁﬁbﬁﬁﬁ@WWﬁggaKWﬁFckness of 0.01 to 10 um
Whereas one of the dielectric materials conprises a
material in accordance with the present 30 invention,
Mt:tlab b, ey, Nvece COuaPt, BiarSib&dmekideyS or gani c,

dg%psgﬁé dgrgl % |n he Fﬁ%(ﬁgwg ﬁ%ﬁi)an Sﬂgfoghe

Cﬁhﬁﬂﬁ@ﬂbrlptlon WO 2007/144371PCT/EP2007/055818 19

Geperal ly, rganosi |l oxane material is a spin
NEGCI AR Al T

Suitable nanoparticle materials are discussed in US Published Patent Application No.
2005/0170192, the content of which is herewith incorporated by reference.

Nanoparticles are typically vsed in the form of dispersions (“dispersion solutions™). Suitable

dispersants include, for example, water, organic solvents, such as alcohols and hydrocarbons,
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The organosil oxane material is an organic-inorganic
and has a coefficient of thermal expansion of 12 to
30 ppm It can have an index of refraction of 1.6 or

wo SRSnabir ther details of the invention Wil Be 0 i0isssis
di scussed in connection wth the foll ow ng working

exanpl es: EXAMPLES Exanple 1 1,1,1, 4, 4-Pentachl or
0-1, 4-di sil abutane (The Internedi ate) + H2S1Cl12
002(CO)5 OC...rt/ 15h 15 Vinyl%trichl orosilane (68.8
g, 426 mmol) and cobalt octacarbonyl (700 ng) were
and| camdsthatipnscand 0@ xmtes therddf ABle whdtiooef] pedfeirad setvenis gehatlly depends

to 0 C Dichlorosll|ane ( !
or e P ST AR5 s Ty s Sanhnfrd P lBLs stouiave
sefdctedwe ds todbewatmputiife tvith tieomy diempersabithe faniatitrgofwdhdispersed
D.stillation at 60...62 C/ _8 nbar gave . -
pagheles, o CyBRley ooy Arinagbse s el 260 sy g acdie pH
vah@Q ofBkdul 311, §B% p’drﬁdlé’s’ gen¥#lly are readily dispersed at basic pH values from 9
2007/ 144371PCT/ E1' 2007/ 055818 20 Exan'pFe 2

- ﬂ,mg@ Htagivg gxide WIWWBY disperse well at a pH near 7, although the
préi%rr@d gﬁ%ei)éhlag &Y 'tl)e(&p}l*sgﬂ OPhdeRB Gn P S face grgcﬁlre%&erally,

nanoparticles with little surface charge can be dispersed preferentially in less polar solvents.
Thus, hydrophobic particles can be dispersed in nonagueous (water-free) solvents or aqueous
solutions with less polar cosolvents, and hydrophilic particles can be dispersed in aqueous

solvent.

In these nanoparticle solvent dispersions the particle surfaces can also be treated with silane
coupling agents, The hydrolysable part of such coupling groups reacts spontaneously with the

surface of the nanoparticle especially in the presence water as a hydrolyzation catalyst.

As mentioned above, the present invention also provides methods of producing integrated
circuit devices. Such methods typically comprise the steps of:

— forming a plurality of transistors on a semiconductor substrate;

— forming multilayer interconnects by:

o depositing a layer of metal;

o pattermning the metal layer;

o depositing a first dielectric material having a first modulus and a first k value;

o depositing a second dielectric material having a second modulus higher than the
first modulus of the first material and with a k value lower than the first k value of
the first material; and

o patterning the first and second dielectric materials and depositing a via filling metal

material into the patterned areas.

The material according to the invention used for the first dielectric layer is preferably an

organosiloxane material, which has a repeating -M-0-M-0O- backbone having a first organic
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3 A 3Si Si HC12 NH2Pt 06 / |1 PA )3110t/ 60mn d Sid2
CI3Si 5 11.00 g (0.076 nol) trivinylchlorosilane was
added to a 100 m vessel followed by 2 m

W&ZO])’H%M 7{4 pent achl oro-1, 4-di si | abut ane. Theﬁ@}EﬁdPg%sms

ed to 80 C and 15 nL of a 10 % FLPt
-sol ution was added. Strong exotherm c reaction was
observed and heat was switched of f. Rest of
1,1, 1, 4, 4- pent achl or o- 1, 4- di S8 abut ane was added
slowy during 30 mn 10 keeping the tenperature of
subktguend bowridgn thzdtagkbpon80hmatehel hagingla ravhetmtar weight of from 500 to

1yt R MHhdad o' ek B Rl Rt i 1500 10

35000 gimslvkhci ecbfanbigathibiad atieiod Bevarsd ofthe Ifdilbdmﬁg)prop&rties:

hour at 110 C. After that solution was distilled

yi el di ng 47.08 g (66 %

tris(3, 3,a Gk e 9B QF Bved, ord ipfdfbrahlg )5l dr &k or osi | a

ne. B.p. 264 C/ <0.5 nbar. 15 Exanple 3

1,1, 1, 4, 4n7dpx pf coffagiean Grl-33 ermege ot gyep Spreprsfraphe.6 or more

Vi nyl tri ghbgf ALt 8P 9. 104 mml) was heated to
50 C and 100 oy PPRSTE¥EI o 11 PA - sel Ut on nas

added 1, Xoupg’smqlehws ddiifaoragade.4- di si | abut ane (20.4 g,
777 mmol ) was added slowly during 20 mn so that the
tenperature did not exceed 100 C. The reaction was

Dad doaheekeellent properties of planarization, the patterning step can be carried out without

a preceding step of chemical mechanical planarization. Alternatively, 45 % or less of the total
thickness of the second dielectric material is removed by performing chemical mechanical

planarization on the second dielectric material.

The organosiloxane material can be deposited by polymerizing a monomer of formulaTin a
liquid medium formed by a first solvent to form a hydrolyzed product comprising a siloxane
material; depositing the hydrolyzed product on the substrate as a thin layer; and curing the thin
layer to form a thin film having a thickness of 0.01 to 10 um.

Alternatively, the organosiloxane material can be deposited by polymerizing a monomer of
formula I with any know hydrolysable siloxane or organo-metallic {e.g. titanium alkoxide,
titanium chloride, zirconium alkoxide, zirconium chloride, tantalum alkoxide, tantalum
chloride, aluminum alkoxide or aluminum chloride but not limited to these) monomer in a
liquid medium formed by a first solvent to form a hydrolyzed product comprising a siloxane
material or hybrid siloxane-organo-metallic material; depositing the hydrolyzed product on the
substrate as a thin layer; and curing the thin layer to form a thin film having a thickness of

0.01 to 10 um.

Whereas one of the dielectric materials comprises a material in accordance with the present
invention, the other material can be a known, organic, inorganic, or organic/inorganic

material, e.g. of the kind discussed above in the introductory portion of the description.
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WO 2007/ 144371PCT/ EP2007/ 055818 21 to proceed for 12
hours at 100 C, after which it was distilled under
vacuum at 115-130 C/ <1 nbar. The yield was 31.5 ¢

|, 96 %9. Exanple 4
wéloimizugﬁz’ > PCT/EP2007/055818

, 1, 1,4, , 7, 7-Cctachlor o-1,4,7-tr isila octane
1,1,1, 4, 4-Pentachl oro-1, 4-di si |l abutane (51.6 g, 196
nmol ) was heated to 80 C and 20 pi, 10 10 % H2Pt C16 /
| PA -sol ution was added. Vinfﬂnethyldichlorosilane
(29.7 g, 210 mvol ) was added slowly during 20 nm so

Gengagllyt the ot anpaloaangripateiial inospiesqateddnatdtl.C. The
reaction was allowed to proceed for 11/2 hours, after
which it was distilled under vacuum at 90-102 C/ <1

Theb@panodiecayd mhetrinbis ay Grgﬁnjg iﬁo‘rg:micrmmﬂ has 8 @odficierit®f thermal
Exanpl 5 7 11, hlor,.

