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S| LSESQUI OXANE RESI NS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] None BACKGROUND OF THE | NVENTI ON

wQ 0®o2j112nt i refl ecti ve coatings (ARC) are one PET/URE09/032907
essential materials used in mcrolithographic process.
Typical ARC materials are expected to offer at |east
one of the follow ng advantages: controlling line
wi dt h by reduci ng swing curve; reducing standi ng wave

reduction, planar iﬁﬁ#%gqm& i]\mt ﬁﬁgﬁ\@ efl ective

not ching. As the pa I'ng teature size shrinks to
sub-65 nmin the mcroel ectronic industry, trenendous
chal |l enges for new nmaterials have been confronted to

CROSHBERERENGH SO R TED AR HONDF themis the 193

[0001 ﬁo"ﬁ@“ reflective coatings (ARC), because the 193 nm
E otoresists have a very thin layer in order to get
the right depth of focus and resol ution and do not

There are t i dBAGRAHDERD Bk PRRnIPRE C7or f05°

[0002D RARE 2R éd‘aﬁhﬁgsodﬁiq DOLHAD the eNeBAR ate@Iused in
Silicon-based naterials. Inorganic based naterials

microfjograghicyproans. diypics] AR€onatoxyln iaterdxghect¢Sio- @it legstlone oh the

nitride, (Si- nd..sili car bi de. .Because they are,.
follow}fe i G cBh o RREHRE widiR By SRSy SR S Gt Hfine
wave FdIQE@EH) ipfanRASRGN MRl SreflaMs eot@lin £ Ms tRXyARMmifs Edature size
resi stance. However, because these materials are

shrinkste gebc e nsin ity wissedlecaionicapdustiyefiosendonn cliablempes fohegw
i e ; ; e '
R G i T

antirefledtive oy ptinpa | ARICY esahisse WY £53SnrA phatosdised Ieive Agegothéh Tay&@Tin order
I s used. Thus, the% are generally retained in
F

to get Jasiighd depth of herus A esalalﬁgr} apghdo B9fgﬁfﬁréuf55§@ali&1§n@bsorption and
con SRR L 0 SR L S0 MR
inoreaniid, borbarpd, ciadl sdicoiantes. m:teney dnoretiiepactd motriaé sererdiygiontain
silicon oxynitride (Si-O-N), silicon nitride (Si-N), and silicon carbide. Because they are
oxidized into silicon dioxide in oxygen plasma, these inorganic based materials have
excellent oxygen etch resistance. However, because these materials are produced using
chemical vapor deposition (CVD), they can not be used for patterning planarization. In
addition, typically, these materials cannot be removed with typical etchants unless a harsh
etching condition is used. Thus, they are generally retained in a device. On the other hand, the
organic based ARC materials are spin-on based materials and thus can be used for patterning
planarization. They are reworkable with typical etchants. However, they do not offer high
oxygen etch resistance. Moreover, because photoresists and organic ARC materials are both
organic materials, organic ARC materials do not offer CFx plasma based etch selectivity
required for stripping off ARC layer. The silicone based ARC materials are silicon based
spin-on materials. They are expected to have advantages of both CVD and organic ARC
materials.

[0003] There are many challenges for making Si based ARC materials. The materials need to

have appropriate refractive index (n) and coefficient of absorption (k) at 193 nm to match

1
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oxygen etch resistance. Moreover, because photoresists
and organic ARC naterials are both organic nmaterials,
woe@ania2ARC materials do not offer CFx pl asnaP@EESH09/032907
etch selectivity required for stripping off ARC | ayer.
The silicone based ARC materials are silicon based
spin-on materials. They are expected to have
advant ages of both CVD and organic ARC materi al s.
. 0 The [ n hal | en for _.naki '
with theehilbe S0 2fs Ml IR NeeG0F by S0 41 P TRS L BsphestfRSe
tempefi@ifeatdvarehdnte((fo) fanarcaehid pioesdsingf Thbdsatepihl rdf k) be
at 193 nmto matchwith the photoresist. The materials

compy g with phatoggsish Brignq igtermpging W/Wifﬂasi% g@quﬁ(é) $¢ that no scum and
footin%%g@&ﬁr?ﬁ &'H&ﬁ%&ﬂﬁ% S ﬁqFa?térg ngsg' %%&}Efr,atﬁé nf ﬁbﬁéee%ymﬂ??]e resistant

