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WD 2007/ 144371 PCT/ EP2007/ 055818 1 SEM CONDUCTOR

OPTCELECTRONI CS DEVI CES Background of the Invention 5
wo-e@d4431 t he | nventi on The present invention PEl/APES7/055818

to a process for naking sem conductor devices by

utilizing novel polyners. In particular, the

i nvention provides novel sem cgnductors in which at

| east one |ayer optical or electrical of CMOS inmage

conposi ti ors ' OO P -S~
Further, the |nvent|on concerns |ntegrated circuit

and optoelectronlc devie&Suand s it NRA59f Processing
novel polymer naterl§¥s—§ﬁL—nangEatrurrng t hem

Description of Related Art 15 The conmercial use of

el ectronic i mage sensors in electronics has increased
EHL%Q%@E&%ﬂEQEBver the last few years. They are found
in caneras, cell phones, and are used for new safety
features in autonobiles e.g. for estimting distances
Theprassn invehii@l mhtesde b grodengiobmakthgspoticondnadr dovpams g utilizing novel
i uct or, manuf acturers

p (5)6/ m r ors l%ﬁﬁ%d% i ”\)éﬁﬁ%“pfo%” S n{)xéel%ogi 7 Loy In whith%t least one

lapérQﬂM@M' di"életc&lc@l?@tt CMOSSintheaRaorsGMXads @BARg a polymer or polymer
manuf acturing uses nmany of the processes currently

cqmﬁaltms of Bmdaenplipel w@ng meapmersn @uatnhdr, disag vension ceagsirpseintegrated
m%ru%t a to%?e@{réﬁ‘lc dlexl;ll\é S nqéth&? AP g ?sei‘ril% Bgve?gglymtep fhaterials in

ces rocessing from
m@hﬁh@dﬁ@@&whﬁ built in the silicon |ayer. Standard
dielectrics 25 and netal circuitry are built above
the diode to transfer the current. Directly above the

DAL hSf RN QP cal |y transparent material to
m t he devi ce surface and through a

color filter to the active photo-di ode. Transparent
T‘}E)ﬂrotectlon and. pl anari.zati on nmaterjal i.s typical

cRrgersiAl pse HeEleeHiogic 1mage sqnsors Ay elgeones h &?Hlécreasex dramatically over

thg‘lafsE Rl ﬁ&?@ They @re%hﬁ& inQUBferdsNE& YRR, hAE Frel RYEFor new safety
above t color filters in order to | nprove device

fepelrefson p;amm@bllgﬂ fia) gl ﬂoyemmgdmncghbdtwy@r vediclemaylétecting blind spots
ced ver ¢ jﬂ or alt rnat vejétafglass slide isd .
%@58%88 %él?l“PFFee f-engai sy 8%{\% PR 2§ SN VS B g cuction
lited@o CRNOS d&tthof PR dGatRIto nM¥eEthi CAMARNIC TS salir Rlahbifacturing uses

using subtractive
many of the processes currently used in standard IC manufacturing and does not require a

large capital investment to produce state of the art devices.

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

aluminum/ CVD oxide metallization with one or more levels of metal. For the manufacturing
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al um nuni CVD oxide netallization with one or nore

| evel s of netal. For the manufacturing WO 2007/ 144371
weN/ERPBO07/ 055818 2 of planarizing |ayer or PCTI/EP2007/055818

m cro-|l enses are al so used organi c polynmers such as

pol yi mde or novolac materials or maybe sonetines

si | oxane pol ymers. Organic pol ynmers can be divided

into two different groups with respect to the behavi or

of 5 their dielectric cons Non- p yners
O R B LIRSS S %P@ag}w@a A much@éﬁakymde or
n@o%em&t&%is BRI BE GRRSHRE sfP(ﬁxaBQBol%{e?sr C-C bonds, the

di el ectric constant can be estimated using only

density and chem cal conposition. Polar polymers do

Ormanhichalenérowvai brséi,videb tto tad éfferearpraipy vethomspeot to the behavior of

different electr t|V|t which give rise to
thgix digleqiniq onsiapt Npg- Rgﬂ %rtnomivﬁrﬁ aﬁntamnﬂ@ewf Wl%@hﬂ}%ﬁgdy covalent

b&ﬁg%lﬁéegthg nﬁin‘ﬂz 8&stsk 6f h@SFoland-@ bdh &, BfeldidEctRORSHsBH: can be
whi ch depends on the frequency and tenperature at

esMnatﬂd ushngyondy dersuta Ian@tslmmca‘;‘e‘@mpalsltlon drotdrgpolyyadry denst have low loss,

bee .devel o for ect . .o
oul i FrreRB B EF Enee el ety MTERERE st BTG merrc
cHab& disthiBiei s GhiBpolat FIN hbds havSRilch&lefiélectfiBloss and a dielectric constant,
incompatibility with traditional technol ogical

which derands od espency and tgnpprayas aldvhirle theg tare @vgluamgy Several organic
poelxrﬂnllg hive ﬁee%"ﬁe &RE%J %ﬁ{etl ﬁr‘rf}: d&%gcﬁ%g P?(D\%Weg %nghcablht% of these films is

hani ca
hm:itémmdausﬂaaifﬁmmgw t:h5rnﬁdl etabﬂitm soﬂfh@{s ezfrﬁlr 1ﬁccﬁﬂ[5m1bﬂfty w1th traditional
recent focus has bee | sesqui oxane or

teghnoboeasne Prasessss ﬂ?veépps%@o&o@l Péﬂeé@eerlwn%?n Hobpmplg, organic polymer
a?g oxanézgcaf ﬁ{ecll}?a%?:al? ?51%%6@% Ebhél Bhck %PI gl%gésg?g%%thout damaging

ementary unit. ul oxanes

theffilM- r esi ns, are organic-i nor gani ¢ hybrid poI ynmers
with the 20 enpirical formula (R Si O3/2)72. The nost
common representative of these materials conprise a

Tllléi‘gfg?er SInYHRSE r8EdbEdCHE Ras RRBA off S@@%@ﬂ&%ﬁlﬂ@iéﬁ%@)r ‘éﬂ&ga"ﬁkﬁ(’)ﬂ@hca based
gtSlllconatoanace at t vertices of a cube

dl(eféstrlc @béppmal sialtdrgdm FoahS@ F@@dsagld“eathlydﬁ ogenquiaking (siloxane) is the
| sesqui 0x

eI TN i S g S i i B RRRORT P QAT PUGNG R Grers with he

erfipiicilForrinkl € (R-ROYHN IThe $ikis Edrhitbh @Epréentive dh@e s @alHEls comprise a
substitutes provide |low density and | ow 25 dielectric

laddidypittrugtitre.iand geege staicturg gentpigingreightesilisen piogns placed at the

Ve%{e%to?gt Qé "lt I?:%b% rélfé%omhaﬁr@%dﬁ }@d%dg%g al%glt glkgﬁ'iftl a(iIk(;X?z and aryl.

ow pol'ar i Zabi hpari’so
Mah§ hﬂstehﬁu&a-n& Mdedsﬂnﬁl@ood sonebiBiylis esmmo(nmgteudaaﬂeailts due to

Ay @3S Rution o S1. The organic subUutes provide Iow densiy and low
dielectric constant matrix material. The lower dielectric constant of the matrix material is also
attributed to a low polarizability of the Si—-R bond in comparison with the Si—O bond in SiO..
The silsesquioxane based materials for microelectronic application are mainly hydrogen-
silsesquioxane, HSQ, and methyl-silsesquioxane, (CH3-Si0;,;), (MSQ). MSQ materials have
a lower dielectric constant as compared to HSQ because of the larger size of the CH3 group
~2.8 and 3.0-3.2, respectively and lower polarizability of the Si—CHs 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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si | sesqui oxane, HSQ and nethyl - si | sesqui oxane,

(CH3-SIi B12)n (MsQ . MsQ materials have a | ower
wale@eesri c constant as conpared to HSQ becauseCDEP10hE055818

| arger size of the CH3 group 30 -2.8 and 3.0-3. 2,

respectively and | ower polarizability of the Si-CH3

bond as conpared to Si-H However, these filns index

of refraction at visible range typically around 1.4 to

1.5 and always less than 1.6. WO 2007/144371

PCT/ EP2007/ 055818 3 The silica-based materials have
Thd§lid L5 BN GAIM a1 LRTE CheSh itk §29E stﬁic%e oPK|h.C §11ﬁ§§1a§a molecular

nol ecul ar structure in which each SI atomis bonded
strugtufre uy whixl geeh Sitacers is achd &1 fouc oxy @h @mnis Each siheon atom is at the
ceC e?}o %ﬁggug)are}ltr = uéraoér gté{/gaeﬁe orn%)%rel\li gf g&xléigsgl?n%tilggn?ﬂ)ésgmﬁs 'All pure of
s1h@a\/lﬁw€ ABBR sHUEMALsUNE i e G afh&@enE: dRithaPtaslilyePér example,

thermal stability. For exanple, anorphous silica
areipheus silisadilms, wied ipBlieelpestrines; hvavedeasitenfs?. {yo 32 ggent’.
HI)Yvever 2thg4r1 %ﬁeﬁéﬁl{g V}gtag{ 1s Eisg%[l%h % gll g%torn# %, Octg ﬂ%t Attio Ihi?’gh frequency
dif peesloie B Ye dibiledues sompmnowhiches thleéewtthe ﬁlgﬁqj’(bﬁirﬁﬁﬂblh'ﬂ}“kbfahe Si-O

is related to the high p olarlzabllltg of the Si-0O

bagsisanereffisy BfiRCSREY lodeplacsedser ynare St-EpPidvlegtgergpps with C-

chu%n? orggq ugprgﬁﬂsd QicA%s ¢ Su &/Blcﬁ'} 1&}2 RLALE q{%wever, these

organfrc such as roups, omers
oﬂgan/ia luoies rediowethe degrtésasfebridgingamosslinis asSVﬂibldmreeseis e free volume
rees of b i ng crossl.inks i.ncreases the
bat W & Doy [ﬁé GASHEEGRINENES "se\?%ﬁ thely mecpanie strength (Young’s

mBhnds @"(‘T@P g-ﬁhg CREIRICEL relifi@hde iNBRGhRA é‘orﬁﬂarr&f‘ﬁ)ttgtra(h%ﬁfém 8ili€on dioxide.
nmodul us GPa) and chem cal resistance is reduced

Atsonqhaseerdethy)l baétd sihede ahd §5Qi(co nl\/iiﬁQmotiseners hiwoglatingg dow cracking
bast|I|c nd_ S e., M5SQ polyners
Shet SPRRRYeR i ST AN FEfRiS © b esholw, "oybi carly
on the order of 1 umor less. Summary of the Invention
It is an object of the present invention to provide a
novel high index of repmaeanved the [nyeaten 20 pol yner
conmpati bl e mnth tradi ti onal Integrated Crcuit (10

1 B R BBy BTl By tde o Ak B hieBdepith eitdruof siloxane
drprﬂslrmfm;saﬁb&svvﬁtmtrﬁdmmaa Ineyated QF@ANIC)f pb&dstig ahd €840S image

nmol ecul e. 25
sensor applications.

It is another object to provide a method of modifying the monomer so as to form a novel

organo-functionalized molecule.

It is a third object of the invention to provide methods of producing poly(organo siloxane)
compositions, which are suitable for the preparation of thin films having excellent dielectric

properties and optical properties.

It is a fourth object of the invention, to provide 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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It is athird object of the invention to provide
nmet hods of produci ng pol y(organo sil oxane)

W@ o09pos$i3ri ons, which are suitable for the prepeCHEPINT/O055818
of thin filnms having excellent dielectric properties
and optical properties. 30 It is a fourth object of
the invention, to provide novel, thin filnms, having | ow
dielectric constant, excellent nechanical and thermnal
properties, said filnms being forned by the above-
menti oned pol ynmer. WO 2007/ 144371 PCT/ EP2007/ 055818 4

It i a fifth 8bfebd SOV on0b prdiBdd Hl\éﬁettricq{ﬂyetrQOnglﬁ&ﬂjﬁld glass wafers.

dielectric layers on S|I|con and gl ass wafers. These
and ot her obJects t oget her mnth t he advant ages
t her eof Qver t.h lectric
e REGLPh et Tor DRt B S0k Ger Belhar ahergfBkftwh dielectric thin

filRRCAAENARRAITENthe fpk Al 508 GhdrbFaivhRA shAMb&ddndeph Bt fréth 8pecification
acconfllshed by the i nvention as hereinafter described
el

whisH fellaysrers. accomplished by thedorensipa as heisemagpj éseliasisandrelaimed.
the present invention, novel polyorgano sil sesqui oxane
mat eri als, which are based on nul tisilane nol ecul es,
Inasiderus aéhlbveathederdbckiayein thapiebant im@nfiod, vel Polyfodgano silsesquioxane
sem conduct or. or optoelectron c devices, are
mpisfiplsabish areckased ot mpltisflpge melsewes. apd upefel asdyterlayer insulating films
fol B AR B toéfear@tlch s Eﬁé@nt'ﬂﬁquEd atons, whi ch
are I nterconnected dgi ng rocarbyl radi ca
and whi ch exhi bit hydrolysable substltutents on both
of tBe netal ato along wth at | east one or

G@I}eé%} Wi RpngIEer o ﬁ}éaotfoé’e mategals R at [rast two etal atoms, which are

1n[%%(ﬁﬁlb@t@@b§1 h toYid g hhgroR Ry MRalicaf 4t WIBEN EXIAGS h&d@b‘sﬁ’&le substitutents
the polymer, formng nanoneter size porosity to'the

orpldtly wé fheanetalonenn along witfat &abt cmeewgamusglpup pémcth 1esapable of reducing

f or med om.t he t he
o PR A LSRR B Hithen s PRbLpE e ahghrS fTRLFE papometr size
pdrbfigas tkY pdlyABEHCDmbikitioalof Bl prdVyslis peachids fafmdefrditkd monomer.

links the two silicon atons together Furt hernore, 20

typi cally one of the silicon atonms contains three
Ing%gttrtc%lléfsf’ﬁ? ln‘i:"et% ﬁ Sarf Q@ cgll*? gto%%sg%{d t%lg Ibhﬁg Iﬂ% rz?(flgamls a linear or branched
(bevahesi$) Hyldaddartgy 1 gfqu:bp)vhlﬂeﬁﬁltsl the tved siivdhgomg t@meo rFurthermore

pol ari zabi |l ity reduci ng organi c_group, such as

tyatcg y oneaq)tktgﬁ 1co%pqgwypntaglls>ﬂpree hb@pVég}gp gfougp 6%th6 jother silicon
atg g,%ﬂ ‘fnsct%th?/tiﬂil%gbl% Arbtgng And fa{?% ant@@o C?aﬁttk?l{g H60YRedBiYe cleaving

e fully or° pa I nat e
group or polarizability reducing organic group, such as an alkyl, alkenyl, alkynyl, aryl,

polycyclic group or organic containing silicon group. The latter group may also be fully or

partially fluorinated.