CXGAIOR 1239 A0 REI 4 TV 4y g ELgicgyof 1.6 o less
0-1, 4-di sil adodecane 1,1,1,4,4-P en t a chlor

0-1, 4- d|S|Iatetr akai_decane Cl H2Pt C16 /
qrﬁimegzg}f of the; invepgjorwill beyliscussed in connection with the following working

examples:
EXAMPLES

Example 1
1,1,1,4,4-Pentachloro-1,4-disilabutane (The Intermediate)

COZ(CO)S

0°C...rt/ 15h SiHC

Z8iCl, + HoSICl

Vinyltrichlorosilane (68.8 g, 426 mmol) and cobalt octacarbonyl (700 mg) were placed in a
100 mL 1b flask and cooled in an ice bath to O °C. Dichlorosilane (bp. 8 °C, 44.3 g, 439 mmol)
was then condensed into the flask, The system was allowed to warm up to room temperature
during night. Distillation at 60...62 °C / 8§ mbar gave 1,1,1,4,4-Pentachloro-1,4-disilabutane
(120.8 g, 460 mmol) in 93% yield.
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32 m (21.53 g, 0.256 nol) 1-hexene and 20 pl
H, Pt d dl PA sol ution were added to a 100 m vessel.
Sol ution was heated up to 80 C and 46.90 g (0.179

, 1,4, 4-pentachl oro-1, 4- disilabutan
‘V§g®é%&gﬂbmdy during 30 mn Heat was smﬁtchegcgﬁ?mMIgﬁ&B

exotherm c 25 reaction was observed. Tenperature

during the addition was kept below 130 C. After

addi ti on heat was again swit ifed on and sol ution was

stirred for an hour at 110 C. After that product was
Epamplei2ed by distillation B p 100 ¢ 0.8nbar. Yield

5 81. 7 1EP2007/ 055818 22
TTJﬁé éﬁg$e ta4%lé9rep mﬁ%%gyﬁﬁﬁ%%%@ﬁg or 1l-decene to

produce 1,1, 1,4, 4-pentachl oro-1, 4- disil adodecane

(b.p.131 C/ 0.7 nbar, 88 Wbyield) and ' i
1,1,1,4, 4-pentachl orol, 4di si | at etr akai decane (b.p.§§@
C/ 0.8 nbar, 82 %yield), respectively. 5 Exawplé>8
1,1,1,4,4-Pentachl or o-7-phenyl -1, 4-disil ahept afg;

10 18.77 g (0.159 nol) aIIbeenzene and
50t11H2PtC16/1PA solution were added to a 1000@3A c
3 VEIsS Jition yas-ke ed=ffFe’' B0 @izad 41585 i
(0.1§§/\ 21 n, fﬁ% 4- pihtacmtoﬁmﬂﬂ 4- di sil abut an
was added sIomAy durlng 30 mn Heat was switched off
when exot herm c reaction was observed. Tenperature
during the addition was kept below 130 C. After
15addi ti on heat was again swi tched on and sol uti
was stirred for an hour at 110 C. After that pro ¢t
was purified by distillation. B.p. 137 C/ 0.8nbar.

Yield 35.10 g (58 9% . Exanple 9
11.00 g (0.076 mol) trivinylchlorosilane was added to a 100 ml vessel followed by 2 ml

1,1,1,4,4-pentachloro- 1 ,4-disilabutane. The solution was heated to 80 °Cand 15 uL.of 210 %

H:PtClg / IPA —solution was added. Strong exothermic reaction was observed and heat was

-switched off. Rest of 1,1,1,4,4-pentachloro-1.,4-disilabutane was added slowly during 30 min

keeping the temperature of the solution below 130 °C. The total amount of 1,1,1,4,4-
pentachloro-1,4-disilabutane was 61.50 g (0.234 mol, 2.6 % excess). After addition heat was
again switched on and solution was stirred for an hour at 110 °C. After that solution was
distilled yielding 47.08 g (66 %) tris(3,3,6,6,6-pentachloro-3,6-disilahexyl)chlorosilane. B.p.
264 °C / <0.5 mbar.

Example 3
1,1,1,4,4,7,7,7-Octachloro -1,4,7-trisilaheptane

] Cl .
GlgSi ~Ngiben, ¢ = -SiCl _HoPtClg 71PA Clssl\/\sli/\/SICl3
2 90°C / 12h &

Vinyltrichlorosilane (16.8 g, 104 mmol) was heated to 60 °C and 100 pL 10 % H,PtCls / IPA
-solution was added, 1,1,1,4,4-pentachloro-1,4-disilabutane (20.4 g, 77.7 mmol) was added

slowly during 20 min so that the temperature did not exceed 100 °C. The reaction was allowed



1,1,1, 4, 4-Pent achl or
0- 6- pent af | uor opheny1- 1, 4-di si | ahexane 116. 15g (0. 442
nol) 1,1,1, 4, 4-pentachloro-1, 4-di sil abutane was added

Wég?08?5§% nil vessel followed by 100 gl H2Pt gygé’é&g?’gﬁms

1'on. Sol ution was heated up to 85 C an
25(0. 4420l ) pent afl uorostyrene was added sl owy
during 30mn. After addition solution was stirred for
an hour at 100 C and then distlilled. Bp. 122c /
<I mbar, yield 158.50g (78%. WO
to2002Ld B4 37 BRCTAERRCOTT AS581iéh 2 3 akdtatiddeindeér vacoum at 115-130 °C/

1 4.- Pent 0 -1.4-di.si.| a-5-hexene 5
<bbeg “éﬁ?ﬁi’é‘“&%g’(ﬁg&}éﬁ%orﬁf“fﬂ%?@l 40.00 g (0.152 rol)
1,1,1, 4, 4-pentachl oro-1, 4-di si | abut ane was di ssol ved
in 1000 M 1,4- dioxane in a 2000 mM vessel. The

Exeiei*on was cool ed down to 0 C and acetyl ene was

5 1,habb] ed 7tGcta1std A, 7UPksildockdnewas saturated. The
sol uti'on thus obtained was slowy warmed up to room

tenperature. 1, 4-di oxane was evaporated and obtai ned
crude 1,1,1, 4, 4-pentachl oro-1, 4-disil a- 5- hexene

ch@s purified bxtghﬁéélI@gﬂmgyPExamgmQvllérxx,smb

T +
SiHCL, 90°C / 1.5h &

1,1,1,4,4-Pentachloro-1,4-disilabutane (51.6 g, 196 mmol) was heated to 80 °C and 20 uL 10

10 % H,PtCls / IPA —solution was added. Vinylmethyldichlorosilane (29.7 g, 210 mmol) was
added slowly during 20 min so that the temperature did not exceed 130 °C. The reaction was
allowed to proceed for 1% hours, after which it was distilled under vacuum at 90-102 °C/ <1
mbar. The yield was 70.2 g (174 mmol, 89 %).

15 Examples5to7
1,1,1,4,4-Pentachloro-1,4-disiladecane
1,1,1,4,4-Pentachloro-1,4-disiladodecane
1,1,1,4,4-Pentachloro-1,4-disilatetrakaidecane

Cl
. H,PiClg / IPA ;
Clssl\/\ _ + _.2_._........9..._;.. CI3S]\/\ |,/\\/\\/\\
P Si
SHCL - 7~ 110°C / 1h |

20 Cl

32 ml (21.53 g, 0.256 mol) 1-hexene and 20 pl H,PtClg/IPA solution were added to a 100 ml
vessel. Solution was heated up to 80 °C and 46.90 g (0.179 mol) 1,1,1,4,4-pentachloro-1,4-
disilabutane was added slowly during 30 min. Heat was switched off when exothermic

25  reaction was observed. Temperature during the addition was kept below 130 °C. After
addition heat was again switched on and solution was stirred for an hour at 110 °C. After that

product was purified by distillation. B.p. 100 °C/ 0.8mbar. Yield 50.40 g (81.4 %).
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1,1,1,4,4-P enta chlor o0-7-(3,5-dinmeth yla d am an
tyl)-1,4-disilahep tan e 81.71 g (0. 336 nol)
3, 5-di et hyl adamant yl br om de was di ssolved in 500 m

W&g&?ﬁﬂg.{loThe solution was cooled to bel ow 'iﬁgngp%msssm

I Ce/’acetone bath. 51.40 g (0.425n01) allyl brom de was
added foll owed by 410 ng FeBr3. The solution was then
stirred for three hours at 20 -20...10 C after which
anal ysis by GC- M5 was carried?out, indicating that

some unreacted starting materials remai ned. 420 ny
1-BeBns cawts: raplderd taridogoieur iletecenago prodngecld! . 1.44-pentachioro-1,4-