W
essI1 ng. e materi al nee e COﬂ"Satrl
to prophleh©glgsolahethyitetinre acethte (RGMEW), athdf ompidilf phstocsist solvents, and

vuses S S o S R ALE, DS BREREL 1 e i i can
withstIBd Sfdrrod8Qd STHr IREaIE S Sdedlt fbe fe dPEBRY 0B REN G aY 6P%he materials.
nmet hyl "ether acetate (PGVEA), other typically

Finallphtbe oraggiadt meo|be entysstabdaat ioasgemperetwraor petengdiimen pionth with
. a ni um hydroxi de (TMAH) after cure so that the thin
no Slgfl]:ﬂzr.ér?tcrgﬂle%ﬁ%%’?l ﬂtdgrﬁg/'{\@r processes. The filmalso
[0004] Se€5cnthififg Rk 8sskRtiallyeiey add BE buffer iteil dlble and thus
Finally, the materials nust be very stable at room

the Sitld apetpiatngrraatpials gsed fendRG snpbisatinnsare patertiiafy reworkable. Si-H
significant nol ecul ar vvem_gm growt b [0004] Si-H

contaiggig: AP ¢RI X ARt BPiNaPeh 2y E Bssabd Tail| ycipksecuagrhatilpw temperature
buffer solution soluble and thus {/hepSir H cont ai ni ng

and ShHtconfaaling sisseshvioranARGimppéh eal i BnsT arle where Rt iis alplolyether
rewor kabl e. Si-H containing silsesqui oxane resin such

groupapg aif efteipgi@u; ve aptepiéal @p petgretectivewortetgpaatatiyds Destighble

j - F L0 i | [ resi h. T, T .
pone s AL BV D AU 100 S LD AR T il
and apoigganicicatbodsindsldyegf haetdid &/ glicmadonfegit FBO6vtvalnSorder to get high

Desirabl e properties in ARC resins include being polar
oxygehpldsaacetdietetistancoanpldti gib CFj; plasmh elvhaelpbtitior aslitb¢ fratomah groups
organi c carbon underl ayer, having a silicon content >
on the3@simned 19 herrdatively sgetl thingtgate the outgassing problems and porosity

problems. It has now been found that resins that have an aryl sulfonate ester group are useful

in ARC applications.

BRIEF SUMMARY OF THE INVENTION
[0005] This invention pertains to silsesquioxane resins useful in antireflective coatings

wherein the silsesquioxane resin is comprised of the units

(Ph(CH2)rSi0(3x)12(OR")x)m
(HSi03x)2(OR")x)n
(MeSiO3-x)2(0R")x)o
(RSiO3x)2(0R")x)p

(R'Si0(3.42(0R)y)q
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oxygen plasma etch resistance and high CFx plasma etch
selectivity and the functional groups on the resin
woe@d/11a2be relatively small to mitigate the ORPCTHSHDNQBE2907
probl enms and porosity problens. It has now been found
that resins that have an aryl sulfonate ester group
are useful in ARC applications. BRI EF SUMVARY OF THE
INVENTION [0005] This invention pertains to
SI| n f nt.iy.efl e
cda | n slsv\lr@ élrﬁ? %\/Ie gle&éeﬂﬁ}(lc%{&ﬁéﬁrgsiﬂ%&g%en ) Orsed
hydro@drbbi group Ihhﬁmg BMICH?O 4} Eﬁb&i Btorﬁs R/i2 se(léﬂiéd) frfm )am a(rﬁlSuE&i’ate
x/é}@( )n (MeSi ) 3 x)/2(0?' X )o (RS
ester grpop ol 3 kuXt)“f? QR S DS UK ITRSE Qroupishthe iy aeny aﬁﬂé‘&fpmc
acid glg(g@:kglg}a[r}% dﬂrr]oc‘vgl?oof}g& 1{}?‘[116 ﬁﬁﬁpﬂt th i(ﬁltgﬂ XPR;%%&(;%P‘&H%Q& Is@ter

aving rrom n-ato

groupb; Sanﬁeﬂ lectadedd F}Hinasrﬁbﬁ[tﬁded EHM}@% u?s estef I‘&lﬁ %lﬁlﬂg:r @roups;

m xture of an aryl sulfonate "esSt grou

mercaPEHéréap<€Ahd AaytiveSaH cufiblCordgnid fﬂfc‘ﬁ@ﬁ’al\gr&ﬂpst Rl Iﬂfa@\!ilvﬁﬁle of 0, 1,
that in the mxture the majority are ary