The general formula I of the precursor used in the present invention is the following:



10

15

20

25

The general fornmula | of the precursor used in the
present invention is the follow ng: WO 2007/ 144371
WO EPBO07/ 055818 5 12 I1 R -Si--, ----Si RPCT/EPRB7/055818
Rl RL wherein: R is a hydrolysable group, such as
hydrogen, a halide, an al koxy or an acyloxy group, 5
R2 i s hydrogen, an organic cro§sllnk|ng group, a
reactive cleaving group or a polarizability reducing
organic group, and R3 is a bridging |linear or branched
bi val ent hydrocarby] group.RjIn the nethod of the
i nvention, formulall covers tmo slightly different
kinds of precgrsorg, viz. first initia
pr ecur sor corrbspoEJ‘TRgTb[nula | wherein R2 stand
for hydrogen. The $econd nd of precursor have
fornula | wherein R standRifor an organic
cross-linking group, a reactive cleaving group or a
ol arizability reducing organic group, or conbinations
Wiffeleof . These groups are represented by al kyl,
al kenyl', g kynyl,, hyﬁfdﬂlsablg%réﬁgy GhdCasHyRHRen, ad"l@alfﬂ@ geﬁ‘ﬂilféoxy or an
contai ning silicon groups mpounds “accordi ng t
the formul a whawkmmgﬁzugroup is hydrogen can be forned
by a hydgosilylation reaction mh? Ejn a trihal9 2
and a di ht osi P IXEOFFY PORPECOHIPRELH BaAlte 1?5‘1EC &iNing group or

cobalt oct aCarbg@l}iﬂlza%m@@edu@lnfg(lfrgﬁrﬂc group, and
1,1, 1, 4, 4- pent ahal o- 1, 4- di si | abut ane i nter nedi ate at

good yi el Rs Thisg trideinerinehareorenche bivalsatkydregary} group.
e.g. hydrosilylation, to replace hydrogen at 20
position R2 so as to forman organo- functionalized

Insthé aRehodldf tHZingé¢rmion, fosmalariededds o ghi ghily, diffei@nt AU precursors, viz.
g deconpose during the filmcuring procedure and
a fig %ﬂ%@ﬁff%ﬁoa%rmgendsu Aoy a bWB’EFﬁl 2 fndfor hydipgsn. he second

klh? gpﬁﬂe@ﬁ’rsgﬂ' BRP fSnfa PQ/H@eﬁlaﬁz' {h (grg%ﬂw ErokQ h}{ﬁ‘ﬁg group, a

e present invention I's pro uce drolysing
rebdtevelvyeivolgysalyl @ gpdandsbdfty reducing organic group, or combinations thereof.

These groups are represented by alkyl, alkenyl, alkynyl, aryl, polycyclic groups and organic-

containing silicon groups.

Compounds according to the formula wherein R, group is hydrogen can be formed by a
hydrosilylation reaction wherein a trihalosilane and a dihalosilane are reacted in the presence
of cobalt octacarbonyl so as to form a 1,1,1,4,4-pentahalo-1,4-disilabutane intermediate at
good yield. This intermediate can be converted by, e.g. hydrosilylation, to replace hydrogen at
position R, so as to form 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 polymer of the present invention is produced by hydrolysing the hydrolysable groups of
the multisilane monomer or a combination of the polymer described in the invention or a
combination of molecules of the invention and molecules known in the art and then further

polymerising it by a condensation polymerisation process.
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25 the nultisilane nmononer or a conbination of the
pol yner described in the invention or a conbination
wo@Roompkscul es of the invention and nol ecul es kPOIAP1007/055818
the art and then further polynerising it by a
condensati on pol ynerisation process. WO 2007/144371
PCT/ EP2007/ 055818 6 The new npterial can be used as
an optical dielectric filmin an object conprising
e.g. a (silicon) wafer. 5 The present invention al so
provides a nethod of formng a thin filmhaving a
Tl‘ijé RE® Ghitblal GANSE AR & aft oPtill di@S&riO FiIAPIEaRb8]e8f BthYrising e.g. a
.5 or less and index of refraction nore than 1.58 or
@pmeﬁhwdbty more than 1.60 at 632.8nm wavel ength range,
conprising a nononmer having the fornula I, to forma
sil oxane material, depositing the siloxane material in

Thdsre§cRt Mvehtich 4154 ﬁrovid@é’@ iretACOf GoHmhiAG a kNG FAIMIHAvInAY dielectric
to forma film 10 Considerabl e advantages are

capptani ¢fet0 bylesher merederferanbved oreserndindexaefdefgctionenore than 1.58 or
prgPetrJ‘b(fdﬁlo% thaﬁﬂi %fa"il%gf Eﬁ{]%avlgl%%th hlg%(e c%rﬁﬁnﬁ%%e gg‘P)tnomer having the

I nven ents a so
fohﬁhhtlf,‘@ fbﬁn @Bﬂbﬁaahle nitit@fi2 Cdepbsitip®@theEbSane MMterial in the form of a thin
speC|f|caII i ndex of refraction, CVP conpatibility,

lapere prchewaie the tielayeee fermpadilns and har dness), cracking
threshold and thermal 15 properties, also applicable
to ICintegration tenperatures. The filmis also
C il deir it aixla;ltagag)zp’e iobabled Hyahd pghdint apvel adit@talomd by the methods of
nced curin

%B{eferab U¥ mavelen th. or e-bean) enh F%ﬂ1

fACiHERS E}w@a PP%&ledff? g WF’F&HS‘&H&?PV ApiofHionHer P ggroblems

refAddd ©8Dp REAGESSetrid B@l H@Ysehno% Q{éeﬁlcﬁll}‘;lﬂﬁhbfé Bﬁfe'ﬁ%@t@'on CMP
nDIecuIe can be bUI? into such a formthat it is

cmpabiléy,oﬁechzmcaﬂmromnesr(aw@iulun gnd hardhesshmtacking tieskold and thermal

pl‘%‘%@lg%l Lsg(rggﬁf( %ﬁge 0 égtlgt?%%lbhe %%%ﬁaglllr%é r@}g\cﬁll 9 8{?50 paﬂlcularly

appAERH1O &t li @ 0P FadRioR (pief@ably $MDGAG €Mt 6f @@wrﬁgenham;kd curing,
cross-lin 1 Ng reactions. % present |nvent|on

opsionvllenried e sippkanepesky wah thfe%hﬁmud KEENQAPCOBry | ow
chem cal 25 adsorption behavior due to high
cross-linking bridging group density. If R2 group is a
qu‘d ﬁiw:l OiGags-Ouetisidlized w@lacukrah |be pafleing deh |a301rneﬂiak ttédcapable of
e,, typically 1.5 nmar ess. Howeve

fuﬁéﬁ%@?ﬂﬂ@dp Siecmatee T i AR f?rrﬁa@m@!q gt the Oag%c fifction of the
mgf%w@tchlphﬁde%(g &ogsr—ﬂﬂhhé,mlvmg or combination of both, i.e., subsequent cleaving

and cross-linking reactions.

The present invention provides 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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type porogens such as cycl odextrin, which can be used
to formmcro-porosity into the 30 polyner and thus
wo ewdaaesdvhe diel ectric constant of the pol ymerPCEAEP2007/055818
2007/ 144371 PCT/ EP2007/ 055818 7 Anot her i nportant
advantages is that the novel optical dielectric
materi al s have excellent properties of planarization
resulting in excellent |local and gl obal planarity on
ARG OGAn GBI TD 1y TB1 AL GETE QIR Fferal have excellnt
p&B&EE&@f* IEE?a‘fﬁét%rpﬁkulﬁhgﬁﬁ&cé@éﬂt @J&apéﬂdegloﬁﬂ %la%%{y' dn t@Bq
oxi de I|ner deposition. 5 Furthernore,” t he novel
semat@divatios sutatrate éxqreidpbnt whigh réduces preope fullyedimiBytes the need for

cHefigh PRy alr ane aft Cel e abd Pl Bt FaReiiey

functlonal groups the refractive index which is

al ready high conpared with 10 conventional sil oxane
Furtheampigl the napelunataridshevsrmraeléant eep &H py)petties. be even

i nproved and values in the range of up to 1.75 or

even hi gher can be attained which nakes the novel
Byraicerpoadtihganbpaititiad inyo ﬂilétrlﬁa’ﬂ@idls/@)rﬁlﬁmr@\mmmt@cture having

applications. In sunmmary present invention

oRsoawiY fctonal sfqueérhecrpféﬁféw rﬂild&wrhléwﬁérew Yigh compared with
cdi o(fﬁp%ﬁmﬁﬂém%@nm #éﬂoﬂ? 168 %[)n;?lcnle t@gg s5HE: \féﬁ |11111¥roved and
sta ex o ractio ense dielectric

veflidsHis theemh]gebmﬂuprtg 1m5ghmemhigmgcaiameasthmw whichwngas ¢he novel
and ore si.ze ive a

I
m\fﬂ%ﬁwﬁé’%ﬁﬂe %ﬁ&m&llv%fﬂﬂéﬁpgeca efarﬁ IF‘HIO xcel | ent | ocal

and gl obal planarization as well as gap fill after
subjected to thermal treatnment with having excellent '
Ingfuemtary cth¢ prenehtaptentan pvojsepn bpical digldcirionilvade palymef applicable

o B8RRGSR G3AL i s

exdith}if€ hiel-dr A KiRNRRLRGINS 186 forghslimeRan pbReaside. MBE pslyf@r will give a
tenperature. Al these properties, as they are

neugsBePB anghsdand dragd e witaexcsPentdegal elmcbglébﬂml@anzatwn as well as gap
il g*t%(r”%{)fébtea &+ &l%hﬂ%l C;cir;}:Iatntlé)nt g&yﬁlc}lag{@ C?(Xéﬁetn# 0A-RER nﬁ %?)tl(@asl properties.

rrmnce
Adpin raade @it of getnolvel p‘olbl'rﬁeﬂ reltne@rs atru@ﬁlraIISD rﬁedhlahicﬁlaj' and electrically
senm conduct or devi ce. Next, the invention w

be

uncharacA Rty ceregyen if 9&91%5 S tegPerwrer B}glhéwhﬁ@the final cure

te%&ﬁ'tdr dAll %@9% PEI‘U@Q a@@lg: Wil pucﬂeﬁtnesvee@ %S?Je‘ﬁl'g]lénzﬁ% &l dielectric
the Draw ngs

|ng exa rle ription o
polymers, are crucial to overcome existing problems as well as in order to improve device

performance in optical dielectric film integration to a optical semiconductor device.

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

description and with reference to a number of working examples.

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;
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30 Figure 1 shows a schematic cross-section of CMOS
i mge sensor device; Figure 2 shows the

wao b@rmograevi metri ¢ di agram of hi gh i ndex of rePCHEP100T055818

Pol ymer 3; WO 2007/ 144371 PCT/ EP2007/ 055818 8 Figure
3 shows a thernogravinetric diagram of high index of
refraction Polyner 4; and Fig?re 4 shows an FTIR
spectrogranme of refraction Polyner 5. Detailed
Description of the Invention 5 _The present_inventjon
Fighsii diog's b gpaseimes g1 of B@Fy A GHEISP ﬁ’@iygreer 4; and
Fi'gﬁl%sd sHONR an'PSI!IR'sﬁédn%%@anﬂHQ BNRYrabiid d Pc‘ﬂ‘yﬁn@r &t least one
organi c bridging group between silicoh atons. In
addition, one of the silicon atons al so contains one

organi ¢ cross- | | G HeIDRURp A hY nyeahiBAVI Ng T oup.
i ndex of refracti ; ocki ng

group, polarizability reducing organic group or a

conbi nation.of all previous such as.an al kyl.,. al kenyl,

TH RS MR ia P Va0t SR AL EC s QOpRYR PR iBE gt st one

mAFE NS EHeRLME REh St lchGVRe SFQAHR: bridden Odroh P BetHlebh §RBon atoms. In
atons conprises two hydrol ysabl e groups and t he ot her

additrame oy ofr the yidigbh etomgrabreponwapaink organid epsstlivgking group, reactive

continuous sil gxane backbone matr i e hydrol yzed . ...
cIEie SRl ARG R OO R G Bh Ll U R RR D il g
re@6dth @ ¥ aBic QRS oidoniBIsdtionlEhE pabliyuskacle i af 41R@, alkenyl, alkynyl,
met hoxi de or et hoxi de groups or any of their
argb RBIYAEAIAGH, POtR@Y cHe SETUR| or obgatf ePNfalng sHiEoh EWEAr sor
used for polynerization in the present invention is
the following: 121, R -Si--_ "Si R R3 RL RL 20
Owhef the Rilickh afomsaompiike ty@alyideo] gyableper&zpsi ahdale athgahiee hydrolysable
crosslinking group, reactive cleaving group,
298P B Of ?qrgmna« BERIEIHGU DY EAICLGRRATS TBI1E SRt ytplyred and

pc%rm@iliiedpgﬁ‘ﬁia@ U9 drog¥if; I'lllaﬁée, %ﬁ(OQ&' Ky Iacyloxy groups, but most preferably

chlorine, methoxide or ethoxide groups or any of their combination.

The general formula I of the precursor used for polymerization in the present invention is the

following:
T
Rl_Tl ~— /Sl_Rl
3
R, R,
wherein:

R; 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,
alkenyl, alkynyl, aryl, polycyclic group or organic containing silicon

group, and
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25 al kenyl, al kynyl, aryl, polycyclic group or organic

containing silicon group, and WO 2007/ 144371
weON/ERPBO07/ 055818 9 R3 is a bridging |inear BCT/EP2007/055818

branched bi val ent hydrocarbyl group. R is preferably

selected fromthe group of halides, al koxy groups,

acyl oxy groups and hydrogen, is preferably

sel ected fromal kyl groups, alkenyl groups, alkynyl

and aryl group pol ycycli ¢ 0
cont ai o o 21 LB BB e iR bRl Pyl eroup.

selected fromlinear and branched al kyl ene groups,
al kenyl ene groups and al kynyl ene groups, and bival ent
Raisipegfetably sgeoteddrap deyaryw) dfchagide ppxagcbups.\ealomy groups and

t ed inth
s B e p PR Ao s beisPy sl Ao aipaiypyt and aryl
21olp € PolseyRRSIrbiPs @BimE Bafailihg&HERAtdr@lp, Mnd R; is preferably selected
honopol yneri zi ng nononers of the above fornmula, with

fr@md@é@rwﬁtbrwhﬁ glkvbnggmues/,éﬂl@nmbge RiowRE piefl alkmé?neﬁgups and
blval(léﬁt ash% (ég?;g (ggl%?ycqs’l lrg‘ﬁ)%?ge 1VX1g§ qarmln?t?c gropps w which all are

orne

1nf:]uk1m in thé\ldkﬂiirﬁylb ofsbivsledt eliedarbyl Redupdes
strai ght - chai ned and branched alkenyl groups, such as
vinyl 15 and allyl groups. The term "al kynyl" as used

Tﬁkeéﬁé@cdrﬂlﬁdsﬂfi)%so&&ﬁ&f éss&ﬂﬁ l&iﬁgfnﬂﬁ Hﬁeﬁ%@ %no‘fﬂe!?%@he above

gr oups, I tably acetyl ene. mBans a-nno-
foomulapwéh cyledeqeend caingy toachiead h@syhhkmg,g:lomm,ses a cross-linked

subst.i tuted, or non- s stituted; es_of aryl are .
Orﬁ%%sr}}annﬁé)BH‘anFﬁi Le.gpy ?%8?1‘%05#1”&?6‘%;@%\”6 ?ﬂ”&‘ﬁ@ F‘?{O a thin film.