LA, g O
1,380 74 A4 34336 (HER20¢ DR.8SAr, 24 % pR aespediieiys ol uti on

was warmed up to roomtenperature and it was washed
twice with 500 mMl water. The organic | ayer was
I ted and pentane was evaporat ed. Remai ni ng

E%?Jélrgi%al was di ssolved to 700 ml ethanol and a smnall
L, apihPerahchiatoeT-phasyl-d ddédilileptaased by 25 g (0. 382
nol) netallic zinc. The solution was then heated up
toreflux and it was stirred for 15 h. 5 After
cooling down to roomtenperature the sol ution was
filtered. 300 nil water was added and the pr&duct was

cexgtracted by washi n ce WdPtts BRI e
ﬁ’e%@*ﬂ@yef’s fere sol ect B@-@ng vvashsem W th
water. The organic |ayer were collected, dri¥d with

anhydrous nmagnesi um sul fate and filtered. Pentane was

evaporated and remaining crude 1-allyl-3, 5-
187 hethid%delivalhlaneengannd 501l HiRsdlsBPA @plutien werejadded to a 100 mi

ield. 45. 90 67 99 .. 1-allyl-3, 5-
vt e R o 058 mel L dgpentachioro-1.4-
dibiflbhane §abydde@ slbR1y-RRINGTY rhinl Réut 5@k svitéhdd ofifvehen exothermic
solution was heated up to 85 C and 59.50

| _ . (0.227
repgsiopn wias pbserved4Teraprrairel dwing theaddigion wag beat gﬁ]@in!éQ C. After

ded sl ow y .duri 3 ' Lt on, o
BB A 038 P05 A Snebl g e
pro@dict 3as P@ified bihEstlhash &.p tIBASCObISaibae dinass 1058 %).

purified by distillation yielding 53.54 g (51 %, bp.
157-158 C 1<0.5 nbar. 15 Exanple 12
Edudoit o4, 4- Pentachl or
o-r%?%-du met hy1- 1, 4- di si | a- 6- hept ene 20 C 3Si Si HC12 Cl
1,1,1,4,4-Pentachloro-6-pentafluorophenyl-1,4-disilahexane

FF

Cl
. HaPIClg / IPA i
CI3S'\/\SiHCl + E 2" Vls Cissl\,/\slt F
_ 2 110°C/ 1h & . .

F F

116.15g (0.442 mol) 1,1,1,4,4-pentachloro-1,4-disilabutane was added to a 250 ml vessel
followed by 100 pl HyPtCls / TPA solution. Sotution was heated up to 85 °C and 85.80 ¢
(0.442mol) pentafluorostyrene was added slowly during 30min. After addition solution was

stirred for an hour at 100 °C and then distilied. Bp. 122 °C / <1mbar, yield 158.50g (78%).
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(Ph3P)4Pd(01. 80C/1h61 49.85 g (0.190 nol)
1,1,1, 4, 4-pentachl oro-1, 4-di si | abut ane was added to a
100 m vessel followed by -20-30 ng

W(S?tfo /?hkﬁ(t ri phenyl phosphi ne) pal | adi un(0) . T?ST/EPZOO 1055818
30 j

I'on was heated to 80 C and 13.10 g (0.1
i so-prene was added slowy during 30 mn. After
addition, the solution was stjrred for an hour at 100
C and then distilled. Bp. 96 8/ <1 nbar, yi el d 58.50
259 (93 %9. If the same reaction is carried out with
EzamPPtiC16 / | PA catalyst at 80 C or with a Co4C0)8

lﬁqggf‘ t@&l&ofog?wdtm%ﬁ%%#ée al1l m xture of a and f

oners i’s ai ned.
2007/ 144371PCT/ EP2007/ 055818 25 Exanple 13
1,1, 1, 4, 4- Pent achl or I

c & norborn_2_en§5§)<lz(§,048¢sﬁlaah@x—aggexa§ 5 22.63 g

863%@% T, T1, 4, écpaph achl or o- 1, 4 di si | abut ane
mas added to a 100 m vessel follome&3by 70 pi of a
HQPtClG / IPA sol uti on. The sol uti on obtalned was

ated to 85 and 10.81 (0.090Q0 nol
4(50% mizzn%molﬁbﬁ@emlqrﬂ elmf1 @F%ﬂ@%&'&%@%@ﬁ@ 1609 ml 1.4-
@P@é Mﬁ S0 Edo@é&d’&%téb'f’bfﬁ@ E¥le@was bubbled
AR B il S o Far T4 dhm @ Do T 5 g®vas bubble
torsbimtipn yntﬂllﬂWMaﬁﬁatgl (I’ﬁ& s@ftion thus obtained was slowly warmed up to room
temperature. 1,4-dioxane was evaporated and obtained crude 1,1,1.4,4-pentachloro-1,4-disila-

5-hexene was purified by distillation.

Example 11
1,1,1,4,4-Pentachloro-7-(3,5-dimethyladamantyl)-1,4-disilaheptane .

FeBrs Br

Br ———
Br + 2~ Pentane

Br
Br 4 zn _CiOHmoist + ZnBry
“Refiux ==
e HPICI/IPA Gl T
A = 100°C / 1h g
|

C

Br

81.71 g (0.336 mol) 3,5-dimethyladamantylbromide was dissolved in 500 mi pentane. The
solution was cooled to below —10 °C by ice/acetone bath. 51.40 g (0.425mol} allylbromide
was added followed by 410 mg FeBra. The solution was then stirred for three hours at
—20...10 °C after which analysis by GC-MS was carried out, indicating that some unreacted
starting materials remained. 420 mg FeBr; was added and solution was stirred for an

additional two hours after which GC-MS showed that all the dimethyladamantyl bromide had
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Exanpl e 14 9- Phenant hrenyl triethoxysilane 15 5.33
g (0.219 nol) magnesium and a snall anount of i odine
were added to a 1000 m vessel followed by 56.38 ¢

;4! ) 9-bronophenanthrene. 196 m  (183c7Apsh
w%%g% Aol ) 20 Si(OE, 04 was added to the vessg\lI.ﬂPzg)gﬂ55818

nil THF was added after which exotherm ¢ reaction

occurred. After the solution had cooled down it was

heated up to reflux and was Hirred for over ni ght.

Ref | uxi ng was stopped and 300 m n-heptane was added.
re@u¢di The polwken wascuTmed up ¢ ipamdaaperauremd iesasayashgtiwice with 500

| B ng SOl i i i . .
o] S, B 5 MRAE P, i
wisedissblved tes T0uhi aimnolliid samehllnnivept efiveateveras addealfollawalhy 25 ¢

(Ogs%g rﬁpg)i?lgtg@ié%%egs%@oig %l/aa \{\fge%-}]g!%g& iu%ergﬂuxBéxﬁ' it V%’ZSSSﬂ%ICd for 15 h,
AROQLAOAAASAIRCTO SR Z0EbEr BB EicSs oR i obvaspiltered B00 ml water was added
N epro e A Ot oy washits tice b SO0 Pethe Peman Tayed were
collected and washed once with water. The organic layer were collected, dried with anhydrous
magnesium sulfate and filtered. Pentane was evaporated and remaining crude 1-allyl-3,5-
dimethyladamantane was purified by distillation, yield 45.90 g (67 %). 1-allyl-3,5-
dimethyladamantane was moved to a 100 ml vessel followed by 50 pl HPtCls / IPA solution.
The solution was heated up to 85 °C and 59.50 g {0.227 mol) 1,1,1,4,4-pentachloro-1,4-
disilabutane was added slowly during 30 min. After addition, the solution was heated up to

100 °C and it was stirred for an hour. The product thus obtained was then purified by
distillation yielding 53.54 g (51 %), bp. 157-158 °C / <0.5 mbar.