2,3, g £k bane valee pED. lg@ro% perereimen tRe »r@us@l @étae/@,lmrocﬁwo 0.95;: nhas a
value éf Q@% St,é Hbgdo Ra ené’alueggtoéJ 8§ to (? §§ & had" OV%.PUC on)%Z%e[f) '6%'[ q has a

groups,  and’ 1’ ac i've or curab
value Of §@&30.5; ﬁﬂwﬁw @mai +f mfps VeReh thedeassifs Mahb@l i@fanBreflbctive
2, 3, or 4, x has a value of 0, 1 or 2; wherein in the
coatingaghey prokigls gaod witengpleraguiegutrbd8y and reasorableal MAbfesistance. In
0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
additigy| theeprissenge 0bs (HSIQp/3 ung im e sasvamaéar@freﬂnﬂ%ew@al Eorghe

des1reg]ﬁp{er}g;pegggq 28‘@ sé%%linﬁ\é&esnat ]t,?gy SI gtg@ d%cf ged na ly, these resins
when LGIRET AT EEFE BRIViAd o){nﬁﬁ‘ﬂhﬁgeé‘ﬁt%ﬁ BhRnd VRl ah@Sich bROGGity
In addition, the presence of (HSiq 3/2) unit in the

pr0pemels sehslg Lblemgalpphcraé)m UpiNSSpEs oR applaiatlbm techingues.

DETAILED DESCRPTION OF THE INVENTION
[0006] The silsesquioxane resins useful in forming the antireflective coating are comprised

of the units
(Ph(CH2);SiO(3.x)2(OR "))
(HSiO(3.x)2(OR")x)n
(MeSiO(3.x)2(OR )x)o
(RSi03x)2(0R")x)p
(R'SiO(.x)2(0OR)y)q

where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl sulfonate
ester group and a mixture of an aryl sulfonate ester group and the equivalent aryl sulfonic

acid group with the proviso that in the mixture the majority of R are aryl sulfonate ester

groups; and R1 is selected from substituted phenyl groups, ester groups, polyether groups,
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desired cure properties and strip-ability as a 193nm

ARC material. Additionally, these resins when used in
WORGYa oAl ngs provi de out standi ng optical, meckernUsANI/ 032907

and etch electivity properties while being applicable

usi ng spi n-on application techniques. DETAI LED

DESCRPTI ON OF THE | NVENTI ON [ 0006] The sil sesqui oxane

resins useful in formng the antireflective coating

' f th [ P i 2
merca%oﬁgr%ﬁ@ &ci?e%:t ‘f %r&%rsy%?el(ér%a{w@%%%&l%&%pg; T)@g }Bas )%)g(z)?iu)e of 0, 1,
2, 3, drBSk G483 102 of OR' 9r 2% wherdiinSheX i/ A @R ajuexf @ tw0E15en has a
Ph is a phenyl group, Me is a nmethyl group; R is
value R 8108 o Ot ©hor VAU et i BT Rghs Al Pri % aifgs 2
value %f ?% 8‘3“;11{55 B8 +% Jfr? +5 ,L q%v?lgrefn[l,or{poaﬂ a ﬁli %ﬂ arg lﬁllglg ﬁ?(t,t?ons.
ester giroup and a xture ‘of "an aryf*sul fonate ester

Typic@ll Phithad Ad/atdeefOGH 0], gifdrnawly @ 0kd 000 Cal e adivelyoupo\. th
t he %roviso that in the mxture the majority of R are