"Pol ycyclic" group used herein includes for exanple

adamantyl, di nmethyl adamantyl propyl, norbornyl or
“Abeid’ newed hitereingydes ftraggitiohained endabiaypd¢hedalkesplygroaps, such as vinyl

@%@L%ﬁ% TGRS T o phet PR Chodss e ERRHRA S branched

W igfdtipardultatly aE @y lerel “Ar%lo rdedns & &idaen bat emoreldiRlic aromatic
Kyl is preferably branched at the alpha or beta

C%M?hl%gfoﬂpat g Huted 9y nomr@mtétltlmdeﬁéma]blpwﬁ k! argiphenyl.@gphthyl, or
|§¥1 preferr g

pe% or%ﬁlglﬁlﬁ%gopgrz L) g%p(l:ﬁ,c group ?seg prel %@%{&95 ﬁ)g ’exérﬁple adamantyl,
dlnethyﬂ hdmdndgtpecpyd) ﬂ()yborn?ﬂ df&i@yﬁor@éneamyﬁWecgfc@EﬁShe gene alkenyl or

exanpl es are non- quorlnated partially fluorinated
albyy! g -beilipsas oidraghed-propyl , t-butyl, but-2- ylI,

2-nmet hyl but-2-yl, and 1, 2- dlnethylbut-Z-yI. In

particular, the aIkyI group is a | ower alkyl
Aﬂ@ht@itﬂihmgreileraldy 8 tc ElBhnnreqireﬁﬂfEa,blw\h tocht apl paotialldly frefersd 1 to 12
car gn atomg Sétalllgyl'f ?s%r%fe?&l? granc ed at r‘;ﬂe alpha or beta position with one and
more, preferably two, C; to Ce alkyl groups, especially preferred halogenated, in particular
partially or fully fluorinated or per-fluorinated alkyl, alkenyl or alkynyl groups. Some
examples are non-fluorinated, partially fluorinated and per-fluorinated i-propyl, 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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nmet hyl and hal ogen. Methyl, ethyl, n-propyl, i-propyl,

n-butyl, i-butyl and t-butyl are 30 particularly
wee@fesased. WO 2007/ 144371 PCT/ EP2007/ 055818 ROI/EP2007/055818

Al kenyl contains preferably 2 to 18, nore preferably 2

to 14 and particularly preferred 2 to 12 carbon

atons. The ethylenic, i.e. t ar bon at ons bonded

wi th doubl e bond, group is preferably |ocated at the

osition el ated to the or Matomi
ARRRVIoh Betireereragfian ikl ek BHrFraply %P Jhand BRieBlaEy pffdgred 2 to 12
cdiborl 6mBI R&E QR R, RASESD I at¥ink BoRda ﬁ@dé@ﬂ@borﬁl group is
preferably two, CI to C6 al kyl, alkenyl or al kynyl

prgfewqbﬁ Jocpd i &lalpaslltlyn proehexher delhted m fheati edMbatom in the molecule.

BRI h R atsis i an st e ahagh B3 Fas B E i qpe gng more.

preferdidy anél as U qudya ralRenpr &f ity i§ ¥ edup pARice R Phefdfr@dHuorinated or
The et hy I'i ni c ﬁ@ i.e. two carbon atons bonded wth

qrrﬂ@ll‘léatbéﬁﬂwl gHsupl dralkyngl piogper ably | ocated at the
position 2 or higher, related to the Si or Matomin
the nol ecule. Branched al kynyl is preferably branched

ARyn{h@naliphgeferabdes & pRyshdre prefavably 3016 4aind pﬁﬂfcalarly preferred 3 to
greferabl two, Cl to C6 al kyl, alkenyl or alkyn

BRI O, r?hecqﬁlpﬁmwgrﬁpgflér F%C%B?n #tpls rbpﬁ%ﬁde\ulﬂﬁlm bond, group is
p@%elfﬁﬁy oclfed @l ﬁ%g%gltlgﬁ ? agih%f_’ ﬁgigt%d bd ¥lse it l\/f‘l,lt'oﬁy ﬁltlllecmolecule

groups may l'ycyclic atic groups I ncluding
Braeslnazﬂuaéky@é fsi prefﬂrabty laemchied gt ﬁlbraﬂ{ﬂiawr éstana@vutmg whbthtame 2@d more,

h b b
prg%geﬁagn o %(U’Za gnzgﬁqyﬁ g Orgai!&eﬂr}]fgg@ggétpgﬁggpgl&pr&n rred per-fluorinated

Mgwwgmgﬂﬂogﬁmbﬁwgggﬂﬁ|5|ng 1to 6 rings, preferably 1
6, and in"particular 1 to 5, fused rings, such as

phenylene naphthylene and anthracenyl. 20 The aryl

u f er abl tional l. ars 1 .
TRl BB O SaPl R Moo kD AR g Ui festues derived
fréhkBRYstruefirdshavink Fdto 20fcafdRhitdhyd, sudMdsGldriRhdrRNAbIbYmenyl) and
bear 1 to 11 substituents sel ect ed from hal ogen al k Y

adgmagfyk é%ﬁiylmaawlqnﬁb “Arvlgnaststands ferebivalend aglpeemprifamg & to 6 rings,

£l te
PR, S8 LR ELAPE O SIS U e iy ene an
mﬁmhMﬁMtllc group is for exanple adamant yl , di net hyl

adamantyl propyl, norbornyl or
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, norbornyl or
norbornene, which optionally bear 1-8 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

Ci.10 alkoxy, such as methoxy, ethoxy, propoxy, or butoxy), acyloxy, hydrogen or any other
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nor bor nene, which optionally bear 1-8 substituents or

can be also optionally "spaced” fromthe silicon atom
whyooalikalry al kenyl , al kynyl or aryl groups conPEi/RP20g7/055818

1- 12 carbons. 30 "Hydrol ysabl e group” stands for

hal ogen (chlorine, fluorine, bromne), alkoxy (in

particular Cl-10 al koxy, suchHas nmet hoxy, et hoxy,

propoxy, or butoxy), acyloxy, hydrogen or any other WO
grégg Z}{a}%g%)ggaé gg%é]gfé%?oﬁ %25%%183}% ulglgﬁ? p(ﬁéjrtngggatl%%ne g. condensation

pd@h¥iBkigation, e.g. condensation polynerization. The

al koxy groups stand generally for a group having the

formul a R40-, wherein R4 stands for 5 an al kyl as

def ned abo

THECHBE wPRe oo AN X! S Bl iy OrRue B dy Rl R sands fo

arfAIRUNS d@ﬁﬁecpacvaspé IRt ré@d‘i@rof@ﬁé<ﬂKUXﬂg@uﬁE%ah%%llﬂlgarlor branched.
to 6 carbon atons, such as nethoxy, ethoxy and

Typigalkyoshg a@mmggoupmée mw@ 05}0&@@9114@&30 arqupe hgjangd 4 6 carbon
¢ mul r.ei for an al kyl as
mé@?fﬁgﬁmﬁ%g§mﬁ%ﬂp§ ﬁﬁgar %%ﬁmsthe al kyl residue of
t he acyl oxy group can have the same neanlngs as the

correspondln residue in the al koxy grou t he
géqauﬁsﬁwéqu the gepagl ormpla Pépga ﬁ\fh@reg]p gﬁl I§,‘cands for an alkyl as defined

[
abl%gp ‘;[El %fe{{r‘?:ggalr I}ﬁ%\:gﬁﬁpr Xeegﬁtélr@ gF 1)9’%1' roﬁ&cg{l~I h%voe tg% gz{Hléaﬂlgamngs as the
ahnmpnnmngaamﬂuanﬂhaambmggnn@lor|ne 15 bron1ne or

iodine atom In the nononmer of forrmula I, the silicon

atons are linked to each other via a |inker group.

InHPL&GREAf tHe\Bsdlbstlkethe GRMRId S68p éubtsetuaﬁk haR§gRh %@meya F,Cl, Brorl

about 1 to 10, carbon atons.” Exanples of suitab
atbinrpiadnis glefml@hsly R3r |Gic<l3mtealbd keyinehaloged’ lherpyh mensamﬂuonne chlorine,
Ihyqﬁjene g{oups "Al kyl ene” 20 groups generally have
)r in which r is an integer 1 to 10.
One or both of the hydrogens of at |east one unit
-CH2- can be substituted by any of the substituents
Inrfbﬁ moppagr ofifermawla Lthe stligpi émsmhn@ddg pachcheradpe Haker group.

1yé}hb eIr ceo ;ﬁﬁgiy dpr A d%@%&%ﬂ@ ginteo ?grbﬁﬂgtoms Examples of

SLﬁt@Ule rlmkeldgrub;bseRpmaldae alkhRyie ailleenpleat and@blkynyony grgapse dAlkylene
"Al kynyl ene" groups, by contrast, contain at | east

grplapspgeéle@&ﬁ daynthedermys i o dnrBish Thudkiges: | to 10. One or both of the
hyf?d %§Bf’9tq 9ohPurtiP&ordl- k¥ é‘ brﬁt%'tegi pen ol G tioned
ﬁﬂ { res%%ug c%ﬁ'be ‘unsu s?ffut qgﬁﬂgubstlfhtég > mehtione
ber)w ”Ehﬁbéaﬂkdngaleedt sroapecqurespardablajkylene 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, C;.j¢-alkyl, C;.jo-alkenyl, Ce 13-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 1 to 4

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



10

15

20

25

selected fromthe group of fluoro, bronmo, Cl1_10-al kyl,

Cl _10-al kenyl, C6_18-aryl, acryl, epoxy, carboxyl and
W@ a00p0#sl1 gr oups. A particularly interesting PCI/EP2007/055818

alternative is conprised of nethylene 30 groups

substituted with at |east one al kyl group, preferably

a lower alkyl group or 1 to 4 arbon atons. As a

result of the substitution, a branched linker chain is

obt ai ne he 144371 PCT/ EP2007/ 055818 _ 12
brgpcligd ﬁl@gen ‘iLﬁ’fE‘eF gchfg% Hy-gan cepigmg)fotabagmanyntaghqq tpms as the
chfEtsl%ndﬁ?g l'ﬁﬁ'aﬁ/ e@zgglgc% 0@6@% bR of %Jam%&hg]gre located in the side
i near, even if sone of the carbon

chaimps slmvel H)ed@\amdonnncmdrewsh the W@hmgrcxamgleshﬁbwh npadE@iles can be
n..connectiaon,wth the workin
B SemelR b BeGober st St RaREon o, 't he
pur pose of the present invention. 5 As exanples of a
particularly preferred conpounds according to fornula
As examples ofj acparigeudariy preferzd camphyidgiacedrdingde fgrmulat hane

1—@glgh%g;sqeﬁ{h¥ %&ét@yﬁd@hgissﬂ&g)e{}gang talél(!i ¢ Bhl%{hy?dlél}ﬂn)o]mﬁg a([}?chlorosilyl)

ove
ethdrepradbe kvatioRdédrod according to the present invention
a nDnoner I's produced having the formula: 12 I, R
Si- ~Si R3 RL Rl wherein: 15 R is a hydrol ysable

E%Hﬂ%ne?%gb\?‘e I'1]1)/ 9 rﬁ?% %%I'p o‘?lﬂ% né?’thg(? gcgcgp({lq,ﬂ ?JSHH%BHS&?[%VC%' on,a

ranc I'val ent ocarb noner an
msnmn@asp&ﬂh&nﬂnﬁ&gﬁﬂeﬂnﬁ&ﬂaaIs can be produced by
hydrosilylation, which is 20 carried out in the
presence of cobalt octacarbonyl as a catalyst. In
particul ar, the novel hydrasilylation reaction
catal yzed in the p{®sence df! cobalt octacarbonyl or,
generally, any simlar tranpition netal octate

catal yst, is ]Elﬁ-i—ﬁgSiha.LoRSMes—Ials
3

R, R,

wherein:
R, is a hydrolysable group
R, is hydrogen, and
R3 is a bridging linear or branched bivalent hydrocarbyl group.

This monomer and similar silane-based materials can be produced by hydrosilylation, which is

carried out in the presence of cobalt octacarbonyl as a catalyst.

In particular, the novel hydrosilylation reaction catalyzed in the presence of cobalt
octacarbonyl or, generally, any similar transition metal octate catalyst, is using halosilanes 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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reactants. Thus, in order to produce, at high yield, a
conpound of the fornula above, in which 25 R2 stands
wo eno7hygdrogen, a first trihal ogenated sil ane cpopBPR2Ud7/055818
can be reacted with a second dihal ogenated sil ane
conmpound in the present of cobalt octacarbonyl. The
trihal osil ane used WO 2007/144@;1 PCT/ EP2007/ 055818
13 typically has a reactive organic group conprising
an unsaturated bond for facilitating the L
tyag?aﬁxsﬁ?% YICAETGTPTEHHC EOYR COPRISNE anutsaaed bppd (Refeifiating the
hyREOQWdtidn FxRABLe 1, wherein vinyltrichlorosilane is
reacted wwth 5 dichlorosilane to form
1,1,1,4, 4-pentachl oro-1, 4-di sil abutane. Surprisingly,

by the netho i scl ose th esjred conpound . . )
T et RO U By A BACE OMCRarp Hang geacted wit
diefilofRBaEXBIOBY 1 2SI, B4 PeRGURISAY 1 fafisilabgah@! | owi ng st eps

of the preparation of siloxane materials by

i ncorporation of desired substitutents at the R2
.t Lon e, praesent .i.nvent, [ OV] . I .

SOBTHLLE "y ot e APSTL OGR! AP BLEY 5580y i puri.
whieh ilegs fdrhes vel df Yheamonsraatid nipeedulryor $érahé eollofiighstepudexhe

of refraction, optically transparent, high _cracking o
PrEpRradMLPicpiloguisgBatgis PywrcpEosating of fesisads upditateats agthe R, position.

dielectric film The polyner results in water and

silanol free filmw th excellent |ocal and gl oba
Tid pasmt revention @evided dn aqtichbdiglaptricisilbxaktpetynsartapplidadtt for forming

to ermal treatpent with havin xcel lent electrical _.
ths%%&%ﬂ@%@ﬂnw S RO o ety SRl GanyHent high

crh@TRE h9esBbIUGEHLE @hd Yow ﬁ&%%ﬁinﬂ@dﬂ%o@@gz@ﬂi%%fr%cgﬂh{ Yhe polymer

unchanged after final cure even if subjected
repdtspe matarraed stiingh éce filanwithexcélianaloceland glohplnartization as well as
Al l these properties,. as they.are superi.or. gver. . .
e A OB R S R BTGy B RN D fice paoperties. A fitm
mEdeIGiit f tHeAn PURECHITRMEXilefifai 3G trREQRHIG MEhetHinic@Wy and electrically
dielectric constant film20 integration to a

ungamgedrdactionl cueavee if sphiscisd|ty rstiesatuied highgithpr Sedinabcure

n I | S. | . . ;
T O R T -
cadfant polymeils, pBaaridto bvertimiedstiedirobiems ielow dielectric constant film

_tenperature is in the range of about 20 to 200 C
infegiitioR| P ¢ seBisandustondsvieg0 C, in particul ar 25 about 80
to 150 C. Cenerally polynerization is carried out at
anbi ent pressure and the nmaxinumtenperature is set
Tlxypdlin@etinition ngnthedinis basedamyhysiodlyenandisedensation chemistry synthesis
Pol [ i.on n
techoni urg? E’Iolzy?r}elri%atiocnacan%% carried out in melt phase or in liquid medium. The
temperature is in the range of about 20 to 200 °C, typically about 25 to 160 °C, in particular
about 80 to 150 °C. Generally polymerization is carried out at ambient pressure and the
maximum temperature is set by the boiling point of any solvent used. Polymerization can be
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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carried out at refluxing conditions. It is possible to

pol yneri ze the instant nononers w thout catalysts or
whooad#43gl al kal i ne or, in particular, acidic CBCHEPRDH055818