Example 12
1,1,1,4,4-Pentachloro-5,6-dimethyl-1,4-disila-6-heptene

Cl
i ) PhaP)4Pd Oz ClsSi I
CIGSI\/\SIHC|2 + \\ < (PhsP)4Pd( 3 \/\Slﬂ

80°C/1h &

49.85 g (0.190 mol) 1,1,1,4,4-pentachloro-1,4-disilabutane was added to a 100 ml vessel
followed by ~20-30 mg tetrakis(triphenylphosphine)paliadium(0). The solution was heated to
80 °C and 13.10 g (0.192 mol) iso-prene was added slowly during 30 min. After addition, the
solution was stirred for an hour at 100 °C and then distilled. Bp. 96 °C / <1 mbar, yield 58.50
g (93 %).

If the same reaction is carried out with a HyPtCls / TPA catalyst at 80 °C or with a Cox(CO)s

catalyst at room temperature a 1:1 mixture of o and B substituted isomers is obtained.



7.23 g (0.297 nol) magnesium and a smal |l anmount of

i odi ne were added to a 1000 m vessel followed by

56.38 g (0.219 nol) 9-bronophenant hrene.

i iJret hoxysi Iyl ) et hane (237 g, 0.876 no
“"gggé%h?gpthe vessel, followed by 200ml THE.¥F%&gﬁ'gﬁfam

m nutes, an exothermc 10 reaction occurred. After

the solution had cooled down it was heated up to

reflux and was stirred for over ni ght. Refl uxing was

stopped and 300 m n-heptane was added. Sol ution was
Execplntldd to an anot her vessel and remaining solid was

h tW.Ge W - t The washi ng

1,!@1%,04??%%?@%o&&%né@%g}%ﬂz{% e?g’gb | o%e}%%% ution. THF and

n- hept ane were evaporated, and the remaining nmaterial

was distilled. B.p. 190-205 ¢ <0.1 nbar. Yield was

59.23 g = 65% Exanple 16 3-(9-Ph en an thr ?E;;:ZE£:7
op yl tr inethoxysil 20 HBt90 IRA (@ 18%1/[@_)
mﬁﬁ@ﬂé§ﬁﬂﬂﬂp0ﬁdeﬁﬁggﬁﬁgs?eﬂr“g;g‘?é g gi di red e
added to a 1000 vessel follTowed by 73.07 d1(0. 284
nol ) 9-bronmophenant hrene. 90 nil THF was added after
10 which exotherm c reaction occurred. Wiile the
22568 wI€0.086 o 1,¢ 01,8 gerdaoiivrod gkditibnaoswhenjded at ait(9 Bvessel
nil THF was added and the solutiop was_ heated to o
folleped Gt el PB Glof v auiRg e solrnepamenags Hfelieds C and
108 £QA0IMMNS L hyRO. fertdRiknd drad thefl sloQi R &RieMBlding 30 min. After
al 'yl brom de was added 15dropwi ce during 30mn at a
addiive, thh sglutkeepwasstirngd farandent dty 09 &F ke fhay displede Bp. 140 °C /<1
ddi.t olution was stirred for 2 hours at 65 C
10 m@%TﬂﬂﬂgﬁQ%§§gig@red down to room tenperature and nost
of THF was renoved by vacuum 700 mi DCM was added
and sol uti on noved to separation funnel. Sol ution was
gditwice with 700 nl water. Organi c | ayer was
9-PRLSe RHviaPdidxv@fnd t h anhydrous magnesi um sul fate.
Solution was filtered foll owed by evaporation of
sol vents. 20Remai nedg;mat eri alig was puri fi egdey
distillation. Yield 54.5
g (88%. WO

15

5.33 g (0.219 mol) magnesivm and a small amount of iodine were added to a 1000 ml vessel
followed by 56.38 g (0.219 mol) 9-bromophenanthrene. 196 ml (182.74 g, 0.877 mol)

20 Si(OEt); was added to the vessel. 200 m! THF was added after which exothermic reaction
occurred. After the solution had cooled down it was heated up to reflux and was stirred for

over night.

Refluxing was stopped and 300 ml n-heptane was added. Solution was decanted to an another
25  vessel and remaining solid was washed twice with 200 ml n-heptane. The washing solutions
were added to reaction solution. THF and n-heptane were evaporated, and the remaining

material was distilled. B.p. 175 °C/ 0.7 mbar. Yield was 52.63 g =70%.
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28 Al lyl phenanthrene (41.59 g, 0.191 nol) was added

to a 250m. round bottoned flask and heated up to 90

C. 50 pl 10% H2PtC16 in | PA was added. Addition of

s started and exotherm c reaction -

wibhitaate 8t 2 0 (0196 mol) HSi C13 was. addSyEpaTpsssts
duri ng 40 5 mn After addition solution was stirred

for an hour at 100 C. Excess HSi C13 was renoved by
vacuum and 100 nl (97 g, 0.92% nol) trinethyl

ort hof ormate was added fol |l owed by 50 ng Bu4PCl as a
Exgtipleyi§t . Sol ution was stirred for 90 hours at 70 C

uct rifi | B.p. 172 C
PP TP s o B AR o
al Il yl phenant hrene). 10 Exanple 17 Hi gh I ndex of

Refraction Polyner 1 9-Bhenept hrenyl gfél et hoxgie | ane
(15 g, 44 mol ), gacetope (22.5 g) an PTMEIONE . 2
g, 400 minol) were placedQMela 100 nl_rp ‘Omasdmand
refluxed fo @-- rs.—Thevolatil gs :

evapor at ed @s duced g essure

pol ymer (1 Aas obt al ned. Th 28
diluted in PGIVEA (29.6 g,/H250% and then casted on a
silicon wafer. Soft bake 150 C/ 5 mn, followed by
cure at 400 ¢ 15 mn. The index of refractlon was

7.23 66329 7amol BReaysinmantt @wgt Fmoumh gleioging wereeddded 1021000 ml vessel
fo@%?& ?SD qé”g g é eS| st ?@é‘%%%gg (gl{tajée%lc?} ?%lmgm (@37 ¢,
0.8Tgmnl) evas added nd tlmmdsaal Kallawee bw@D0mt T:]{Fclherfbw ahipute2 @n exothermic

ROV O e

stidle@ P B AyhtG i gnard reaction between 9- 25
br onophenant hr ene, magnesi um and tetraethoxysil ane
in THF) and acetone (15.00 g) were stirred until
R&ﬁlxhﬂf\vg' §)§)§L(Y £t 309 - ﬁeﬂf‘éﬂe%.ﬁ a8&ddds 10: W iNEEhted to an another

nol ) was then added. Two phases (water

V%Mamﬂrlgamn@) @é@ﬂaamhedmwewﬂtmmhqpﬁlﬁuﬂwmmgISolutlonS
W %d(?f: tiﬁ%%:(ql%g?%%y Iﬁ%?%{axégl% ane, \Q%r% ega&orated ala)d t)he remaining
mﬁéﬂﬂdvvaardd;tﬂ}he H.p.aor-208SCr €f.Il mbad Yidd wek 59 BB YESH5%.

Vol atiles were evaporated in rotary evaporator until

25.00 g 30 polymer solution remained N-Propyl acetate
Efa3%pie@s9) was added and evaporation continued again

until 27 g remai ned. Next, propylene glycol
3-ffbResrantyEndiniep YHs bpethexysianeg) was added WO

2007/ 144371PCT/ EP2007/ 055818 29

MgBr

Fh--oh
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and again evaporated until 24.84 g was left as
vi scous pol yner. Anount of non-volatiles was neasured
to be 69.24% Mre PGVEA (8.89 g) was added so that
I ntent was -50% The solution was he

Wc?)?qoyfg“ét? (165C) and refluxed for 4 hours 209%%%#02?055818
The water that fornmed during the reaction was renoved
in rotary evaporator, along with PGVEA until 5 18 ¢
remai ned. More PGVEA (42 g) wds added to give
solution wth solid content 22.16% Pol ynmer had Kl M
= 1,953/ 2,080 g/mol, as neasured by GP¢ agai nst
nnnodlsgﬁgﬁe polystyrene standards’ i nLYHF. Sanpl e
prepara [ The sol uti on above (9.6/ g) was

rfactant

nlc initiator

Ned OfFER 4"