Typicallyn hasp yenaprkl-43txf 4grdaputivelnd- R tpd-selwicadly g hagm value of
0.25 5 839t hitdth &l RNE bo (9'79”?2%188131 e;gflas.ge{ QHRSof PO tl%ted'.]ﬁf, alternatively

groups, nercapt o groups, ctive or curab
0.03 to0daniTypiaaiig jihanalvalge otipso 0 2naltarndiaslyad wal. U atbrnBtively >0 to
2, 3, or 4; x has a value of 0, 1 or 2; wherein in the
0.15. (¥ké¢rrsilmohagnigs sngh ae Std4/Hmap aBo B8 pravefras tlze resihue of
0.05 to 0.95; o has a value of 0.25 to 0.95; p has a
[0007 & ircind¢pendorly & ydyosn agorn g8 hydroedrben gioup hevng 150 4gadpon
Mgt N+ 0 + Dok 1. {wher n an ). are I
stomst i afphCerbufpifiedpt o4 HUERE. o Dprgfsty Rod T 3051 TRY fert-butyt
[00083 11 genedin Rek ¥n BryD stilforAtellter @lduprraptientddyby>Bie fF@nfilal O.
Typically n has a,value of 0.15 to 0.40, alternatively
R™0-804-Phi(CHY),3.whieypRC &, iy abiphuais oa aw atoueatiothyOra2brbbo gbhuphaving 1
alternatively 0.40 to 0.75. TJypically p has a val ue of
to 10 EarB@Patbs AndPis Bldefh&iiove! E‘(2 may be exemplified by, but not limited to,

(CHz)>CHy-, CH3- CH3CH,- CH3CH,CH,-, (CH3)C-, (CH3),CH,CH,- and others.

Because of contaminants in the materials used to produce the silane having a sulfonate ester

group and the side reaction during resin preparation, R may also be equivalent aryl sulfonic
acid group (i.e. HO-SO»-Ph-(CH»);-). Aryl sulfonate ester groups may be exemplified by,
but not limited to, (CH3),CHO-SO»-Ph-(CH»),-, CH3CH,O-SO»-Ph-(CH»),-,
CH30-S0O5-Ph-(CH»),-, (CH3)3CO-SO5-Ph-(CH»),-, CH3CH,CH,CH,O-SO>-Ph-(CH»),-
and others.

[0009] R1 is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, and reactive or curable organic functional groups. Substituted phenyl
groups contain at least one HO-, MeO-, Me-, Et-, Cl-, and/or other substituents. Ester groups

may be any organic substituent containing at least one ester functionality. Examples of ester
groups useful herein are -(CHy)»-O-C(O)Me and -(CH»)»-C(O)-OMe. Polyether groups are
an organic substituent having hydrocarbon units linked through oxygen atom, represented,

but not limited, by the following structure: -(CH2),[O(CH>CH»)p]cOR’, or :
4
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0.03 to 0.15. Typically g has a value of 0 to 0.2,
alternatively 0 to 0.15, alternatively >0 to 0.15.
wa@xdvenidel i cone units such as Siq 4/2 may al soP@BEUS2009/032907

present in the resin. [0007] R is independently a
hydr ogen at om or hydrocarbon group having 1 to 4

carbon atons. R may be exenplified by H nethyl,

ethyl, propyl, iso-propyl, n- butyl and tert-butyl.

n the resin Ris an ary sul f onat e ester oug

[)ooong'é
-(CHydpX eehtlddpyplc AR rhastin 4 =2 23 1@ b-sbe @ 7 efp

where Ris, an aliphatic or an aromatic hydrocarbon
-C(O)gitpu plklawr n@eﬂo@amig gld@psaEbanplas ohpolgetblerrgrowpsaseful herein are
defi ned above. R may be exenplified by, but not

(CHj)!; @CEIQCH@)C (()MEB)(Z‘EH% (OCKHLGH, (CHBKHAd - (GH@Q@CH%CHW OAc

- and ot hers. Because of

and (Q@J}%E@@ﬁ%ﬁz rb@h?)l\lf@faﬁ& L (@}E)&[@)"EQH‘Z@H@@HQ%@H he

["ane haV|ng ‘a sul'fonate ester group and e side

(CHQ@@@%@E&QE@HH 9? dﬁ%f Mc?régpg(g 2 &u&? gzbve t?gggne?al%grmu%a HS(CH»),.
Where'_llc?é 28 {'B%agh% %] Ex%m}[)l’ég ¥t mﬁlllé n]igt?gg&'ﬁ)o sGRd RErc3pBpRpyray

e exenpl | not
merca@@ldﬂl)y?,@h‘lﬂ)ﬂﬁ@?&pﬂhn«ftﬁjﬂ ReactivEbiBEHaDe SCPnRHfuficida) gropps may be