30 The present organosiloxane materials have a (wei ght

average) nol ecul ar weight of from500 to 100, 000

g/ mol . The nol ecul ar wei ght cqg_be in the | ower end of

this range (e.g., from 500 WO 2007/ 144371

o TR0, cEpr ol 0 4 Rk O b afsae gy apramateral can
hdVRL&hb1atuSAReightaN EheBugPRl &fidiahis Ve Ogg%udhfhstffb%l [Uls T toeﬂfé) 000 g/mol

of this range (such as from 10,000 to 100, 000 g/ nol
orgnonegrefepbbf feorad5y00P to A),060 g@moli dt 1BAy b@desgdahblt9> mik @ polymer

may he desi rab t.o m x a pol r .o osi | oxan :
ORISR P2 e ROk a  GET RE fip g oxane material
hﬁm@@ﬁ@@h&Qﬁ@@@ﬂﬁa&aghﬁ| 5 having a hlgher nol ecul ar

wei ght. W& have found that a suitable polyner

conposi tion can be obtained by honopolyner|2|ng a
Wé%gggﬁ(él&ﬁlfdll%%g n}tlilb&}e hol%%é\%r@%&%ioﬂ éalﬂg) o% alrllelgieoarh %Eﬂp%lymerlzmg a

mbRorpEfifokemda € Odjl’ﬁpﬁsmg eithelr h&tﬁlezitrSor@biraidhe(ﬂ hblyer group. However, it is
copol ner|2|ng first nononers 10 having fornula I
alghpesaidle RPrAYIEHY§OMPPsiton ﬁhﬁ@apbﬁwé|bér?ppﬁlya\eaélag fsijpt monomers

R e

moeshdudaving fienmibd Brwhesdin 83 etanddfer ﬁ brzslthemmgniemtshyﬁmc'afb@d residue,

second nononers is 95:5 to 5: 95, artlc %36 %g
the giofgy- 180 © WS#’&%%‘W“W toghe gpeapd g’@n @ﬁ’istlﬁ P 8:95¢ Wparticular
IGTPRRITRY: 50, PherbABIHER D t10CRBR Eufth&fhord thdAbYERENL B Ebruld can be also
any knom;hydrolysable si | oxane or organo metallic

cq- polgmetlzetda\mtlm anylBnoat kypkplyeable silemaneion @righmy-ingt]lic (e.g. titanium

ot AR R rine B ST b R i e il acoice

taddalith BB} &) laQinhid @mRutoxRt orl alluithin@h dhforidResie hot ITRIRIM®Ithese)
in any ratio. According to one preferred enbodi nent,

mpperaerde any $tivedi fy the properties, the siloxane 20
mat eri al deposited on a substrate of a sem conductor
device is heated to cause further cross- |inking,

AvhwediaRyo and prefaried eﬁﬂbbaini&fhd, in bader Rgmadishthepkagetial thersiloxane
heating of |ess than 10 % . preferably less than 5 %

mRriglfeppEifdon 4 wbyratp gha %womt% deries frebeatet Anrae §urther cross-
Iﬂ{]e 't | mADI%/ga tgnklsg%&?{ ', Hig’l]!:l a Qhrﬂﬁ(.ra%é Gl Bea QAL B 10 %,

ter Spl coating at a t erature
pi2terdbdy toas thlao Gt% 20 @artanthr idye rhaar @dadsla e pod srability oftMore 425 °C.
radi ation sinultaneously with a thernma
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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treatnment at a tenperature below 450 C for 0.1 to 20

m nutes. The curing is carried out for a sufficient
w@eorot3of tinme for reacting the organi c substPCT/EPL00H055818

position R2 of the unit derived from a nononer having

the formula | above. 30 The pol ynmer of the present

invention is capable of form |l ow dielectric filns

having a dielectric constant of 4.0 or less, in

particul ar ex of refraction

r n 1,58 or
P%w%ar o0 W?Wﬁiﬁg@mwaﬂe%@rhze@%e @a r&%du‘:'us of 5.0 GPa or more,

AoLibeH 24, 011‘ 18Q 288 c%kﬁ&%ﬁre@ﬁﬁd SNMuMEHSh&Rfbr sru@]bg%d té1 thermal
oung s nodul us of a Oor nore, a p0r05|ty of

tr@’cmbmsélsarthie ohatdcimed ftdlmt é@h@ﬂ}dnmfusmgwrm@msmmmpbmnt remains
%ﬂ jected.to, thernal bﬁp filmfornmed
stg BHPPHEHIEBPQ%‘?I Su%‘FtHée %{ tﬁ‘ﬂP‘?rF%‘Fan‘(‘ﬂ?éoél GREMOF-emai ns

stabl e on a sem conductor structure at tenperatures up
to 400 C or nore. 5 The siloxane matri x can further be
Thodiok prdmadrixiran dmdpabe irrtﬂdé;fierdlopitm ganO]ihleisE drgirgpdheseglaggparticles

inp i e e P TG g TG 11 ORATG rEgeT Ealy dope
siMixhie MaRREAHIth ‘ﬁhﬁﬁ)aftfble%rlﬂ BFdel & InfRHRAVE Pan&NAREEne polymers’
si | oxane polyners' properties such as optical,

Prép@élﬁfr jushlas gpicateedesaiad and peepaicrl popemian @iﬁalppzirtiplés can be modified
%e su IJO'USF]F%'&C%H?HJ g?oug)g r"fl%%@ clpe\{m&%%% f)]tu%pé:rgg ﬁ argltyplcally so

ese i Ng groups are

ca$1@d sﬂﬁielcﬁdpﬁﬂlg giapcoupld Mg Lgiieds thudt. Silae B@liplinlgfﬂdnﬁlts are for
to those. Silane coupling elenents are for. exanp

e@mnlf‘oarpm@mpstl Himehrelang. afr?éha%é%al&rpwldme&%w Jane o glysidoxy
pl{)ﬁ%l Eﬁ él aﬁ Gn@behg! Mﬁﬁlgloé)éu% e I% Edan@‘?éslﬁkg}é%% \Ak}?ﬁecoupled to

ar gr oups ane res
funstic@ml Qﬂoepls tGrne ddumata geosfalsingrooupléng t@we(h[mnapﬁragbs ofthat it enhances

usi ng. coupl ing treated nanoparti cl s |s t
the RAT @ééolf%ﬂlttw %@Feﬁedmé@cg%%am afsg epgblg ed%@aﬁlfée covalent bonding

torfﬁé §ildx8Re RAFiIxC e AhSBe 231201 1ﬂgh§erﬁ§1{t§ b4 zﬁs&@é{r?la?@l% surface of the
bonding to the siloxane matrix. The nunber o

nanogptlphgThzd Ethaém: smpant (ﬁ]tlseohlwlaqrg/caantbet lh@r lsglnefraoé txpicaﬂllwét is preferable

rel at i nkers
Fe a‘é RE‘F hglﬁe& RRITRY ‘i‘“ f"i’palcg “b?réi’F ‘Pa?B?‘&e S?félc}?ﬁ%'%ondmg o
thmp{)@rﬁelamt@ﬁe i nker nol ecule at the surface in order
to secure sufficient bonding to the polyner matrix.
20 Typically, the polynmer or copolynmer is conbined

T%iéﬁly}thte%o?ﬁger%?%Bﬁoly%ely\ﬁ icgmaineﬁ rv&?lihelr %béd() 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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about 5 to 100 parts by weight, in particular about 10

to 50 parts by weight of nanoparticles wth 100 parts
whooresght of the polymer or copol yner to fornP@EI/EP2007/055818

nanoparticle containing conposition. 25 The pol yner

or copolyner can be conbined wth the nanoparticles by

bl endi ng, in particular conveq}ional nmechani ca

blending. It is also possible %o conmbi ne the pol yner

or. copol yner w th nanoparti cl in such a way that 30
Qg OETIHANE BHBF S HBPTAEHERIRLIO! bong hetiydsifagpolyier or
cdBiyiReAnk iR RALYIFBESs. O is QRBYYIRE $o BRhanbPfticles having silane coupling
nanoparticles. Thus, it is possible to use polynmers or
clempuh pneosphay dngussedatidve ePlgrsmahlgondd AW ¢cpahd gdmponents will also
PCT/ EP2007/,055818 .16 C ble of reacti with the
e 4G P BB APHGH G AT B RO et R e
or copolyner and the nanoparticles. It is also

possi bl e to use nanoparticles having silane couplin o
On¢ empediment cogriuisps using clitinyealyshandedboynwpapisipsjagd p blend of distinct

ondi n e n i1l .als he
PO ST SRRORID S ooy SLog, o OSRESRyH0 1

nabepR€sict hRrbonBedIvert BbThHe PRI ME @IRIPbAER o Heltdend.
chem cal |l y bonded nanoparticles and a bl end of
di stinct polyners wherein the blend of distinct

N%%ﬁﬁﬁﬁ:ﬁe%_sﬁﬁﬁmé fo?%%% g‘ﬂ%’g E%Eﬁqn&ﬁﬁgh ¥APbe mZHtﬁ‘actured, for example, by a

anoparticles are to at east one pol ymer
methof oelected frbmt the givlugrod baskrNatioparntionchemicalintébile flaore hydrolysis,

use in.the present.invention can be nuf actured, for .
lagsst Srpiricatioy 23 ComPBECEA WP 8 AR B B0 %ﬁlsﬁﬁé’é’ however, in
nPva R fhkifodtiht Qo e MLtk sl [ ektFon. AN MR hyPha! Wil Weld particles

| aser densification and conbi nations of two or nore of

havimestbe detited particTdsisszeb @t be wsed hbliwepeetigle syze (averagayarticle size) can be

limting on the scope of the esent. inventijon, D
i PRSP 1S a1 BT o b DALY T AL B IhBfcatons i
prRRAbl €t vE a HARIEANzDE 20581 or TRE iR BhrticElaLatiiuZ 8.5 to 18 nm. Also

(average particle size) can be 15 from1 nmrange up

narepve payelg [sizgidestighrstoars prefestedibpp petargyirddn opti cal and
I C applications it is preferable to have a particle
size of 20 nmor less, in particular about 0.5 to 18
Typital Ag@ialnel thonappaitictdseo bt depedi t6 titid drghn®dsildxane matrix include, but is
preferred but not required. Typical materials of the
no{ ARy serteq the Edlopdng aroyBied to t he or gano-si | oxane
matri x include, but is

Metals: Fe, Ag, Ni, Co, Cu, Pt, Bi, Si and metal alloys.

Metal oxides: TiO;, ZnO, Ta,0s, Nb,Os, SnO,, ZrO,, MgO;, Er;Os and SiOs,.
Carbides: SiC.

Nitrides: Si3N4, AIN and TiN.

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 used in the form of dispersions (“dispersion solutions”). Suitable

dispersants include, for example, water, organic solvents, such as alcohols and hydrocarbons,
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20 not limted to, the follow ng groups: Metals: Fe,

Ag, Ni, Co, Cu, Pt, Bi, Si and netal alloys. Metal
w@00das$t371Ti O2, ZnO, Ta205, Nb205, SnQ2, Zr (2, RMJORP2007/055818

Er203 and Si2. Carbides: SiC. 25 Nitrides: Si3M,

ALN and Ti N. Suitable nanoparticle materials are

di scussed in US Published Patept Application No.

2005/ 0170192, the content of ichis heremﬁth

|ncorporated ref erenc a t| es re
MCAptpn %@B%murpﬁ@ef hfrseﬁgﬁfg SRVERE RERGH Iy depends

or?@ils lﬁréﬁ%ﬁ‘fes)of 8P rBcle RS BB Sers 1 Iah’(gﬁre afRbparticles should be
exanpl'e, water, organic sol vents, such as al cohols and

sefppthdooans hobs g:omp}it@@iowﬂl M&EQM&@T@E&#@@ Or/fos881® of Wellahsbersed

conbi nations .and m xtures thereof. The
e elPe FPEbORENE R G ATy Y AL Bk at i
vAQRERbHES Of, g ;ﬁamag"ehe@h%are r&hdiB; d1§ﬂ'é€sed|ai5@z%ﬁc§1§{9tvalues from 9
and t he nanopartlcles shoul d sel ected so as to be
— ¢ brapdttitaiiemixids ptaﬁéthsagamléwéﬁp@m vellahe pHaeant iathoegh the
P8 SHERSLRE p BRI S P BTG TR TR

n&h@bMﬁSle@ﬁVu&ibﬂﬂé sudface éhargd: tdrClee gigpelrded! Iﬁéfe@ﬁﬂﬁl}aid lyssiyoﬁlr solvents.
readi |y di spersed at basic pH values from9 - and

Thysg layﬂral?h% RA&tigay %qnd?eégwéﬁeé IRNPRAGHF QS SVAETHiSE) S%Yenas or aqueous
sohtidaE Wlthaess?oﬁzl?%g%v an@ﬁﬁ&r‘?gﬁlﬁg pilcfergngs dlgﬂerg&lem aqueous

crystal structure and the s Btvicture.

soGemer al | y, nanopartlcles with little surface charge
can be dispersed preferentially in | ess polar
solvents. Thus, hydrophobic particles can be

Indh&ReaREhrtidle E‘&N@lﬁ ld?s‘ﬁ@l%l&l‘é\@{eeﬂartflcrlg SUrfRe4 ¥ANMIS B treated with silane
aqueous 10 solutions with | ess polar cosolvents, and

Cd“‘ﬂ?’un@%ﬂm dhpaydiobisatge pain OfJSJCd:ilcgpyn@egroups I’a@m@mtaneously with the
t | t
suB et FEs nbtha R I BRRRT s o P E g crvg g ki on enftyst

coupling agents. The hydrol ysable part of such
couplln d)%roups reacts spontaneously with the 15
Asmengetedaboyh éhapinepaiveeion dsprrevidrs ipetheds pepipfedenigegrated

m@gtedrew%& %u@l?{ %1\/ u r(l)t\élg gﬁnc%p %8%11 Mes %1 éﬁ%?ﬁ ntioned above,

esent ods of

-p m@ug % APLirflit@ OF ahedstos loﬁqcatbehuaﬁuuaslsSllbawﬁB met hods
typically conprise the steps of: - formng a plurality

— offornyipg givdtilayes igrarcanessis onduct or substrat e:

o depositing a layer of metal;

o patterning 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-0O-M-O- backbone having a first organic
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20 - formng nultilayer interconnects by: o depositing

a layer of netal; o patterning the netal |ayer; o
waeleosi4rng a first dielectric material havi ngp@I/EP2081/055818

nodul us and a first k value; o depositing a second

dielectric material having a second nodul us hi gher

than the 25 first nodul us of gpe first material and

with a k value |ower than the %lrst k value of the

first terial; and o patterning the first and second
SugpERoPRd foeibi Pﬁ%%gn%ﬁ%e @é&?&ﬂﬁVH@ wmplegulpy prie bofo from 500 to

10@(2(%)' g/m@ﬁt\ﬁ{elrealk/l is Rfifeoh BEd AL B%%éﬁdTﬁé ﬁ@fécuﬁpwy%ﬁt ifs,frontl 1500 to

mat erial according to the invention used for the firs

3H0@] gotoliandlitgyreferdbdy grhebiesr aigloy seneral@f ¢feerfol o Wwingameperties:
material, which has a repeating -M O M O backbone
having a first organic WO 2007/ 144371

PCT/ EP2007k Q808 b84.015% 1&4 s tVdnuasile prerendlyt R5 bhRess,
backbone, the material having a nol ecul ar wei ght of

from 500 aoindeoef mbectpnms]l.Spranere or pxensinpiequefeeably D6 or more

IS oxygen I |.ar ight is from1500 to
30, 000 g/%gﬁgggﬁ%nfﬁﬁﬁgéﬁéfably exhi bits one or

several oYoiidpes iobhlowi EPapsrapaet i es: 5 a k val ue of
4.0 or less or even nore preferably 3.5 or |less, an
i ndex of refraction of 1.58 or nore or even nore