5 n1ns and cured at 200C/ 5 mns F|In1th|ckness
after cure was 310 nm and i ndex of refr
at 632.8nmyand dielectric constant 3.4
filmdid got dissolve with acetone, inglicating that
cross- | ki ng had been successful Sigilarly, a nore
ated PGQVEA 15 sol ution (selids 25% was

spun and cuyy The fif m was 830 nm t hi ck
) I—éﬁgﬁ? dney

1- (9-Phenant hrenyl)-1, 1, 4, 4, 4- pent anet hoxy-1, 4-disil a
butane (9.55 g, 22 9 nmol ), 9- Phenant hrenyl
tri et hoxysPFane (9.02 g, 26.5 mol)S*qM8sSLSI - gr ade
14.0 g) were placed in af250 m rb flask

efl on coated magnetic sg4T bar. Distilled

6.0 g, 333 nmml) was added and system was

‘ of, sdidl + e @3, 7

es the solution
fogenous, i ndi c} e_progress of

hydrol ysis. A solution of

6. ) % g% @?ﬂ &ﬁﬁrﬁé&tﬂ:ﬂ paw&er%nsf’ afeW BRLAABE {Jﬁiﬁé .vaeré"acgiﬁ kd /1000ml

I n acetone

vepsll fcékbwed by f? 64017 @B a8Hnod. Dirwmachensaihiene. cﬂ@ nplgl 1312 gas aigd after
W{E‘P F%omc;,&ﬁtc red %élorgcg W%S\ﬁnlra %s% uttlgn Fjg{c, éo\llt\%:rd];(ﬁgvg#ésk to room
tethPEl@urd/ FEUTTE Yo 28 |addidﬁlgm38helsoglt®hywa@ abatereip @$H5CCemd stirred for over

colorless solids. It was thernally 30 stable up to
nggo C in argon atnosphere, neasured by TGA (Figure

2.). WD 2007/ 144371PCT/ EP2007/ 055818 30 The solids

were diluted in n-butyl acetate (NBA, 73.06 g, 260 %
Sdntibnswisf aloweadto c(oBBdcrvgr; t@ﬂK’@ 8@‘B4cﬂf2 gE{iB k285:tr@i!ﬂ| adlylbromide was added

drﬁ\l%‘%zﬁé at | %gdn%g 8&, %# { tlh 8«%@? reﬂ ¥C 9 tei%ﬁ?lﬁmil solution

wiekieRe f&r%urs“a@ @5%. Mﬁ@omssbomeamban @cﬂrooﬂhﬁm@@’atﬁd @1d most of
in NBA was filtered throu%nﬂa 0.2 u teflon filter,

THHevas pﬂmpV@%f serugr- 200l SUN s aferlapd soluiongpexyd pifparation
fu?ﬁ’t{lt&ﬁ@t ¢ tvﬂagﬂe(ﬁkvlgé W S0RRIwW2R0 drband By&Svas coliected and dried

with a

1 owe cure at 400 C/ 15 nuns in N2 anbi ent
wiglawehyiirdusmagghdsiinm idfatao Solugbn a@ts fitsered fodiswed by ewporaganpf solvents.

o RS S B el R 90 bl 55

(8B cknesses up to 1850 nm were prepared, and they
shomed no sign of cracking. The filmcould be rubbed
with organic solvents such as acetone w thout
damaging it.
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10 Exanpl e 20 Hi gh I ndex of Refraction Polynmer 4

3-(9- Phenant hrenyl ) propyl trinethoxysilane (11.0g,

nmol ) acetone (16.5 g) and 0.01M HC1 15 were pl aced

i n 1 nil rb flask and refluxed for 16 h
W‘#ﬁ“é)%ﬁ"é’g'?nm ng, the solution was m | ky whi teQHt/ino‘%osssls

becane cl ear soon after the hydrolysis started. \Wen

the pol ynerization further progressed the sol ution

turned again slightly cloudy.28The vol atiles were

renoved by evaporation under reduced pressure, giving

white col orl ess powder 9. 60 g. The pol yner was stable

450 C
Ao B 8 505 B BHE 0BT ffndc ane
hetedGipdo PO P NRINL111095H AACY il EHtAWhs ldby, IAdﬂaio@me H&ﬂ@l@%@as started and
and a surfactant (5 ngﬁé%Fk()SO? of

expttieraicaerctipn wayphsorves - 1P |Ht0é)rH31 cﬂdg}rer%%lo‘msd“mg 40
EBEEE Bt iy SEEP RS, T SRR e

vacudih and &) inh(9N2, A9Di erl) tgammyhorlhOIf(rmwetWﬁsladMOBOW@Bby 50 mg

refraction 1.671 at 632.8 s of nm
BARE 8 s SRS B AT oY Lt DROPHT i (G S proguc yiipurified by
di rﬁﬁmﬁt BT]&SIHQ\AEQ B mbGYRId &5 ??ﬂﬁ%}&se&r Searhdlntbe AW thenanthrene).
e rubbed wth organic solvents such as acetone
wi t hout damaging it. WD 2007/144371PCT/ EP2007/ 055818
ﬁgple 21 High Index of Refraction Polyner 5
&rant hrenyl tri et hoxysil ane (17.00 g, 0.05 nol,
jﬁﬁﬁﬂmaéﬁdfmwiﬁkmgﬂamﬂnﬁeact|on bet ween 9- 5
bronophenant hrene, magnesi um and tetraethoxysilane
in THE) and acetone (15.00 g) were stirred until

9- ?Héﬂaﬁéu&gﬁﬁlhrsﬁf’sﬂm@ (19t 4D inehdlf; a@%ﬁ (12205 QAdHINGB HCI (7.2 g, 400
was then added Ehases (wat er

mgned) W@ alared)in §d fH s Beflasirgad @@r@.ﬁ%&% ques. [ Thx aatatilst pere
graé Ilér%liu@&f ufe, %ﬁte(soﬂép(yﬂnﬂ%r {11.84 g) was obta_med The polymer
yCl oxyprop rimet hoxysi | ahe” (3. 00 0.01) wa
wmkﬁhmbdand’(ﬁ\mlx 286k, 36850 )raeﬂ thex @atédom sikcnoafer, Soft bake 150°C/
Vbl wer e
S%ﬁ e%d;y B Eérﬁt?g(gﬁjsf | On'?lrlée 1?%8{ N dr@f‘ff'\i%%ﬁ %9"1 6BE0 Ad632.8nm
w@@ﬁn@ﬂﬁaﬁﬁe&n& Qlege)cnmmﬁdreﬁs ainidviidz. alﬁmaabn polynnndhrl muelthve

in until remai ned. CO
e huhon S et ey a TR R dRiE it pich chemicals.
evaporated until 24.84 g was |left as viscous polymer.
Anmount of non-vol atiles was neasured to be 69.24 %
ExprpleP8VEA (8.89 g) was added so that solid content
I s heated in oil bath (165 C)
Hmzlndé)?f{uxe 1%9 piﬁ}hg%r%\ﬂzo m nutes. The water 15
t hat forned durlng the reaction mas renoved in rotary

T

b@ﬂiobﬁ%ﬁﬂﬂieﬁﬂtm%ﬁeﬁﬁn/andl%@ﬂrgﬁﬁﬁﬁyhhﬂe MITHARAsng acetone (15.00 g) were

1,953/.2,080 g/ no S nmeasur,
siRsAsANChbAS e B PIRERaTc A TNOTHE BB 38 el was then
acﬁi@h dev@ ds&y (REMEAn %axﬁﬁﬁ&@ﬁ@@daﬂé sQstEd fatal ek @bintE the solution
% Rhodorsi| 2074 from Rhodi a) and surfact ant

becaima s BYRIU. prbbrertier i i ERB Vs added and e
ﬂ&?% 5 ﬁ)r% %%éémwé?e StabbGRA INRRSY o Ao Bl 25.00 ¢
Inrcou

rnin be rinsed with atetone
pwlymbtmotuMa m@:g;enetdo Nt Prepyli acmatel (AYPE ax Wargpddetardsypparation continued

agtaﬁnemﬁl A?n"’\}{ggm{]l ‘%'ﬁ%f‘ \R/I'OEPS(A eg g%lkr}lg}%rr%%g&ﬂer ul H-Q.B)O g{was added

cml):
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25 If no curing catal yst was used, the filmdid not
cure but was washed away by acetone. Al so, silano
peak in FTIR was high. WO
371PCT/ EP2007/ 055818 32 Exanpl e 22
w rggé“g“gfii on of blend of Polynmer 5 and rutil gcll'_rimeﬂmmsssw
nanoparticles Polyner 5 concentrate was fornul at ed
with rutilell02 nanoparticles (trade nane "nSol - 101-
5 5K from NanoGram 5 %in M2) so that the
pol ynmer/particles mass ratio varied from3/1 to 1/3.
anBughia ey amrat¢BYiH 2034 & vomldyas iironapdyme, Atgouaid non-volatiles was

catiqQnic initl ator Ll 2074 349
sl Be kol ViRl BRI Bl 8L el s s fBRpRPARs 50,
Tiat soRutid0 Ovak peatedlin@ilfHathn® 6 5% @and effluxdibioe d haiirs 26 Guifités. Bhe water
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polystyrene standards in THF.