- Ph CH3) 3CO- SO2- Ph-
exemﬁﬁ%gﬁ&fa%&w)wkwﬁwéﬁ gt Herdy! Wﬁzﬂ} eRgxYgEroups such
as gly@ﬁb?ﬁr@ﬂylfgﬁr&{ﬁ a?fd%%ﬁféﬁz%ﬂe}p bRuy! aﬁl%%‘?@up@%{lﬁ{ aggroups,

pol yet her “gr oups; mer ¢apto groups, reactive or
methacmoambrepy)lrgampsc acfrulwypropfdl, aggt others. Substituted phenyl

S.C ne.HO .. MO, Me-, Et-. O- :
10010318 bGP isPhod BlerTiane 8% pEap iofg pahaalp s O fparotysis and
condeREAidA10¢ t1UPPEdpiid@ilafQN R MisndetBbd (t8apdssDNEthaSkStual -OH

functionality. Exanples of ester groups useful herein

and/ogr(R- yifiHpmp . Qe Qjskasuigrdne fesppasyeglio)timmpleisihydiohysis or
condegga%;éﬁs IIfatilg tog a}%{&%p hfc urﬁg q& IEﬂe #Igghuf%@%enlgmﬁ)éggt%ﬁf% gb ORr’

groups, exceed 40 mole% then gellation and instability of the resin may occur. Typically the
silsesquioxane resin contains 6 to 38 mole% of units containing —OR’ groups, alternatively
less than 5 mole%, alternatively less than 1 mole%.

[0011] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of
500 to 200,000 alternatively in the range of 500 to 100,000, alternatively in the range of 700
to 30,0000 as determined by gel permeation chromatography employing RI detection and

polystyrene standards.

[0012] The method for preparing a siloxane resin comprises reacting water, HSiX3, MeSiX3,
1
RSiX3, and optionally Ph(CH>),SiX3 and/or R SiX3 in an organic solvent, where X is a

hydrolyzable group independently selected from Cl, Br, CH3CO»-, an alkoxy group —OR’, or
other hydrolyzable groups. The silanes useful herein can be exemplified by, but not limited

to, HSi(OE#t)3, HSiCl3, PhACH,CH,SiCl3 , and PhSiCls, MeSi(OMe)3, MeSiCl3,

R%0-S0»-Ph-(CHy),-SiCl3, R°0-80,-Ph-(CH),-Si(OMe)3, R SiCl3 and R’ Si(OMe3)s
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but not limted, by the follow ng structure: -(CH2
)a[ O(CH2CH2 )b] cOR\ or :-(CH2)a] O CH2CH(CH3)) b] cOR
wob@eein2a = 2 to 12; b =1 to 6; ¢ = 2 to 200PCRUS200944)32907
-C(0)CH3, al kyl, or other organic groups. Exanples of
pol yet her groups useful herein are
-(CH2) 3- (OCH2CH2) c- OVe, - (CH2) S- (OCH2CH2 ) C- OH and
(C}Q ) 3-(OCH2CH2 ) 7-OAc and - (CH2 ) 3- (OCH2CH2
C»N@ and - (CH2 ) 3[ O CH2CH( CH3) %% -(CH2
Where)%[ @(ag;ﬁe a@qgc; )]‘él@@gﬁg;ents qu]éxj gémg)r E;'Spr%gqté ap jgthyl group and
general formula HS(CH2 )r . where r is as described
Phrqﬁﬁﬁ?@ PREBRIEEP-of nercapt o groups are mercapt opropyl
[0013]FhE %M&%Hﬁéﬁmn@ﬂ%&?&ﬁﬁ)ﬂﬁ@'@%h ¥loup B%@Qltsb Y€ pRdubdd ﬁ%tﬁ‘ during
organi ¢ functional groups may be exenplified by, but
the reauion|tp mctdsde the redik byy$ing n clips sy the gariemtliforanda al | yl ;
epo oups such as glyci doxypropyl group and
X- SOe—é’dee/ xang rag 3fsohalcefythe genegpl derparls BOW! where X, r and R are as
nethacryoxypropyl groups, acryl oxypropyl, and ot hers.
descrip@dilftjve THéprteypnplal ChBOL-dth- (b, ) p8 OCkLamid rag aldodol such as isopropanol,
si | sesqui oxane resin involves the hydrol ysis and
methapoh déasaltar oipupflanohmag pp adged tattee wattamepixtBy resultgg in the
method it is possible that residual -CH and/or -OR
formagipn pf Revfat- Rhi(EthheSlXB IvedythieoRedrelyzesind cpgdenseewith thepgther
i ncompl ete hydrol ysis or condensation. |If the total
SﬂaneéFﬁ)IBFﬁfiu‘ES"ft fRICLAYIPRAPRESH) | sesqui oxane resin cont ai ni ng