D% &f fRE @9(!&'18%1' pﬁgﬁéﬁﬁ%‘%&%larﬁri%l%n?’%ge%géﬁ{ngl s?(ﬁjzcan%%laried out without

ung s no a or nore. et excell ent
a preoqaing sters obéheplicad ardchaticad planbtizatipat tAdtemangelyt €p%cariess of the total

be carried out. without a.preceding step of chem.cal )
thPFgEﬁ%ih’lf &9 Seﬁ‘?%ﬁ festsic inbaﬁ‘?“aillst @FWX?‘?%P ) OTHYNg/E ( IF%%eChamcal
pl@fariABort O Be sedddckaessc flad A€ second diel ectric

material is renoved by perform ng chem cal mechanica
pl anari zation on the second dielectric material. 15

T RARR R B e B ue i 85 FERRRL Py of formuta i
lidedl ié@un®foreed BY adirbd soblens©l f¥@Ah hy@rof yedpeo ¥ MY &R a siloxane

product cpnpri3|qg a siloxane material; depositing ' '
matgaaly gepasitinzdbe hydalyeed piedediondimbstbstate aga thin {4yer; and curing the thin

o PR BR bl LG o e T

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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20 Alternatively, the organosil oxane material can be
deposited by polynerizing a nononer of fornmula | with

w@eon7Has™ hydr ol ysabl e si |l oxane or or gano- net aPCT/EP2007/055818

(e.g. titanium al koxide, titaniumchloride, zirconium

al koxi de, zirconium chloride, tantalum al koxi de,

tantal um chloride, al um num alldmxi de or al um num

chloride but not limted to these) nmononmer in a

liquid mediumformed by a first solvent to forma
Gﬁlgﬁgﬁﬂw’ yreteIosterane éf&ﬂﬁ%lﬂ? HhPuesbRakEabs mteri al

or hybrid sil oxane-organo-netallic material;

depositing the hydrolyzed product on the substrate as
The origamosilayae maerthl cuan erganibenarpame hiad/kas a aeffonent af theimal

filmhayj thickness of .0.01.to 10 u ereas one
exspn e ol SReiints Shabama e indsns it ot ARt BT Ies &

accordance with the present 30 invention, the other

material can be a known, organic, inorganic, or ' '
Fythgadeteils efothg dmieatiomytlbbe dipcusgedgn coinachen wiithdhe following working
m%hgﬁ%ssed above in the introductory portion of the

escription. WD 2007/144371 PCT/ EP2007/ 055818 19

General ly, the organosiloxane material is a spin

coated material. The organosil oxane material is an
E¥AYARLESi norgani c and has a coefficient of thernal

expansion of 12 to 30 ppm It can have an index of

refraction of 1.6 or less. 5 Further details of the
Exanapletli on wi Il be di scussed in connection with the

f al i N rking . exanpl es; VPLE 0 Exanple 1
1aia,l%‘i—%ﬁpﬁ@ﬁ?&éﬁ-ﬂﬁﬁ%@%%@ gT]%?Ef(IQW%ﬂ?%te%The

Internediate) ' \SICKg + H2SICl2 C02(CO g_

C13SI"-~SIHC12 OC...rt/ 15h 15 Vinyltrichlorosil ane

8.8 g, 426 molOP&"M cobpakit. oct acar bonyl (700 nm)
}v\grsg'epl“acé'as'ph ac 1LAD AL rgélfkfg‘s:\ksﬁﬁb cooled in an ice

bath to 0 C. Dichlorosilane (bp. 8 C, 44.3 g, 439
nmol )

Vinyltrichlorosilane (68.8 g, 426 mmol) and cobalt octacarbonyl (700 mg) were placed in a
100 mL rb flask and cooled in an ice bath to 0 °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.



10

15

20

was then condensed into the flask, The system was
allowed to warmup to roomtenperature during night.

wor@vik4sati on at 60...62 C/ 8 nbar gave PCT/EP2007/055818

1,1,1,4,4-Pentachl oro-1, 4-di sil abutane 20 (120.8 g,
460 mMmol ) in 93%vyield. W 2007/144371

PCT/ EP2007/ 055818 20 Exanpl &,

Tris(3,3,6,6, 6-pentachl oro

- 3, 6- d2 si l ahexyl)chlorosilane Si C13 Cl12SI Ci12 3
Examgle » spo 2” + O Si )3 2Pt Cl6 / I PA C13Si--_~Si Si ~Cl
TG, £6.6 6%t£bh§5r%1% 6- &lr”rﬁilex§1)éﬂiop&119né 0.076 mol)
trivinylchlorosilane was added to a 100 m vessel
followed by 2 m

1,1,1, 4, 4-pentachl oro-1, 4-di si | abut ane. The sol uti ong,
was heated to 80 Cand 15 L of a 10 % H2PtCl6 / IP 8
-sol ution was added. Strong exotherm c reaction was
observed and heat was sw tched off. Rest of CLSi

1,1,1,4, 4-pentachl oro-1, 4-di si |l abut ane was added

sl OV\Ay during 30 mn 10 keepi ng the tenperat ur eClpf Qhe
350 gﬂ\l}ﬂ\ bel ow 130 G, ﬁe t dLRICatBNt  of gk %, 4514, -Cl

pent achl o1kClL, 4- dPSIY abutane (yas k50 g (0. 234 nol

2.6 %excess). After addition heat was again swtched

on and solution was stirred for an hour at 110 C SiCl,
After that solution was distilled yielding 47.08 g
(66 %

tris(3,3,6,6,6-pentachl oro-3, 6-di sil ahexyl)chl or ogildSan
e. B.p. 264 C/ <0.5 nbar. 15 Exanple 3
1,1,1,4,4,7,7,7-Cctachloro -1,4,7-trisilaheptane Cl 3Si

11.00 ¢ 0. 63GmBRE Fhfichior a3 addd o a 18 HiTessel followed by 2 ml
1,1,1,4,4-pentachloro-1,4-disilabutane. The solution was heated to 80 °C and 15 pL of a 10 %
H,PtCls / 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

C
CI

Vinyltrichlorosilane (16.8 g, 104 mmol) was heated to 60 °C and 100 uL 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
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SSHO 2 ~~ 90C/ 12h C 20 Vinyltrichlorosilane (16.8
g, 104 mmol) was heated to 60 C and 100 L 10 % H2Pt C16

W0 200PM43750!] uti on was added. PCT/EP2007/055818

1,1,1,4, 4-pentachl oro-1, 4-di sil abutane (20.4 g, 77.7
nmmol ) was added slowly during 20 min so that the
tenperature did not exceed 100,,C. The reaction was
al | owed WO 2007/ 144371 PCT/ EPZ007/ 055818 21 to
proceed for 12 ho at_ 100 after |ch was .
(oG g et AR Gt g 305 Goplled s gpciippe 115130 °C/

<Yh1%591%§1§é“és Qlééﬁ(ﬁsmb} 986/7)% Exanple 4 5
7, 7- Cct'achl or o- trisilaoctane Cl Si

H2Pt ae / I PA Cl3siCISiCl2 3 "-~~SiHC12 + ~~Si C12 90C
E %h Si 1,1,1,4, 4-Pentachl oro-1, 4-di si | abut ane
[Rshs p g, 196 nnDI) was heated to 80 C and 20 L 10 10

1,9 1I,z|2,4?17,@l BOktadcRAdroSA mlhigim vasheadded.
V'ny nethyldlchlor05|lane (29.7 g, 210 nmmol) was added

slowy during 20 min so that the tenperature did not
exceed 130 C. The reaction was allowed to proc§ed for

/2 hours, after c pAi sti.&i.ed U uum
Cﬂé‘ “§0- 198CKE 7 <i<4\% ﬁw d was 70. 8ig Sk
nnDI 89 %. 15 Exanples to 1, 1, 1,4, @ Pent achl or
o- 1,4-disi|adecane , 1, 1,4, 4- Pentachlor o-
1, 4-di si |l adodecane 1, 1, 1,4, 4-Pentachlor o-

1 1 144- glipsihthéttl etor 1, akiadildB@ame5TI6 g3i196|218h@) ﬁ/aé h&d?éki ﬁlgiﬁi(fénd 20 uL 10
S HC12 + / SI 20 110C/ 1h C 32 m

%r%lp)t(ﬂﬁ/ ﬁ%&eﬁ@ufawwzma%ed%w@&@hylﬁ;&h@é@%ltan% @%Weg e210 mmol) was

adidd @1%“}1)9 d@rlrggoé)() Bin so that the temperature did not exceed 130 °C. The reaction was

allowed to proceed for 1¥2 hours, after which it was distilled under vacuum at 90-102 °C /<1

mbar. The yield was 70.2 g (174 mmol, 89 %).

Examples 5 to 7
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

H,PtClg / IPA 0'38'\/\80/\/\/\
110°C / 1h &

CI3S'\/\SiHC|2 P AN N
32 ml (21.53 g, 0.256 mol) 1-hexene and 20 ul 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
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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vessel . Solution was heated up to 80 C and 46.90 ¢
(0.179 nol) 1,1,1, 4, 4-pentachloro-1, 4- disil abutane

woa®7adged sl owly during 30 min. Heat was sw tRdIEEPINT/055818

when exotherm c 25 reacti on was observed. Tenperature
during the addition was kept below 130 C. After

addi tion heat was again switc on and sol uti on was

stirred for an hour at 110 C ter that product was

urified b illation. . 100 C Yi el d
1-Bereng cgn p %%epiaw/é OY WSCEH6 PF if‘%seﬁf t@@w%%édﬂ/ pagentachiomw-1.4-
o | I (0]
S ENEaG, BR 190G FBRER B i) SR 201, 3 SRRk
1, 4disidatdtBakaldetar?. (B. pmbi@r"c /888 %Db}dt, QQG% y&dd), respectively.
1,1,1, 4, 4-pentachl oro- 1, 4disil atetrakai decane
(b.p. 138 C/ 0.8 nbar, 82 %yield), respectively. 5

I
E%@B}% 4, 4 Pent achl or o- 7- phenyl - 1, 4-di si | aheptane C
1SJI,MPEﬁ]aGhI’oerﬁ)}@hI&Bﬂ@IrdlsﬁBaﬂeﬁtd-rKél 2 + 110C¢ 1h G 10
18.77 g (0.159 nol) allyl benzene and 501 H2Pt C16/1 PA
solution were added to a 100 mM vessel. Sol ution was
heated up to 80 C and 41.85 g (0.159 nol)
1,1,1, 4, 4-pentachl oro-1, 4- disil abutane was added

OV\Ay durl ng 30 m n./~FRat wapiawibah ff \M‘fé
Cﬁé otHergiHel, reag @ trgervey—'rereg ér?ét/ur\élﬁ“n/\g<j>
el ow T8¢ dh After 15 addition

the addition was kept
heat was again swi tched on and solution was stirred
for an hour at 110 C. After that product was purified

12%?%78 Qi(g/ngiﬁé El)?g%aﬁaglbgﬁzéﬁe ahd 504 FLACBIPA solufiof vWbrS2ddkd t§a 100 ml

vebsel, oldtidhr Weyticacdal uprto-86--peaniialfl | 850 @pisomidh 1,144 1 sichabloro-1,4-
xane 20 FF FF QA S EHPAG6 /IPACS3SI | F )
disilabutane was added slowly during 30 min. Heat was switched off when exothermic

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. 137 °C/ 0.8mbar. Yield 35.10 g (58 %).

Example 9
1,1,1,4,4-Pentachloro-6-pentafluorophenyl-1,4-disilahexane

- R F
: HaPtCls / IPA  cy,si Gl F
C|38|\/\ ) + / F e T o I\/\S
SiHCl,
110°C/ 1h & ans

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 ul H,PtCls / IPA solution. Solution was heated up to 85 °C and 85.80 g
(0.442mol) pentafluorostyrene was added slowly during 30min. After addition solution was

stirred for an hour at 100 °C and then distilled. Bp. 122 °C / <Imbar, yield 158.50g (78%).
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- S 3 ~"SIHJd2 +110C/ 1 hd FF F F 116. 15¢g
(0.442 nol) 1,1,1, 4, 4-pentachl oro-1, 4-di sil abutane was
w@owed44301 a 250 m vessel followed by 100 pl PEPEPI067/955818
| PA solution. Solution was heated up to 85 C and 85. 80
g 25 (0.442npl) pentafluorostyrene was added slowy
during 30mn. After addition | ution was stirred for
an hour at 100 C and then distilled. Bp. 122 C/
<lI mbar, yield 158.50g (78% . WD 2007/144371
Exetperd007/ 055818 23 Exanple 10 1, 1,
1,11% 4PRRALRRHRbL AT Brsild-gAi gt | @- 5- hexene (A 38l
c02(CcO 8 C13Si €1 "-~SiHCI2 + - 0C/ 15h C 5 40.00 g
(0.152 nol) 1,1,1, 4, 4-pentachl oro-1, 4-di si | abut ane was
di ssol ved in 1000 ni Cég{é@ di oxane in a~2000 m vessel.
cilsie sal uti on was_cool QMQ t €1:8i-C an etyl ene was
gu%ﬁfﬁH&HPb sol TTi on gsbiky it was satuﬂ;?ﬁﬁ. The
sol ution thus obtained was slowy warnEd up to room
tenperature. 1, 4-di oxane was evaporated and obt ai ned
crude 1, 1, 1,4,4-pentachloro- 1,4-disila- 10 5-hexene
400s 2 pUt 53 meb bl 1 didspdnitdchtaror .4-dixdatpitane Mas Hiss¢lved in 1000 ml 1,4-

1,4,4-P chlor o0:7- (3,5-dineth damant yl) -
digiifiedh s POUAGR “Pasne Thaeitied Fookd LD o hidagenpigne was bubbled
toBbIuEbPin il $as BlurhitedNTREId 1Mot thEDEFZined 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

Br
FeBrs
Br + B “pentane B
Br .
Br + Zn —»EtOH moist + ZnBr,
Reflux =
e HPICIY/IPA  G1,Si Gl
N"siHel,  t ~ oo /in s

Cl

81.71 g (0.336 mol) 3,5-dimethyladamantylbromide was dissolved in 500 ml 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 FeBrs. 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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Cl S HePtCl6/1PA C13SiCl 3 ~\SIHC12 + 4b---zzzz:~ Sl
100C/ 1h CI 15 81.71 g (0.336 nol)

w@2®7du4set hyl adamant yl br om de was di ssol ved i nPGDBP29D7/055818

pent ane. The solution was cooled to below -10 C by

i ce/ acetone bath. 51.40 g (0.425np01) allylbrom de was

added fol | oned by 410 ng FeBr3,, The sol ution was then

stirred for three hours at 20 -20... 10 C after which
GC-MS was_ carried out, |nd|ct|n t hat

anal
re&0rb e boRd o Sened Hey (9O BY (PEAPSTAFUSFARE Y mh%twwe with 500
mEGBles m%rgﬂg@ﬂ%ém\gam%&tb@ B PBhtse! \{/a{see‘éfalg&ﬁteérRemalmn material

addi ti onal ours after which GC-MS showed that al
wam@ssciﬂMtthy D@ dd rtmngl anidragmmi afleaninauht WOV 2©@0 WAL 4di8d Tollowed by 25 ¢

B O S e S BT N8, 5 b o 151

Aﬁ@locoo[ﬂlg ek B o robRete@pdaifire thedyoRitionasastater@l BOO ndRehter was added
pent ane was evaporated. Remaining material was

andgi the proglaer wa}' exoactadl berahog teied wathsYeml pamt@mh Pegthne layers were
co\i\%&%ﬁ % o%cé 1t|h ?Me ﬁ%a eée(yer %v%ge %tege AR Y I 1?}1 anhydrous

uti on vvas hen to r ux’ an

mﬁ@&sﬁﬁn muad: drarfiliebed) Peftakd vas e@@ofalte“dgandownafmmgr@@de 1-allyl-3,5-
nperature the solution was filtered. 300

lwg@ymgantaaﬁ ¥ap ﬁvéﬂf;sffdolavu@ﬁt%@ne&lﬂdéét%hg Eﬁ7 %slmllryw 5-
il fac éﬁtagg %EL ?o”a?1od° PN f%ﬁé(x%rcﬁ%y‘% gl H:P(Clg / IPA solution.

and vvas once W

Tﬂl@éb@litldha{/z% &@{ehe@tt@es °drain@d9\W0ts 0 HB1PUS , 1, MBGBRGER BRO- 1 ,4-
sulfate and filtered. Pentane was evaporated and

dipigapuiane ng:s @fdrgleslawlal duying 305nin dAftelt Hditredia g rsoltien wees heated up to

b | | .9 7 %, .
15 i w8t o af o e B e gy Eliey hen pygie
dlgféﬂla\ﬁ%ﬁ%?éldlhg sk %\A%ﬂ(sﬁ%ﬁ{?p 115721R8G6 4o 4 Ryasol ution.
he sol'uti on wa eated up to 85 C and 59.50 g (0.227

m)I) 1,1,1, 4, 4-pentachl oro-1, 4- disil abutane was added
sI ovx%y uring 30 mn. After addition, t he sol ution was
d? up to 100 C and it was stirred for an hour.