Sample preparation: The solution above (9.67 g) was formulated with PGMEA (5.33 g),
surfactant (BYK-307 from BYK-Chemie, 4mg) and cationic initiator (Rhodorsil 2074, 10 mg).
It was spin-coated on a 4" wafer at 2,000 rpm. The film was soft baked at 130°C / 5 mins and
cured at 200°C / 5 mins. Film thickness after cure was 310 nm and index of refraction of 1.66
at 632.8nm and dielectric constant 3.4 at 1MHz. The film did not dissolve with acetone,
indicating that cross-linking had been successful, Similarly, a more concentrated PGMEA
solution (solids 25%) was prepared, spun and cured. The film was 830 nm thick and had

modulus 7.01 GPa and hardness 0.41 GPa as measured by nancindentation.

Example 19
High Index of Refraction Polymer 3

1-(9-Phenanthrenyl)-1,1,4,4,4-pentamethoxy-1.4-disilabutane (9.55 g, 22.9 mmol)}, 9-
Phenanthrenyl triethoxysilane (9.02 g, 26.5 mmol) and SLSI-grade acetone (14.0 g) were
placed in a 250 ml rb flask with a teflon coated magnetic stir bar. Distilled water (6.0 g, 333
mmol) was added and system was refluxed for 15 mins. Then, 2 drops of dil.HCI (3.7 w-%
was dripped in. In two minutes the solution became homogenous, indicating the progress of
hydrolysis. A solution of 1-(9-Phenanthrenyl)-1,1,4,4,4-pentamethoxy-1,4-disilabutane (11.45
g, 27.5 mmol) in acetone (16.0 g) was poured in, followed by 0.01M HCI solution (8.4 g, 466
mmeol). The reaction was allowed to reflux for 14 hours. After the reflux, all volatiles were
removed under vacuum, yielding 28.1 g dry polymer as clear colorless solids. It was thermally

stable up to 500 °C in argon atmosphere, measured by TGA (Figure 2.).
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The solids were diluted in n-butyl acetate (NBA, 73.06 g, 260 %) and surfactant (56 mg,
BYK®-307 of Byk-Chemie). Alternatively, solutions in propylene glycol mono methyl ether
acetate (PGMEA, 240 %) and methyl ethyl ketone (MEK, 400 %) were also preprared. The
solution in NBA was filtered through a 0.2 p teflon filter, and spin casted on a 4" silicon wafer
at 3000 rpm. Soft bake at 150 °C/ 5 mins and 200 °C/ 5 mins, followed by the cure at 400 °C /
15 mins in N; ambient gave film with index of refraction 1.6511 at 632.8nm and thickness of
683 nm. The dielectric constant of the film was 3.4 at IMHz. Films with final thicknesses up
to 1850 nm were prepared, and they showed no sign of cracking. The film could be rubbed

with organic solvents such as acetone without damaging it.

Example 20
High Index of Refraction Polymer 4

3-(9-Phenanthrenyl)propyl trimethoxysilane (11.0 g, mmol) acetone (16.5 g) and 0.01M HC1
were placed in a 100 ml rb flask and refiuxed for 16 hours. At the beginning, the solution was
milky white, but became clear soon after the hydrolysis started. When the polymerization
further progressed, the solution turned again slightly cloudy. The volatiles were removed by
evaporation under reduced pressure, giving white colorless powder 9.60 g. The polymer was

stable up to 450 °C under argon, measured by TGA (Figure 3.).

The casting solution was prepared by dissolving 2.06 g polymer in 8.24 g methyl ethyl ketone
(400%}) and a surfactant (5 mg, BYK®-307 of Byk-Chemie), and filtered through 0.2 i Teflon
filter. The polymer was spin casted on a 4" silicon wafer at 3000 rpm. Soft bake at 150 °C/ 5
mins, followed by the cure at 400 °C/ 15 mins in N; ambient gave a film with index of
refraction 1.671 at 632.8nm and thickness of 840 nm, The dielectric constant of the film was
3.4 at IMHz. The film showed no sign of cracking. The film could be rubbed with organic

solvents such as acetone without damaging it.
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Example 21
High Index of Refraction Polymer 5

9-Phenanthrenyltricthoxysilane (17.00 g, 0.05 mol, prepared by Grignard reaction between 9-
bromophenanthrene, magnesium, and tetracthoxysilane in THF) and acetone (15.00 g) were
stirred until solids dissclved. Dilute nitric acid (0.01M HNGs, 6.77 g, .38 mol) was then
added. Two phases (water and organic) separated. The system was refluxed until the solution
became clear (~15 min). Glycidyioxypropyltrimethoxysilane (3.00 g, 0.01) was added and the
flask was refluxed for six hours. Volatiles were evaporated in rotary evaporator until 25.00 g
polymer solution remained. N-propyl acetate (32.50 g) was added and evaporation continued
again until 27 g remained. Next, propylene glycol monomethyl ether acetate (30 g) was added
and again evaporated until 24.84 g was left as viscous polymer. Amount of non-volatiles was
measured to be 69.24 %. More PGMEA (8.89 g)‘ was added so that solid content was ~50%.
The solution was heated in oil bath (165 °C) and refluxed for 4 hours 20 minutes. The water
that formed during the reaction was removed in rotary evaporator, along with PGMEA until
18 g remained. More PGMEA (42 g) was added to give solution with solid content 22.16 %.
Polymer had My/M,, = 1,953/2,080 g/mol, as measured by GPC against monodisperse

polystyrene standards in THFE.

A 14 % solution in PGMEA was prepared and a curing catalyst (0.3 % Rhodorsil 2074 from
Rhodia) and surfactant (0.2 %, BYK307 from BYK-Chemie) were added. The maiterial was
spin coated on a silicon wafer and cured at 200 °C/5min. Film could be rinsed with acetone
without damage to the film, indicating successful cure. As can be seen from FTIR, the silanol

amount of the film was very low (wide peak at 3200...3800 cm™):

I no curing catalyst was used, the film did not cure but was washed away by acetone. Also,

silanol peak in FTIR was high.
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Polymer 5 concentrate was formulated with rutile TiO; nanoparticles (trade name ‘nSol-101-
5K’ from NanoGram, 5 % in MEK) so that the polymer/particles mass ratio varied from 3/1 to
1/3. Surfactant (BYK-307 from BYK-Chemie, 0.2%) and cationic initiator (Rhodorsil 2074,
0.3 %) was added to each sample. They were spin-coated on a 4” wafer at 2,000 rpm. The
films were soft baked at 130 °C /5 min and cured at 200 °C /5 min. Film thicknesses and
refractive indices are summaried in table 1, along with a reference sample, diluted with

PGMEA. to ~400 nm film thickness..

Tabie 1:
blend
ratic Tx after Ri after Tx after Rl after
Material wiw 130C/5min 130C/5min - 200C/5min  200G/5min 5%
Polymer 5 {ref.) - 424 1.67 409 1.66 3.5
Polymer 5 - TiO2 3-1 744 1.71 732 1.71 1.6
Polymer 5 - TiO2 1-1 322 1.76 313 1.77 28
Polymer 5 - TiQ2 1-3 177 1.85 170 1.86 4.0

As can be seen in Table 1, RI of the material increased with increasing TiO; loading. It can

also be seen that shrinkage did not change significantly.