[0014;] The sifs ? i O?)f%‘s%g g@ c{ﬁﬁéégnn al%‘#r@sjéh ) Illveent. Any

occur yplc
suitabdd drgesiqur tkene sbh&nnthaoduea mnsCoﬁltaim a :Bl&hctmhai%r@fp wiich snay
cont.ai ni n oups,  al ternati.vel Iess han
partcligiegheupRisrinat ol 1 Epistedatiadeating (OCt i roggin the
s11ses<§h!)§a%§ %Hn?xﬂﬁkesdi@:%k R Jeasraf Yi@écﬁhtan%ﬂl%ﬁlﬁg@f 4mt)@<8l’ufé‘11§ht percent
(Mv) in the range o¥ 00 to 200,

based@lnttbfr to)ml |W(p@h)t of polvérg an@ﬂl@eaj@acm@s taberm@m)vemm to 90 weight

| ternati.vely in the range of . 700 to 30,0
perecile 15F ARSHT By SRR RAR b L ARt SRRy & W18y ng
[0015RUseRN 8&hhiRRoBRA:s PRlyelkeRPRIIE! BYIhak Ast 1irhi&€1td] saflifted aliphatics

met hod for preparing a siloxane resin conprises
such gsgppaniang. hexees, n-hpiaxs. andypsicsape; cycloaliphatics such as cyclopentane

and cyclohexane; aromatics such as benzene, toluene, xylene, mesitylene; ethers such as
tetrahydrofuran, dioxane, ethylene glycol diethyl ether, ethylene glycol dimethyl ether;
ketones such as methylisobutyl ketone (MIBK) and cyclohexanone; halogen substituted
alkanes such as trichloroethane; halogenated aromatics such as bromobenzene and
chlorobenzene; esters such as propylene glycol monomethyl ether acetate (PGMEA), isobutyl
isobutyrate and propyl propionate. Useful silicone solvents may be exemplified by, but not
limited to cyclic siloxanes such as octamethylcyclotetrasiloxane, and
decamethylcyclopentasiloxane. A single solvent may be used or a mixture of solvents may
be used.

[0016] The reaction to produce the silsesquioxane resin can be carried out at any temperature
so long as it does not cause significant gellation or cause curing of the silsesquioxane resin.
Typically the reaction is carried out at a temperature in the range of 5 °C to 150 °C, with 15°C
to 40°C suggested.
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RSI X3 , and optionally Ph(CH2 )rSi X3 and/or R Si X3 in
an organic solvent, where X is a hydrolyzable group

w0 pabepeneent |y sel ected fromd, Br, CH3CO2 -,P@E&mNUS2009/032907
al koxy group -OR, or other hydrolyzable groups. The
silanes useful herein can be exenplified by, but not
limted to, HSIi(OEt)3 , HSIA3 , PhCH2CH2SI A3 , and
PhSi d 3 , I\/bSi(OVb)S , MeSid3, RO SO2- Ph (CH2 )r