1 The4 PPegisehiok hisSs- @Mahgrepl 4V&ﬁ§lat61ﬁ818t¥é%| fied by
distillation yielding bp. 157-158 C/

<0.5 nbar. 15

- . cl
ClaSis_~gincy, + \ (Ph3P)sPA(0)  ClsSin &
80°C / 1h Y

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)palladium(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
g2 (93 %).

If the same reaction is carried out with a H,PtCls / IPA catalyst at 80 °C or with a Co,(CO)s

catalyst at room temperature a 1:1 mixture of o and [3 substituted isomers is obtained.
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Exanple 12 1, 1, 1,4, 4-Pentachlor o-5, 6-dinethyl -
1,4-disila-6-heptene C13Si~~S. HCI + (Ph3P)4Pd(O
WCIBS44315 | 2 80 C/ 1h 61JY 20 49.85 g (0.RODEPWD})/055818
1,1,1,4, 4-pentachl oro-1, 4-di sil abutane was added to a
100 M vessel followed by -20-30 ng
tetraki s(tri phenyl phosphi ne) paisl adi un(0). The sol ution
was heated to 80 C and 13.10 ¢ (0.192 nol) iso-prene
was added slowly during 30 mn After addition, the
Exynpleilon was stirred for an hour at 100 C and then
1@“1544 bleﬁglch%?o 698-forbornt 2Ry 1 aVdiShFex8n20 25 g (93
9 ! he same reaction is carried out with a H2Ptd 6
/ IPA catalyst at 80 Cor with a Co2(CO8 catalyst at
roomtenperature a 1:1 m xture of a and R substituted

i soners i s obtained. 2007/ 144371 PCT/ EP2007/ 055818
HoPtClg / IPA ¢
1 4siacRent achl or/a ( SW en?é%I\iAS I si-tahe

Céél Exarrple 13

xane O Si HPtore / IPA 1381 3 siHoL slorn 2 +
100C/ 1h C 5 22.63 g (0. 086 nol)

1,1,1,4, 4-pentachl oro-1, 4-di sil abutane was added to a

221@335; '('(‘) o8em98!1,1,1; @M ﬁ’é’f@ﬂ:hmfo A0-glsiluthe HZRLEH& (o A P ml vessel

sol Gtion. The sol ution obtai ned was heated to 85 C and
follow8d by 70 @ul 0090 HakiCls AP sojtiod- iibe bdntnenebtaaed wheheated to 85 °C and
iti t he

f d
1G5 00 D St 2aomsmadh Wi denat o6 Ltrimgmin. Afeer
adl.till(l)t;‘ft;n, kﬂEe)e(sg}%ll%g v&ia}ir%grr&i forah nbfr 4030 ’Odeﬁltﬁe@(ﬁstﬁﬁbngﬁ)ﬁﬂﬁlO °C/<l

mbar, yield 20.05 g (61 %).

Example 14

9-Phenanthrenyl triethoxysilane

Br Mg Si(OEt)g
TEOS

=0 w0

5.33 2 (0.219 mol) magnesium 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)
Si(OEt)4 was added to the vessel. 200 ml 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
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%.



9- Phenant hrenyl triethoxysilane Br Mg Si (CEt)3 TECS
15 - - THE 5.33 g (0.219 nol) nagnesium and a snal
w@rmany43of i odi ne were added to a 1000 m vessPCT/EP2007/055818
foll owed by 56.38 g (0.219 nol) 9-bronophenant hr ene.
196 M (182.74 g, 0.877 nol) 20 Si(OEt)4 was added to
the vessel. 200 m THE was ad after which
exotherm c reaction occurred.” After the solution had
cool ed down it was heated up to reflux and was stirred
Exynplegver night. Refluxing was stopped and 300
1409- bﬁ@ﬁaﬁﬂﬁréﬁ\@% p@lqe@lg; é‘?ﬂa%étﬁ’&y‘"@& cﬁﬁ&%ma‘%{é to an
anot her  25°vessel and remai ni'ng solid was washed
twice with 200 mMl n-heptane. The washi ng sol utions
were added to reaction i@Mepn. THE nq)n heptitee
wer e evaporated, gand the remaining na eng&hom&&OMe
distilled. B.p—_A75 ¢ O.S{OMsdr . Yleld \RS (B @Ry =
70% WD 200 @
1- (9- Phena eny
utane CSi (k) 3\ -/ Si (Owe) 3
Oovwe Owe COD Ng /| - ~ THETHb 7.23 ¢ (O 297 nol)
magnesi um and a small anount of iodine were added to a
1000 m vessel followed by 56.38 g (0.219 nol)
7.93 @r(o aa‘p hﬁbmmﬁglfeerﬁlﬁr arfldl ssdrhd1l aredunexy Bidinel yat hadel t() %311)00 ml vessel

was added to the vessel, foll owe
fo eryﬁﬁ bsrﬁfr 38| Og1p éwlh?ﬁmré%pheawt%rﬁaf r?é?%ﬁl@etbexr%lé?qhéw (237 ¢,

O.gzgyfog%s Ll ¢ fl@ Cesl H)ﬁfo%d%?%O@&?lI?ﬂ: HONRe }mﬂﬁﬁés an exothermic

reflux and wa
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
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. 190-205 °C/ <0.1 mbar. Yield was 59.23 g = 65%.

Example 16
3-(9-Phenanthrenyl)propyl trimethoxysilane

Br MgBr

O Q - O Q



stirred for over night. Refluxing was stopped and 300
m n-heptane was added. Sol uti on was decanted to an
w@ewrher371 vessel and remai ni ng solid was washeRCT/RP07/055818
with 200 m n-heptane. The washing solutions 15 were
added to reaction solution. THE and n-heptane were
evaporated, and the renaining terial was distilled.
B.p. 190-205 ' <0.1 nbar. Yield was 59.23 g = 65%
Exanpl e 16 3-(9-Phenant hrenyl ) propyl tripethoxysil ane
20 Br mpBr 0~ 0 + My O-q WO 2007/ 144371'/1-e
PCT/ EP20@¢8055818 27 | MyBr + + MyBr SI C13
+HSi C13 PtCl6 5 Sid3 Si(Ow)3 + 3/(Meo0)3CH + 3MeCl

O)H 6.90 g (0.284 nol) maum powder and a
o 2 of igdi neBmer g adges - 10Q0mL  vessel
5 /m 3. 07 g Y(0.284 o ) /.@ ant MeBhe.

A 7 N e

) - wAs added after 10\ ¢h exathgr m c
reaction occurred. Wiile the solution had cool ed down
back to roomtenperature 30 Ml THE was addgg, and the
solution wgs heated up to 65 C and stirrgd for over
ni ght. Sol ftion was allowed to cool do to 50 C and
34.42 g k0.285 nol) allyl brom de was added 15

¢ during 30mn at a rate that /kept solution

ion was stirred
at, fcG. -Salisi on /v
mnd nost of ”

cdndown to room
SiClg i(OMe)s

S )
+3 (MeO);CH —» + 3MeCl + 3MeOC(O)H

6.90 g (0.284 mol) magnesium powder and a few crystals of iodine were added to a 1000ml
vessel followed by 73.07 g (0.284 mol) 9-bromophenanthrene. 90 ml THF was added after

5

10 which exothermic reaction occurred. While the solution had cooled down back to room
temperature 30 ml THF was added and the solution was heated up to 65 °C and stirred for over

night.

Solution was allowed to cool down to 50 °C and 34.42 g (0.285 mol) allylbromide was added
15  dropwice during 30min at a rate that kept solution gently refluxing. After addition solution

was stirred for 2 hours at 65 °C. Solution was cooled down to room temperature and most of

THF was removed by vacuum. 700 ml DCM was added and solution moved to separation

funnel. Solution was washed twice with 700 ml water. Organic layer was collected and dried

with anhydrous magnesium sulfate. Solution was filtered followed by evaporation of solvents.
20  Remained material was purified by distillation. B.p. 110-115 °C/ <0.5 mbar. Yield 54.5 g
(88%).
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THE was renoved by vacuum 700 ml DCM was added and
sol ution noved to separation funnel. Solution was
wo®hedisvivi ce with 700 mMl water. Organi c | ayer PGEEP2007/055818
coll ected and dried wth anhydrous magnesi um sul fate.
Solution was filtered followed by evaporation of
sol vents. 20 Remai ned nateri aI28vvas purified by
distillation. B.p. 110-115 C/ <0.5 nbar. Yield 54.5 ¢
(88% . WD 2007/144371 PCT/ EP2007/ 055818 28
Al lyl phenanthrene (41.59 g, 0.191 nol) was added to a
Aﬁ?@ﬁ@naﬁﬁﬁ'&ﬁa @t59 QTBdof hpKwandide D &4 e8hHProhRd QQct(ﬁqe(ﬁ@ask and
10% H2Pt I N 1 PA was added. Addition of HSI C
haaml wpttaved. &@l dl 1@k direrlpiclRewas adiedwaddidbs ef HS[Cls Was started and

iRic rﬂé‘fq@ellgvgﬁgn%lﬁgr&%s- 2610 B Rereois et i desrluring 40
. 388 i G P B PR SRR G AP AATIEg, fmovca

vdcathawed 00yn1597 0.9 BudBOltrimsthal calicbiysdte waeo hdideddnllovwasd by 50 mg
stirred for 90 hours at 70 C and product was purified

BypCl gs gt:iltplya& Sehltloews stirped for PO ebeu@ A HArC ang grogugigvey purified by
dléx f'a{lob al§ 1&1 g(? ynf)bl g el’l’)l(ba(l:') f%ﬁiq}/ ﬁlgf'{) Al ﬁ%%)amoimp of allylphenanthrene).

9- Phenanthr enyl triethoxysilane (15 g, 44 nmol ) ,
acetone (22.5 g) and 0.01IMHO (7.2 g, 400 mmol) were
Epminapled7in a 100 nL rb flask and refluxed for 23 hours.

ted und duced
D B RS B b rer (1184 0) was bt ai ned.

The polyner was diluted in PGQVEA (29.6 g, 250% and
then casted on a silicon wafer. Soft bake 150

9-Rhenanthuenyd jiatheyy silaned Ta g Fommah), aqeiong (72.51Hand H&éM Blﬁl (7.2 g, 400
mgﬁfl)r\@&re PlleMPa 108891 Eﬁasl@%?d &ﬁﬁked"ﬁ)\‘ 95 7081 h"lfﬁeawgtdli@%@ere

I €l ect | c constant 3.5 at . However, ymer
ewapbratedumdelemdwieldqmssmhemhualsolncbpwlsmandd %@lmtobtained. The polymer

st al kal . etch o
Wi ERELRIC AN Rodbe 250 A0 uih SRt Siigh §afercpft bake 150 °C/
5 ﬁ’ﬁﬂl m@@wé’d 19y Khenasdveong!hihi ey bf @Rctoh/wi01.8680 at 632.8nm

ared by Grignard reaction between 9- 25

.05 nol
vaalm’@ﬁh@nam amf @nbctrmgnfé@ml}rﬁ atalMHe dlowerenmojwndrahiénotrhave

excléhe)nt cﬂemlc erteé)lgtgnée agalnst g?mcfﬁ?({ organic solvent and alkaline wet etch chemicals.

Example 18
High Index of Refraction Polymer 2

9-Phenanthrenyltriethoxysilane (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 dissolved. Dilute nitric acid (0.01M HNOs, 6.77 g, 0.38 mol) was then
added. Two phases (water and organic) separated. The system was refluxed until the solution
became clear (~15 min). Glycidyloxypropyltrimethoxysilane (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
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stirred until solids dissolved. Dilute nitric acid

(0.01M HNGB, 6.77 g, 0.38 nol) was then added. Two
w@b@gast3(iat er and organi c) separated. The sysPETERHS7/055818

refluxed until the solution becanme clear (--15 min).

A yci dyl oxypropyl tri met hoxysilane (3.00 g, 0.01) was

added and the flask was refl d for six hours.

Vol at i | es vvere evaporated in rotary evaporator until

25.00 ¢ | uti remai ned. N-Pro etate
alxdsﬂza@cfvgyor d uagﬁé‘b% avaé\?fgb%%\afqoaﬁ PRlyRier- rﬁfgaunté?g 4ppyvolatiles was

m&mﬂéd 6 699 fza%'mﬁfé PdN@EA (8 l%bggl?wa@ H@déli' 36GRAt SBRACHRE MW as ~50%.
ether acetate (30 g) was added WO 2007/ 144371

TIRCGOIERROOW/ @868 18 il RAthaheb ‘4 and rﬁhap@ fatdtbuun2( mig4esgThe water

S ft Vi scous unt of non;vol ati .

P Binedle 15200 Ba S i PR 0BG R Gl PRI wn

@gi gehi S, Mt PEMEA (6DBf &R adtR8 to BR¥solufib® wet|sblidl 8bntent 22.16%.
was heated in oil bath (165C) and refluxed for 4 hours

Palpmeas g Ms/MiThd Idt2eh80 g/mat. ap oreandedby OF§ adamst maeedisgnsrse

I ry evaporator, along wth PGVEA
p&%{?}ﬂrﬁg&%@&r&r%nﬁlﬁed Mbre PGVEA (42 g) was added to

give solution with solid content 22.16% Pol yner had

M/ Mv = 1,953/ 2,080 g/nol, as measured by GPC agai nst
S%ﬁi@@@ﬁ@ﬂ% Tlpfoﬁoygtoyra@mée St ehdtarasormul %@M&EA (5.33 9,

SPLERE YR TR B A0UPal e B DintEEy o7 10me.