Example 23

Preparation of blend of Polymer 3 and rutile TiO; nanoparticles

Polymer 3 solution (17% in MEK) was blended with the same 5 % TiO, solution as in
Example 22 at a mass ratio of 1 — 2. The solution was evaporated back to a solids content of
~17 %. The solution was spin coated at 2000 rpm, soft baked at 150+200 °C/5+5 min and
cured at 300 °C/15min. The results are given in Table 2.
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Table 2:
blend Tx after Rl after

ratio 150+-200C 150+200C Tx after R after
Material wiw ! 5+bmin / 5+5min 300C/15min  300C/15min 5%
Polymer 3 {ref.) - 846 1.66 822 1.65 2.8
Polymer 3 - Ti0O2 1-2 549 - 511 1.85 7.0

As will appear, index of refraction of the film increased 0.2 units with 1 — 2 ratio of polymer -

rutite TiO; nanoparticles.

Example24

Preparation of blend of Polymer 5 and anatase TiO; nanoparticles

Polymer 5 was blended with anatase TiO, nanoparticles (trade name “ZRM-001’, from
Sumitomo. 12 % in MEK) with solid ratios I — 1 and 1 — 3. The films were baked at 200

°C/5min, The results are indicated in Table 3.

Table 3:
biend
ratio Tx after Rl after Tx after R8I after
Material wiw 130C/5min 130C/5min  200C/Amin  200G/5min S%
Polymer 5 (ref.) - 424 1.67 409 1.66 3.5
Polymer 5 - TIO2 1-1 NM NM 910 1.73 -
Polymer 5 - TiO2 1-3 NM NM 591 1.80 -

As can be seen in Table 3, refractive index of the film increased with increasing anatase TiO»

loading.

All high index of refraction polymers were also tested for trench gap-fill with trenches 1um
(width) x 4um (height). All polymers showed excellent gap-fill performance and showed no
cracking after 400 °C / 15 min in N; ambient.

It was also found out that all high index of refraction polymers 1 — 5 that are compatible with
CMP (chemical mechanical polishing). It was found advantageous that cure films first at 156

to 300 °C prior performing CMP with traditional oxide CMP slurry and then applying
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additional higher temperature cure at 180 to 450 °C. When first cured at lower temperature the
film gets only partially cured, i.e., some residual silanols remains in the film. Due to silanols
the polymer films is still slightly hydrophilic, which preferable when performing oxide CMP
process. All polymers were also compatible with efch back process by using oxygen plasma.
The polymer film ctched very uniformly about 100 mm per minute when applying oxygen
plasma and the plasma process did not cause any index of reaction shift, surface roughness
increase or defect formation. Itis worth notifying that conventional high index of refraction
organic polymers cannot be CMP and etch back processed without damaging the film surface

quality or changing the film optical properties.

There are also three important technical issues for new generations of CMOS image sensors
(Figure 1) that can be reached with above-mentioned chemistries: size of the device; speed and

power consumption; quantum efficiency.

Explanation of Figure 1: 10 semiconductor substrate; 20 photo-diode; 30 metal lines,
interlayer dielectrics and intermetal dielectrics; 40 colour filter array layer; 50 micro-lens
array; 100 high aspect ratio photo-diode gap filled with high index of refraction siloxane
polymer; 200 high index of refraction siloxane polymer for color filter planarization and

passivation and; 300 micro-lens passivation siloxane polymer.

Size of the device: the smaller the pixel the greater the number of pixels on same area, i.c.,
improved field factor. This is can be achieved by reducing lens size, diode size, thinner

metallization and applying multiple levels of metal.

Speed: shortening the metal lines, improving the conductor Cu versus Al and lowering the k

value of the dielectric will improve speed and reduce power consumption.

Quantum efficiency: this is an opportunity to improve the device efficiency by using new

materials that bring light into the lens and transmit light down to the diodes.
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the light reflected down into the diode. A simple solution is to line the sidewall with a

reflective coating but that would add expense and would be very difficuit. Also CVD metal
deposition will make the channel narrower (reducing light transmission) and eventually pinch
off at the top for narrow features. However if material 100 has a higher index of refraction
than the material used to make the wall next to it then refraction will be mimmized and more
Light will be guided down to the diode. Thus the metallization is surrounded by CVD SiG;
which forms the sidewall for the light channel. CVD oxide has an index of refraction approx
of 1.46 at 632.8nm wavelength range and so the light channel needs to have refractive index >
1.46 to reduce refraction at the interface. Thus basically this is a vertical waveguide
transmitting light to the diode. Thus a polymer from Example 19 based material with high
index of refraction would function well for this application. This is a transparent film and thus
would be mechanically compatible with the neighboring CVD SiO,. The index of refraction of
polymer from Example 19 is 1.65 and thus would increase the reflectivity of the light from the
oxide sidewalls with refractive index of 1.46. While this material can be cured at low
temperatures of 250 °C, it can also be cured at higher temperatures above 400 °C to be
compatible with processes required with Al, Cu and SiO,. Furthermore as devices are made
smaller and metallization shortened to improve speed, the aspect ratio for the channel

increases,



WD. 2007/ 144371PCT/ EP2007/ 055818 34 addi ti onal hi gher

tenperature cure at 180 to 450 C. When first cured at

| ower. tenperature the filmgets only partially cured,

: “n%mﬁwu4§ﬂ"e residual silanols remains in thePEThﬂhmﬁﬂﬁsm
2 41130l s t he polymer films is still slightly

hydr ophi lic, which preferable when perform ng oxide

CWP process. Al polyners were al so conpatible with

etch back process by using oxX¥gen plasnma. 5 The

pol ynmer filmetched very uniformy about 100 mm per
Passimaticn offerCdept iiersgng sgst mﬂfﬁﬁé (2P{kingigagayg above the color
process A
RS540 8 ol iR S AR, PLuERREA: B ldpertomunc.
pomn«tdfrdm Ex:fxypla @8 ﬁshaeinspmmt entisibledighhyeg kffeaively Wbdcks UV thus light

B BB BB 3000 2 B B P rom

Efdld 19/isQh cCRABAN piihatitiag hiatdmapm @alfepivepasstiagion 1a6r. The
There are al so three inportant technlc]L$|ssues for
PRERFIGERERAEhcs 16‘1‘6"@@6%?%‘: cw78 GPier ? rd#yes 289 mf‘}’i%tlens layer,
thEARINRs FERENG U ke fﬁﬁﬁ‘lﬁﬁrﬂé{&{ét AR &fs MBRALISh b8 Surcd htZlew
of the device; speed and power consunption, quantu
tewpéragrasncii0 ang)ﬂmr@fﬁ@tqogﬁn@fca@e@mr@alldcc@gauOn to orgamc color filter
m? Hh_onductor substrate; 20 photo-di ode; 30 netal
I'nes, interlayer dielectrics and interracia
dlelectrlcs 40 colour filter array |ayer; 50
m cro-lens array; 100 high aspect ratio photo-di ode
gap filled with high index of refraction sil oxane
pol ynmer; 200 high index of refraction sil oxane
pol ymer for color filter planarization and
passi vation and; 300 micro-|ens passivation sil oxane
pol ynmer. 20 Size of the device: the smaller the pixe
the greater the nunber of pixels on sanme area, i.e.,
improved field factor. This is can be achi eved by
reduci ng | ens size, diode size, thinner netallization
and applying nultiple levels of netal. 25 Speed:
shortening the netal |ines, inproving the conductor
Cu versus Al and lowering the k val ue of the
dielectric will inprove speed and reduce power
consunption. Quantumefficiency: this is an
opportunity to inprove the device efficiency by using
new materials that bring light into the I ens and
transmt |ight down to the diodes. WO
2007/ 144371PCT1EP20071055818 35 Materi al s deposited
before the color filter array and be cured at
relatively high tenperatures to



l ock in their nmechanical properties and being
conpatible with other materials used in chip
construction. Materials deposited after the col or
filters are deposited nust be fully cured at | ower
tenperatures ca 250 C or b¥l ow. Materials of this
_ invention are highly suitable for 5applications above

Claimsand bel ow the color filter array. Maxin zing quantum
efficiency: Light incident on the lens is focused and
passes through the color filter and is transmtted