It fwrao wpiBYicatel @mael” wWafeg) at2i)0apmi. Ghe €ilm miak isaftt baked at 130°C /5 mins and
odorsil _2074, 10 ng). t was sp coat ed 4"

‘*&gl%&%g? ééS(%‘BS ergr’lF? th;%%}e?sﬂ figh GlIs V%#tqoﬁgk@dl '3 eXl‘%GEfri“cuon of 1.66

atB30ghs AN el dorRtant 8QG /I VB ATTRS Al didhbisNRSSith acetone,
after cure was 310 nm and i ndex of refraction of 1.66

indica@®2th8rerossnichldin ehastheen sucosdtlabimiBuly, amordepncemased PGMEA

il mdid di ssolve with acetaone icati
sopf SRl Vs S B BRE Tt Bfth 25 530 pBicy and has
m6ONGEN DN @rachnBEYERessIh4 BOPH b fRadis&] bylganddidenté@sn.
prepared, spun and cured. The filmwas 830 nmthick

and had nodulus 7.01 GPa and hardness 0.41 GPa as
d by nanoi ndentation. Exanple 19 H gh | ndex of
E%erﬁﬁac]t%l on Polymer 3 20
High(Srdek enRefriacesry Phlyinel 34, 4, 4- pent anet hoxy- 1, 4-di sil ab
utane (9.55 g, 22.9 nmol), 9- Phenant hrenyl
triethoxysilane (9.02 g, 26.5 mmol ) and SLSI - grade

126 ShanG et 01,91, X8 HEntamethoxy-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.HCI1 (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
mmol). 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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placed in a 250 m rb flask with a teflon coated
magnetic stir bar. Distilled water (6.0 g, 333 mol)
woer®7adged and system was refluxed for 15 m nsPCITRAR20)7/@55818

drops of dil.HO (3.7 w% 25 was dripped in. In two
m nutes the sol uti on becane honogenous, indicating the
progress of hydrolysis. A solyfion of
1 (9 Phenanthrenyl)- 1, 1,4, 4, pentanethoxy-

i.n acetone

lzefe) g '%gg; %E‘ﬂ}r”eélt?/ﬂg:e 0% 33@5 &. 260N HEd UgRgRtIR6 me.
BY&at307 oflﬁ§k CHERlio): Aﬁaﬁaﬁ\:@f tsle'ﬁoM\@ﬁq FOBNRAI Ol bR Rtethy1 ether

for 14 hours. Aftér the r volatil es wer
aceeup(RE M EAd 240 Haeod metlwl ethgi k@olZéS(ME@ H0/%p meyemiso pisprared. The

| ) | h |1 30 st
schysin M LS P daboBen DA Rrlon TR gD PRI EP g AR siicon wafer
at30D0 rphe %Qlﬂkk‘h‘ﬂfﬁ?d ECThER20Q 2005683 &ins3 PolldveedsBl thélSure at 400 °C /
were diluted in n-butyl acetate (NBA, 73. 06 g 60 9

1 aménssn Nzaimbaqm gg‘gsfﬂﬁfgwuh g\d@@p}fr@(ﬁptlgn 1gykl -&ym and thickness of

68@ érﬁy']ﬂﬁ:t %g!:tylb é:glg{t Io? [}'ﬁé\%&%g’o% a %’ﬁgl%'d#‘h%g hg&lr}?%a}]t}ﬁlcknesses up

tokIS50 e & Mefrephodl, ¥d wey Sh@i/ﬁbncpsflglpbﬂfr@d{mg Hthe fB@l ddluildoe rubbed
in NBA was filtered through a 0.2 teflon filter, and
wigh Prgaew&&ntﬁﬁwél 2 acgionp %Wowa@émg@galf 3000 rpm Sof t
bake at 150 '"Cl 5 mins and 200 'l 5 mins, followed by
ﬂf Quye at 400 C/ 15 mins in N2 anbient gave film
RiTidex of refraction 1.6511 at 632. 8nm and
Highi kikieessRefrac683Polmefhie di el ectric constant of the
filmwas 3.4 at 1MHz. Filnms with final thicknesses up
to 1850 nm were prepared, and they showed no sign of
A
3G PR oreg AR Ui (R0 mllh ARG & and 001 HCI
wEanﬂmleé 1120 160 gih rb fladoandfrefRefed dot 1 mouPol Atriee b@’ginning, the solution was

n

drepiRasan it enl KRropYl Le1 et hoxy sl ane (1,0 9 erivation

fultRePprd s, ﬂh@ s&l'uﬁ@ﬂf nhdh 40afd sll?gﬁgy E%d% @H@Waﬁﬂes’%er& R&noved by

begl nni ng, t e solution was becane
evabeatios poder afdueed pigssung gnohgy sahste solarlmd)ow\dhe% 60 lgeThe polymer was

i HEE 4520 O 0ier ghony P B0 T8 AT T os “wer ¢

renmoved by evaporation under reduced pressure, giving

white col orl ess powder 9.60 g. The polyner was stable
Thecasngsduionvaepreparedhy divedvineg éd)&g/pOﬂme( i Gt e n@thyl ethyl ketone

(400%) and a surfactant (5 mg, BYK®-307 of Byk-Chemie), and filtered through 0.2 u Teflon

m

=

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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20 The casting solution was prepared by dissol ving
2.06 g polyner in 8.24 g nethyl ethyl ketone (400%
wana7ad4sor f actant (5 ng, BYK(r)-307 of Byk- ChePrdBEP20aT055818
filtered through 0.2 Teflon filter. The polyner was
spin casted on a 4" silicon wafer at 3000 rpm Soft
bake at 150 ' 5 mns, foll d by the cure at 400 C
/ 15 mins in N2 anbient gave a filmw th index of 25
refraction 1.671 at 632.8nm and thi ckness of 840 nm
Extfarl§idi ectric constant of the filmwas 3.4 at 1Mz.
Hiréylelnfd%;(mcﬁlgg\ﬁ/ggompow of cracking. The filmcould be
bbed with organic” solvents such as acetone w t hout
damagl ng it. WD 2007/ 144371 PCT/ EP2007/ 055818 31

9—@%}“{1@' iﬁrlgh&xﬁ; @070@%% 104 rcr:l%iI%?eé)gP éi%ngﬁla%naﬁ%feactlon between 9-

blﬁﬁ@pﬁérﬁﬂthbé’ne@hlagﬁb'@[% ra@aédtiaethoR el th PHFPand acetone (15.00 g) were
bronophenant hrene, nmagnesi um and tetraet hoxysil ane in

stiTyRungiheplide disspled. 51604 wesd 0.0YIHNOG it &0 omplisvas hen
acgll ﬁslo\lvg gﬁl%sE&]wa%r qa&lla éiﬁw%%a(%atgg 'J?-n]el\él?fﬁl\llgpw%fgfeﬂuxe%_gun)tﬂ the solution

bes:ema&%e@ﬁha) E(}’l?&lemo\ﬁ@lﬁropﬁlﬁhm&ﬁdxﬂﬂhmd (3t0veg, $X0 10 tia@Added and the
becanme clear (--15

ﬂ@ky@sawlas?%%w P?‘l‘r{gnrﬁé?lﬁ%?ﬁ Yiereati@perateyan gotary, Qyaporkes until 25.00 ¢
%glﬂat | g)n rgﬁa‘lamfe!i aﬁ’ﬁ %@/Z é&%tg Wfb assd(%le(li] o évaRora]tlon continued

s wer e evapor I'n rotary evapor at or
agdm @0il @7 plemalngdeNexs oprupyleme glgow innemmehkyp etipy hcete {3 ® was added

(32. 50 wa nd e orati on continued
angAga|n e?%%%ra@ﬁ‘ﬁflﬂg‘gg‘? Yeafg?sowogﬁ Bolgﬁg?&o‘PmPﬂﬂM?@% yplatiles was
me4siesd t@%@%@tzﬂ % 3o PORE 2 AIRS,) \@&dadag@wth%vmr@h{%ﬁt was ~50%.
until 24.84 g was left as vi scous pol ymer. Anmount of

Theoyelwtginav s hegtedas oil frethg lo2 andbreﬂwdzmr 4oty 28 nHEVEA The water
i d content wa

B R B IR Bt BT 10 BATR ot T8 2LRg i POMEA unil

18 etdnixedd. Myre PONBAS420) Whiadded to dive svratielh wih sbli@tontent 22.16 %.
formed during the reaction was renoved in rotary

Palyegbhash M/ Maalr 35300 090 PPaRIEAS meesured DBGHC s hgnodisperse

(33\@@1 2 s added to give solution with
poslygﬁrtfrgﬁcon en SIE%P/\GB% Pol ymer had Mh/ Mv =
1,953/2,080 g/ nol, as neasured by GPC agai nst

nonodi sper se ol ystyrene standards in THF, 20 A %
AddiaerigHon it WAS PEsPaisd PBd 2 SHBN R CEMY FHE. 3c0/atRé109§Iisﬂ 2074 from

Rﬂ&h% aéﬂ@nﬁg‘gﬁrﬁ'(bQZ@Fﬁ’Yk@@mrom BYK-Chemie) were added. The material 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™):

If 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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Rhodi a) and surfactant (0.2 % BYK307 from BYK- Cheni e)
wer e added. The material was spin coated on a silicon
wowdoendgnd cured at 200 C/ 5min. Filmcould be PCHERIMO7/055818
with acetone wthout damage to the film indicating
successful cure. As can be seen from FTIR, the silanol
anount of the filmwas very | (wi de peak at
3200...3800 cm1): 25 If no curing catal yst was used,
the]f m di d not cure but was washed away by acetone.
mple 225 | anol peak in FTIR was hi gh. WO 2007/ 144371
plpgyﬁ%p&m@@%ﬁoly&%r sErATR A 20 PiaRARALIGN Of bl end
of Pol yner and ratile Ti Q2 nanoparti cI es Polyner 5
concentrate was fornmulated with rutile Ti Q2

a rticles (trade
POERRES hcea e M TR a7 820 peBi isled fidegme “nSol-101-
SKRESMNHnboGrMal 3 edinfNMBR) 34 ‘éhat fhe pblyInerPdftfcB&tadk ratio varied from 3/1 to
BYK- 307 from BYK- Cheni e, 0.2% and cationic initiator
1/%%@@@; (BYE7¥)7 fron B Y- Ghamiadd¥e) ang catiehic sifpoe(Rhodorsil 2074,
4" fer, at 00
0 PR IEATRLAER ST BT A i £y 2 i e
fila30w &se kofd bakdd. at FB) AC Y Birmiknad secdando0 r@f f atihj Bi@n thicknesses and
indices are summaried in table 1, along with a ) )
refragtiiedpdisesHppraMaged it @blevi dlgng @flfﬂﬂ@x}'ﬁ%r%rtse-same@ difgted with
1: blend ratio Tx after R
PéMEVe% [#xfdgﬁ?%?m&lthlgwsg Material ww 130C/ 5m n
130C/ 5mi n 2000/ 5m n 2000/5m n S% Polymer 5 (ref.) -
4 1.67 409 1.66 3.5 Polynmer 5 - Ti02 3-1 744 1.71
?11 71 1.6 Polyner 5 - Ti0O2 1 - 1 322 1.76 313 1.77
2.8 Polymer % 02 I -3 1// 1.85 170 1.86 4.0 15 AS
can be seen | ?a

_ bl e 1 ecﬁl i r;?@Crmalt e%) % |ncr ed
i ncreasi'f in
th tegig mkag‘@ di d%{; Qngés (Faﬁﬁfl% rq% n 2 m'” S%

Polymer 5 (ref.) 424 1.67 409 1.66 3.5
Polymer 5-Ti0O2  3-1 744 1.71 732 1.71 1.6
Polymer 5 - TiO2 1-1 322 1.76 313 1.77 2.8
Polymer 5 - TiO2 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.



Exanpl e 23 Preparation of blend of Polynmer 3 and

rutile Ti Q2 nanoparticles 20 Polyner 3 solution (17%
WO pooNEXIB7IVas bl ended with the same 5 % Ti 2 sOPCI/EPW0HEBSS818

in Exanple 22 at a mass ratio of 1 - 2. The solution

was evaporated back to a solids content of --17 %

The sol ution was spin coated a3 2000 rpm soft baked

at 150+200 C/5+5 min and cured3 at 300 C/ 15m n. The
Té{@g] ts are given in Table 2. 25 WD 2007/ 144371

£P2007/ 055818 33 Table 2: blend Tx after RI

after rati 0 pRA#Z00CHKIEGHEFZ00CRI%it@f ter R after
Material W w rhatid+5nh 8042060 5N 1503006/ 15miknftd000/ Fomitér
SY%viaR@ilay mer 3whw ef . ) 5358M6 1. BA 582 lafe/bnfin BUCH®RIn  S%
Bolymdri0&iy -2 549 - 53161.85 7.1sAs wi | Igoappear, igadex 28
flynfee8 L okl oy of the By mincreased 0.2 aynits w tqpsl - 7.0
Zratio of polymer - 5 futite Ti0Znanoparticles.
Exanpl e24 Preparation of blend of Polynmer 5 and

anat ase Ti. nanapar.ticles .10 .Pol I s .pl ended..
AP SRRl iR BEPRIR SL FR B 0 RS B Bto of potymer -
rukile0TO, PUAdfadiides. 12 % in MEK) with solid ratios 1 - 1

and 1 - 3. The filns were baked at 200 C/5mn. The

results are indicated in Table 3. Table 3: bl end
E%a%lﬁ#'(]jg%ﬂx after RI after Tx after Rl after Material ww

mn 130C/ 5min 2000/ 5m n 2000/ 5m n S% Pol yner 5

Piepafationr ofAdénd oBFol4@r 5.a0@ ahabase TiO, nanoparticles

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

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

Table 3:
blend
ratio Tx after RI after Tx after RI after
Material w/w 130C/5min 130C/5min  200C/5min  200C/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 lum
(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 150

to 300 °C prior performing CMP with traditional oxide CMP slurry and then applying
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Polyner 5 - Ti0O2 1 - 1 NMNM910 1.73 15 Polymer 5 -
Tio2 1 -3 NMNM 591 1.80 As can be seen in Table 3,

wo eforaerve i ndex of the filmincreased wth | PCI/ER®OTIESS18
anatase TiO2 |I|oading. 20 Al high index of refraction

pol yners were also tested for trench gap-fill with
trenches lum (w dth) x 4un1(@ajght). Al polyners
showed excell ent gap-fill perfornmance and showed no

crackjng after 400 C/ 15 min in N2 anbjent. |t _ was
adghidegal BARET ‘wperaivaT Cp Pl fﬁogtﬁ SR R et i Ao o temperature the

filpP %é’tﬁﬁﬁl% phrtially PR i &5 &nrORPRLAIRNSNIM fetajrin PFfilm. Due to silanols
(chem cal” mechani cal polishing). It was found

thagobmeadidosis stilladightly kydrophisc.fwhish prterd8e whew p@d@ning oxide CMP
rior,performn with.traditional oxide CVP.slurr
P AR RO LB Tr e S0t d 9 B REBs00) Buss kygin plasma
TRAsH1{inenaim ScBhEvery @AB&HAY Ub&ut 400 enrd pedBthutOwH&Dagplying oxygen
Wiaen first cured at |ower tenperature the filmgets
plasing arskihe phismy peeaeetddidinobcause giseindes pldigagtion; shifh ghigace roughness
T I 0S| ] . Du i S...Ihe noal .
inp £, ek ol oSl Bo R Ronj R ey of rfraction
orghisia ppBifedy danAGt X NP LR tchFaok ek essBl wihohyd®iagingethe film surface
al so conmpatible with etch back process by using oxygen
qyslifsprechanging hefgdmrticak PIPRsTEEL hed very uniforniy about
100 mm per mi nute when applying oxygen plasna and the
pl asma process did not cause any index of reaction
Tlsdre hite, al uhfeadmpooug ivvhsgal isnes éasewatendatiend of CMOS image sensors

ormatjon. It is rt. otifying that conventiopal :
('{1#‘5%?? fhaksandie rF%th\ngc‘E‘ilﬁ?‘ oG BH‘i%&?dpfg‘FVﬁéfﬂf‘§ E%‘?]ﬂgﬁe ggvice: speed and
p&IR BRdngieh: haGkiREARR$eed W thout damaging the film

surface quality or changing the filmoptica

properties. 10 There are also three inportant

t echni cal. i ssues for .ne ener.at i ol f i € ..
EEREBPE S Flatih Pl B R Bantp Gat o STl tnes,
in@lPRY&-diEIBétHena iahentat dieRstrics;] MecoMurtfier 8eMl 8eer; SPaREko-lens

and &omer consunption; quantun1eff|CJen2¥. 15 S
argyp |l @ Bikeh @ppast ragiogilipto-diodel gapsialiddowie high dndex i sefragtien siloxane

o4PaBS 01ty LRI 55E 9 Y gpmvmion an

pdshilvhtesn @idt 3§0 mayrelénsJassivationsllense patynay; 100 hi gh
aspect ratio photo-diode gap filled with high index of
refraction sil oxane

Size of the device: the smaller the pixel the greater the number of pixels on same area, i.e.,
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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pol ymer; 200 high index of refraction siloxane pol yner

for color filter planarization and passivation and;
WQOB7M4rn- | ens passi vati on sil oxane pol ynmer. POI/BP2e7/055818

of the device: the smaller the pixel the greater the

nunber of pixels on sane area, i.e., inproved field

factor. This is can be achiev by reducing | ens size,

di ode size, thinner netallization and applying

multjple lLevels of netal. 25 Speed: shortening.the
Mﬁ@pais_ 46?%@9?)? # BFicREr {Hher @Wqﬂ@tqb&rw&sf %}é&gﬁa\sﬂ%ﬂlgaﬁanperatures to
1obOVehER ShdcRfhikal pYéHetes Ahd bBRe AbRPEFSIE WethWithdr MAIREDY &sed in chip

speed and reduce power consuiption. Quantum
caffrigioanipteriahi deppgtednftepihocolenifiityrstape depositadembgide fully cured at

devjce efficiengy, usi ng, pew. ri.al s .that bring.
b T et HEoT Lafe RO U7 MR Bl B PR Buiabte or
appliosteshs aBOvMRIHRMY 414310k fifted 4fR2007/ 055818 35
terials deposited before the color filter array and
be cured at relatively high tenperatures to lock in
hei.r. mechani cal. .nroperties. i o} at i iLth
RS AR B RGP P BRI B IR TRALLL A o

cdepiisdr ad isatdnemittddalonal orthd dibliensthadevickengsi. Thel oBgstive is to
be fully cured at |ower tenperatures ca 250 C or . )
mpendeg thrgmepntafdieht reaghiag theaede Bar aepks Gpmaterinl igpediately above

thE Aode nd lt.b %Qttﬂ.aﬁ 1P Qﬂc?trglﬁﬁipt%le %XLFS‘E.%QLO%B'[ b ﬁ%@rThe interface of
array. XI'mzing quantum efficiency: Light |ncident

thenideivelld efaatedalf I0Ows Ecuan tlispasses df higbulyks dueeto refodation and reduces
filter and is trangm tted down to the diode jn the :

the il@flesﬂﬁ%{%ih?@rﬂ*éo it %%fq- (e PBler G (16 thgaskglith a

refbctlvedBhtif ERAM A JullLadll QPEnschadl wOHBITR! forl REHERE KILALVD metal
I medi at el'y above 10 the di ode needs to be transparent

depacitibn sk make theechanndl mamrowernoeduciog lghgtransniifseon) and eventually pinch

o 69 b P TLT BB 0 b PRl Do

tha@ eHeGRSeridliBed iodhike tBE hanthed: ©evhen RifACBewdl Bl@iniMized and more
sinple solutionis to line the sidewall wth a

light il oe igvisled dawn g thstiodendbusiba e talizntion pesigeougsetl by CVD SiO,
| g | itiop
wgl\mﬁﬁ lf(grngﬁdéé/ gﬁéwgl'h Faor#r%% ufl%hé rcir/i\%ﬁsfl%% %ggfcdl% rl}la.s ?1? g‘lﬁ?)l( bt RFraction approx

oft I 48633 Bnéyvavdich gty i eland 3o the might chanadlheéds tb hevd @practive index >
for narrow features. However if materjal 100 ha

LAp imeeAugargactim ot Srerigteriaon Thupbesically thigier yaticy seegyde
trér}rlﬁﬁlﬁtr‘%}lg ziéﬂggﬁghérlgi)rége.tﬁuis b p()ﬂ@ﬁkr (RS E%ﬂlﬁg 19tlabedMRaterial 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.



light will be guided down to the diode. Thus the
nmetallization is surrounded by CVD Si2 which forns

wo b@784gewal | for the |ight channel. CVD oxi deP¢iEEPZHNT7/055818
i ndex of refraction approx of 1.46 at 632.8nm
wavel ength range and so the |ight channel needs to
have refractive index > 20 1. to reduce refraction
at the interface. Thus basically this is a vertica

ST o B B P e
filedddehy 8 ardofiler %Eﬁélﬁﬂntw&l £h fbRsEhbion eNRinkerhft f&hde%lce performance. A

appllcatlon Is 1s"a transparent filmand thus
polputdiree Heeoipénl &mltﬂaysmawpm vﬂsib@ nghtt lyett dfé:cneerlg fbbwks B thus light

CVD. Si ref.ra ctio from
PIRIES TS &° gtﬁléhfi %Olﬂﬂg% &H‘I’j theyf ‘{i by 631 ?Sﬁ&fglggé ﬁ*éso (0 polymer from
EX@hp1ee8 iivird skcellert BRnhiiAhE nfalcdm dltPar’Sife@xl 6l Bassivd@¥lalysr. The
with refractive index of 1.46. Wile this material can
paemeiglegmatchesoiie indswé refraghiers ketwemoeolr filter dayar aridspiopelens layer,
thuéjfe%gfe%trlatkl]éc%%ﬁ rfro&ne%%ﬁl%tlﬁ{e?f%ce%bgﬁ tﬁ"g ag A'lﬁa? %ube cudfed at low
processes requi Wi
teﬁip@%turgs.w roe ?(Dﬁﬁ(EthaI:‘efde\dloeﬁﬁot&ﬁﬁseﬁH&ﬁlal ge@hdaion & Arganic color filter
netal li zati on shortened to inprove speed, the aspect
matgfials. for the channel increases. 30 WD 2007/ 144371
PCT/ EP2007/ 055818 36 Passivation of the Color Filters
and the Lenses: The material (200 in figure 1) above
the color filter array is another opportunity for an
i nexpensi ve enhancenent for device performance. A
pol ymer from Exanple 18 is transparent to visible
light yet effectively blocks UV thus light protecting
both the color filter and the diode as well as signa
noi se. Also the polynmer fromb5 Exanple 18 is an
excel l ent planarizing material and an effective
passi vation |layer. The polynmer also nmatches the index
of refractions between color filter |ayer and
mcro-lens layer, thus reduces reflection fromthe
filminterfaces. Also this material can be cured at
| ow tenperatures - 200 C and therefore does not cause
thermal degradation to organic color filter
materials. WO 2007/ 144371 PCT/ EP2007/ 055818 37
d ai ns:
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1. A sem conductor device conprising: - a

sem conduct or substrate; 5 - a plurality of
w@b@vo4grodes arranged on the sem conductor suPGI/ER1087/055818

- netal lines and dielectric materials as interconnect

| ayers on the substrate, said interconnect |ayers

defining apertures at the photprdiodes; - a first

pol ymer which fills the gaps such as to cover the

hot o-di ode; - layers of color filters arranged on top

Cl@sgap filling pol ymer |ayer opposite to the 10

phot o- di odes; - a second pol yner arranged on the

i nterconnect |ayers for covering and for planarizing
| .ameerpiagsdugatridagice hempading: filter |ayers; - a plurality

of nicro-lensgs arranged on top of the planarizing

po!yﬁe@SSEﬁEQ’?QOQ%‘S He color filters; and 15 - a
third Q?l%gﬁ{y df 8{0—(ﬂ5&é§%9g&f‘oﬂ e s&hicbR&uctor substrate;

m cro-lenses for passivating the mcro- |enses;
wher-ei meail lineasid dinkecoic hdieripohyimeicanat&nayson the substrate, said

conprised of a %iloxane-polyner. The sem conduct or
&

2
devi ce IHECORRAChEYEES defRingapcriypestdhsProleniofesit he t hree
I . i . il S 1.3,
pol yme ra.flrgtgﬁz?ﬁg'{ﬂ%{ \Mgl:ﬁ‘flﬂg fhe agé?g.'&%lé's t@W?I&%{%EBS&l de;

The sem co evi ce act to claim ,

wher ei mayats dfedsdr fidtess @fangbeopaipyhess fillipg @bBmadliayeabpposite to the
three of the golyners, conpri se sil oxane polyners

whi ch @Rfforfiedessi -0 Si- and - Si-(CHR)y-Si- groups,

wher ei ' [ Ot 0 ' '

o 20, Makedrd ihaL Rk dp e dBthitect BB VR0 dnd for

of t he phmerdeidpagd phdivadng Weebkirfilehkype] ymers  have an

i ndex of refraction of nore than 1.58 at 632.8 nm or )

hi gher .2 Phuralifyeof gaigqoclsAtes afranzedea tep ohte daiariging Golyyer opposite to

of cl ai ol Rteds: JNfErein the polymers have an 30
. ﬂ§§ ters;
i ndex o ?e?raéi?gh of nore than 1.65 at 632. 8nm or

hi gher .a tMif Okl hdSi/drdigdd EiPRPO/tREMELE-1en38s or pddsevating the micro-
sem conduct or device according to any of clainms 1 to
3, whel@#%t he pol ymers have an

wherein at least one of the polymer materials is comprised of a siloxane polymer.

2. The semiconductor device according to claim 1, wherein each of the three polymer

materials are organo-siloxane polymers.

3. The semiconductor device according to claim 1 or 2, wherein at least one of the polymers,
preferably all three of the polymers, comprise siloxane polymers which exhibit -Si-O-Si- and

-Si-(CHy)y-Si- groups, wherein x is an integer 1 or 2 and y is an integer 1 to 20.

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

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 632.8nm or higher.
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i ndex of refraction of nore than 1.60 at 632.8 nm or
hi gher and a dielectric constant (1MHz) of 4.0 or
WO owef443%1 7. The sem conductor devi ce accor di NnRCT/BPENY055818
of clainms 1 to 3, wherein the polyners have an index
of refraction of nore than 1.60 at 632.8 nm or higher
and a dielectric constant (1 of 3.5 or |ower. 8.
The sem conduct or device according to any of clains 1
3, wherein e pol rs have_an 10 index
&R GOgAUGPT 41%{%6@ eHdiRIng e anue! g3msg &%@Fﬁﬂ@#@m%&m have an
1n§exY OfMRELa & JIRFHhME HNNINGT at 30BNt oPhicha: an% a dib€ctric constant (1MHz)
sem conduct or device according to any of the preceding
ofct.@bnowenherein the polyners are thermally cured at a
tenperature between 180 and 450 C. 15 10. The
sem conduct or device according to claim9, wherein the

7 PleYsBREHnaE@oCAVRR 20EdrBing to GAYTHF AainisONtods, whRlinBle PdBaters have an
and UV radiation. 11. The sem conductor device

indexcofr igfragfianfanee thag 1od0 ate32\§hum er hightieandal dipteetsic gpestant (1MHz)
05353}1 %red 20 with thermal heat and then further
ocessed with chenical mechani cal polishing. 12. The
sen1conductor devi ce according to clainms 9 to 11,
wherein the polymers are first cured with t her mal
8. H&l&tsewnfh*féw Jeyiceresordingrie annpt Haigsdy {p btvdigrey thgpglymers have an

1n8&98ﬁ?§raftal of orl%fgﬁéﬁ mﬁ%@%rﬁ bor %Kiarcﬁld%c?gﬁn%' Mobius higher

any o erein the polyners ar

thhm é8t@Ph.i n a UV radi ati on step. 14. The sem conduct or
devi ce according to any of clains 1 to 13, wherein the
polymers are first cured with thernmal heat and then

9.FHetsBRcoRIRGESES ke Web dtd g%hﬁy%f B SRRBARR1RAL, 'vﬁﬂa&é’iﬂ the polymers
30 and are then subjected to a final thermal or

are theirmglly Whe@ 80y feinp4 Bifdre PEFEPA80 ANO3HBAZ 39 15. The
sem conduct or device of any of clainms 1 to 14, wherein
at | east one of the polyners has an index of

10. afhe dethicoRdditdif RV RB @@c&alnge@aam 8Nwherdin tAE pHARrs are cured with a
preferably less than with color filter | ayers

cosmbipdtion afitkareal kass anhj¥rradiation.si bl e wavel engt h r ange.
5 16. The sem conductor device of any of the preceding
clainms, wherein the first polyner
11. The semiconductor device according to claim 9 or 10, wherein the polymers are first cured

with thermal heat and then further processed with chemical mechanical polishing.

12. The semiconductor device according to claims 9 to 11, wherein the polymers are first

cured with thermal heat and then further etched with a dry etch plasma process.

13. The semiconductor device according to any of claims 9 to 12, wherein the polymers are

treated in a UV radiation step.

14. The semiconductor device according to any of claims 1 to 13, wherein the polymers are
first cured with thermal heat and then further processed with chemical mechanical polishing

and are then subjected to a final thermal or UV curing.
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has an at |east 1% higher, or nore preferably at | east

5 % hi gher, index of refraction than the materi al
waledorni4sgl t he aperture. 17. The sem conduct or PEVER®OT55818

any of the preceding clains, wherein at |east one of

the 10 polyners conprises the general chem ca

structure: 12 1, R Si- ~Si Q39 R3 R1L Rl wherein: 15

Ri is a hydrol ysable group R2 1's an organic

crQsslinki.ng group, .reactiv | eayi ng gr.ou

p&ga heseptipqdyctof e Yo SHiTBS éﬁ%g‘b el blenstons Af the

Ofpogll[ﬂerﬁﬁaﬁsva!nqﬂéex STHER2 DN AFFALKE of 1esR k@MY or RAdEY Bﬂélferably less

aryl”, polycyclic group or organic containing silicon

gtloud). Oandth2®l®Filies layelrardgibngidro-teadayer atovisihichea elength range.

bi val ent hydrocarbyl group, aromatic group,

pol yaromatic group or polycyclic group. 18. The

S QB TRNGUGEQHduEBY HEECASTRK Gf ik frécedt AindshRhOERCRE FiRg polymer

clainms, wherein the polyneric material has been '

mbés 41 eidedsy | Yot ey orraneie praferanbirid peast 3 & igherpmdegof rpfraction than

sem clor. ' cording to claim 18, wherein

p%&&%@%ggékﬁgﬁgﬁﬁéggﬁﬁﬁ% 1 to 500 parts by weight,

preferably about 5 to 100 parts by weight, in

particul ar about 10 to 50 WO 2007/ 144371 )

PET/ BP9 semicondsia deyige ghrrxofifhe Resceting elrimandisiin pidpasg one of the

Wi j - mer to forma

R Bt g e ANl ARABY T e

sem conduct or device according to claim 18 or 19,

wherein the nanoparticles are 5 selected fromthe

group of netals, nmetal alloys, netal oxides, carbides

and nitrides and ﬁixtures t her eof .

o
Rl—Ti\R 3/Si—R1
R, R,

wherein:
R, 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,
alkenyl, alkynyl, aryl, polycyclic group or organic containing silicon
group, and
R3 is a bridging linear or branched bivalent hydrocarbyl group, aromatic

group, polyaromatic group or polycyclic group.

18. The semiconductor device according to any of the preceding claims, wherein the

polymeric material has been modified by incorporation of nanoparticles.

19. The semiconductor device according to claim 18, wherein polymer is combined with 1 to

500 parts by weight, preferably about 5 to 100 parts by weight, in particular about 10 to 50
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parts by weight of nanoparticles with 100 parts by weight of the polymer to form a

nanoparticle containing composition.

20. The semiconductor device according to claim 18 or 19, wherein the nanoparticles are
selected from the group of metals, metal alloys, metal oxides, carbides and nitrides and

mixtures thereof.