L. A sengjepAuctas devins colPi@ei n t he devi ce | ayer. The objective

.S t 0 ;NEXiLMHaE&rsheaadount of |ight reaching the
di ode. For exanple the material inmmediately above 10

the dieeleliveefpbotodiodes ampaged pathe SeisenduetorSHSHIE: t he

mexi My AR bnd lieleb @D tmaicHA® AsNin@domtedt @fyer B the substrate, said

sidewal I's of material 100 at Figure 1 is a source of

| i ght intereennen ayess defineapertuses aAe Phaterd©8%: t he |i ght

ref | egted Holome: Wi ishie %bsoéiil@h a0 SHVIPINE pERb-HohQn i s

toline the'sidewall wth a reflective coating but

that Ve ef el fiistparesged ap ippvksiaap filkise pabyryer dqyerappasits to the

Also D pual deposition will make the channel

narrower (reducing light transm ssion) and eventually .

pi nchas&end pelymerserangehot Be HAPBH faset iy sQverippid gy planarizing

i f o mat gl halivaiRmlasiofkt Bh&s; i ndex of refraction than

the material used to nake the wall next to it then

ref r aethlusitnel mictsdenspsrignged @ depiofriby Blanarigpg polyner qpaosite to the

gui ded,domp.d nd he diode. Thus the netallization is

surrounded by CVD Si 02 which forns the sidewall for )

the | iaghitd rothamasdayer @ymesshinder Rhte FHcPhdess fpf passivating the micro-

refragl,iQn approx of 1.46 at 632. 8nm wavel ength range

and so the |ight channel needs to_have refractive
whereinjaplgaskons opthe palgmerdnatesils seomerisedeld sBorant pabymrer pik er f ace.
wherein B St BASUGR docldl] Sripfiscd 1NGEAdr A 2herliBN SBILAS

ransmtting Iight to the diode. Thus a polyner from

Exanpl e 19 based material w th high index of
refraction would function well for this application.
This is a transparent filmand thus woul d be
mechani cal | y conpat.i bl 8,wi t h t heRgei ghboring CvD
SiG. The index of refrjaction of Jpolyner from Exanple

19 is 1.65 and thus woyl.d increagle the reflectivity

of the Iight froffhe 23oxi-de_st-8&wal Fs with

refractive index of 1.46. Wiite tlhhis material can be

cured at | ow tenperatuges of 250 C, it can al so be

cured at hi gher tenperatures abové 400 C to be

conpatible with processes required with Al, Cu and

Sith. Furthernore as devices are nmade smaller and
metal | i zation shortened to inprove speed, the aspect
%@%jﬁzfor the channel increases. WO

20071144371PC1 AP2007/ 055818 36 Passi vation of the

Col or RFi | t eradhydnotysableerdvenses: The material (200 in

figurg 1) . it : j il .
oppor ftnt ¢ § orebl SR iite i RicuRtlled B 3. pSlagabiiy educing
per f or manc ergvipgbymescombippiofrbatbrevions, speh as pm plkylaplkgay], alkynyl,

to visible,_lj f j L tsy | ght
protecti ngmlg%i? ﬂ&c{yﬁlzé gé@'fpé) ESW?%%mQL%%%%A%{? é{’;gﬂas °
wel | as signal noise. Also the polyner from5 Exanple
18 is an excellent planarizing material and an

ef fective passivation |ayer. The pol yner al so matches
the index of refractions between color filter |ayer
and mcro-lens layer, thus reduces reflection from
the filminterfaces. Also this material can be cured
at low tenperatures - 200 t and therefore does not -
cause thermal degradation to organic color filter
materials 37
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3. The senaigandiajer deviesagparging foodipm psl2aherein py lpastone ofithe ipplymers, preferably

all three of the polymers, comprise siloxane polymers which exhibit -Si-O-Si- and -Si-(CH,),-Si- groups,

wherein X is an integer 1 or 2 and y is an infeger 1 to 20.

4. The semiconductor device according to any of the preceding claims, wherein the pblymers have an

index of refraction of more than 1.58 at 632.8 nm or higher.

5. The semiconductor device according to any of claims 1 to 3, wherein the polymers have an index of

refraction of more than 1.65 at 632.8 nm or higher.

6. The semiconductor device according to any of claims 1 to 3, wherein the polymers have an index of

refraction of more than 1.60 at 632.8 nm or higher and a dielectric constant (IMHz) of 4.0 or lower.

7. The semiconductor device According to any of claims 1 to 3, wherein the polymers have an index of

refraction of more than 1.60 at 632.8 nm or highef and a dielectric constant (1MHz) of 3.5 or lower.

8. The semiconductor device according to any of claims 1 to 3, wherein the polymers have an index of

refraction of more than 1.60 at 632.8 nm or higher and a Young's modulus higher than 4.0 GPa.

9. The semiconductor device according to any of the preceding claims, wherein the polymers are

thermally cured at a temperature between 180 and 4506 °C.
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of refraction of nore-than 1.60 at 632.8 nm or higher
and a dielectric constant (1WHz) of 4.0 or |lower. 7.
14. The SficoR@Rioe dmhecabmdm&twmg ofdgos ditn 3. tvdiemimthepolyhess arg figst cured

with m?rglﬁfg%a;{\h 38% %be]n 1{;{12[ I%rﬂé{an% B1a¥1f n@%& n%gﬁﬁr%lcgf; p%llsh]ﬁ% r.':md are then

subjecte@fth fhabth@melek UVeudmnst ant (1MHz) of 3.5 or Iomer 8.

The sem conduct or device according to any of clains 1

‘to 3, wherein the polyners have an index of
15. The fefidoadiiciopdevit ofmy ef tlhian 1 1o 60 whtreB®3Ple®t e ob theppyens has an index
of reﬁacgwlﬁgg%g 5?18 ﬂgg& chrs%%% Elbéq ?sg thé%@ 093\7@111 col%r ﬁﬂ—e'? @ayers or with
micro-l4pk &gadi ngibklvavetsngthvaegeei N t he pol yners ar e t hermal | y

cured at a tenperature between 180 and 450 C. 39

10. The sem conductor device according to claim9,
16. Thdl\téﬁflmnﬂuctd’ﬂeiepﬁé ym@r@ngt(eamyup%dlethdqdiag birhi, rveieredm thef polymeric

11. The sem conduct or

| mateﬂdﬁg%es%mgégFg‘rba |”}?81pf’rau% %Jn%og%cle ™0, wherein the

polyners are first cured with thernmal heat and then

17. The senuco ec{ucl% e%%% Sagc%r mg {& c?a1mW6C@Ler£{§ QU@B&&% V%?éhlt 3”.11@ gdymer 15
combined with 1 to 500 parts by weight, preferably about 5 to 100 parts by weight, in particular about

10 to 50 parts by weight of nanoparticles to form a nanoparticle containing composition.



12. The sem conductor device according to clainms 9 to
11, wherein the polyners are first cured with therma
heat and then further etched with a dry etch plasm
process. 13. The sem conductor device according to
any of claims 9 to 12, whetkein_the polyners ar

18. Thes¢raigandaetorfleca pAgcoraisg gjtqlegzﬁ 1§10 l]‘J7 whergin thﬂ,]r@nopartlcles are selected from

the gro@%'ﬂn mﬁﬁ%&ﬁl%loﬁe Yo Box@deS, Q@i dePardRitANY aff mbdudéd Berdoft O

3, efein the polymers are first cured with therm

heat and then further processed with chemca
nmechani cal polishing and are then subjected to a fnal
thermal or UV curing. 15. The sem conductor device
of any of clainms 1 to 14, wherein at |east one of the
pol ymers has an index of refraction difference of
| ess than 0.1, or nore preferably |less than 0.05,
with color filter layers or with micro-lens |ayer at
vi si bl e wavel ength range. 16. The sem conduct or
devi ce according to any of the preceding cl ains,
wherein the polynmeric material has been nodified by
i ncorporation of nanoparticles. 17. The
sem conduct or device according to claim 16, wherein
100 parts by weight of the polyner is conbined with 1
to 500 parts by weight, preferably about 5 to 100
parts by weight, in particular. about 10 to 50 parts
by wei ght of nanoparticles to forma nanoparticle
contai ning conposition. 40 18. The sem conduct or
devi ce according to claim 16 or 17, wherein the
nanoparti eles are selected fromthe group of netals,
netal alloys, netal oxides, carbides and nitrides and
m xtures thereof