[00172?? ?8\%[ S%ﬁﬂses&uloxzage fres§n ds%\é%%g’deht a nunégeé SE& factors such

as the mhbathtuger hitypElind 8peas entitand ReRtanyw, agl MU rarrfmdt cHh:atalyst, if
resents a phenyl group. [0013] The sil ane
presertoryaicalY éleaﬁaogpy Hmep figphteacial Mg e upvesdnonrss Prseskilled in
the arp\;vﬁpﬁ’ec%qie Jtor}eﬁlkpde%fﬁhﬂkgt H@fner @& %h&r{o l'K:Qm e?edtlﬂg Ceaclibn. Catalysts
y using ane having t ener for mil a
that Hﬁymsﬁlto(f&ﬂﬁbaw tSBB )@cﬁmd iratuda) mahd nc@ﬂmtlhad tganieicalcid, sulfuric

wher e X, nd R are as descri bed above.
acid, %§$ Hg%*h“f?bgﬁﬁpl 4; ABY3-- Si x3 and an al cohol such
[00182201611%8 g%@%@tlon%?Eﬂéqgﬁitlon%é@ﬁﬁ&st%a bemf)ttly)hﬁﬂpﬂen{W¥d

to'the reaction mxture resulting inth
Methdds forarteimomingfthRe 8O stRine (vEHRNow B X@ anhinchwatlé mclude neutrahzation

drol yzes nd condenses r . silanes
stnpplrg(?;/g SH YIRS 1§1rg|o§ ggla%ngg% Vﬁl?rggé C[Cégi may élegatlvePy impact the
shelf $flel of @5ili ORBNE ik &PediallP whiP hf:saihhtibnnh@ﬁw&dmlvw it B@ggested.
resence of a solvent. Any suitable organic or

[0019¢ n. th@@mg:egbfov amkingtthe sifeeanioone sesin. after the fepstien sreamplete,
volatifek %‘E}D V&Pﬁforg%ﬁet élf:sefcg}ﬁ%(ahg retsgl solﬂx%r Qf Xglj r%d%%ﬁ é)reossure

co nsa |on reacti

Such Scblhtile§mdhﬂ1§ ansehme@ -produdig eseésy enter) @tgm e}ryalkdcyndmadld n
nt of 40 to 98 wei g percent based on the
<Ch10r9 ﬁﬂaap r%é?@ [jfd splvens. vM%hO% @rgﬁmaﬁ@g vekgtes ﬁff‘sknown in the art and

umhx%lﬁﬁ Qghggqhy ﬂ%oho 90 wei ght percent. The reaction
out as a dual phase or singl e-phase

[00203; FSH@\M]ng[tﬁ)@ﬂe@tlddsteﬁmee geersilse sy 0low et 1$s1rmynulm§)er of optional steps
exenpl.ified b but. not . limted to, saftu .

may bg|G %’E:thué © %tlﬁ A ESlse oA aReres R dif esﬁe‘{]g%’inaﬁ{éieméfﬁid

concehﬁ'&’cﬁﬁlt HH? exé-‘rﬂﬁlls oak kﬂ’é@:@ﬁdl@)@ané lr'€s|ﬂ1 f‘h%y BY @b&ﬁﬁﬁ‘ﬁt@ﬁ‘ 8y &oving the
cyc ohexane; ar omatics such benzene, tol uene;

solvengy [Tdn meth@s)ftsylven@;emwaies gotslmio;a]a@gld numerous methods are well known

in the art (e.g. distillation under heat and/or vacuum). Once the concentration of the
silsesquioxane resin reaches to a certain concentration, the resin can be diluted with the same
or another solvent for a particular use. Alternatively, if a different solvent, other than the
solvent used in the reaction, is desired for the final product, a solvent exchange may be done
by adding a secondary solvent and removing the first solvent through distillation, for
example. Additionally, the resin concentration in solvent can be adjusted by removing some
of the solvent or adding additional amounts of solvent.
[0021] This invention also pertains to an antireflective coating (ARC) composition
comprising

(1) silsesquioxane resin comprised of the units

(Ph(CH2)rSi03.x)2(OR)x)m

(HSi0(3.x)2(OR")x)n
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tetrahydrof uran, di oxane, ethylene glycol diethyl
et her, ethylene glycol dinethyl ether; ketones such as
woreaobgliignbut yl ket one (M BK) and cycl ohexanoneCT/US2009/032907
hal ogen substituted al kanes such as trichl oroet hane;
hal ogenat ed aromati cs such as bronpbbenzene and
chl or obenzene; esters such as propyl ene gl yco
nononet hyl ether acetate (PGVEA), isobutyl isobutyrate
and pr%ﬁﬁlﬂyropionate. Useful silicone solvents may be
exenpl (Yeea@®®y)2@OR ot |inited to cyclic siloxanes
such as octanet hyl cycl ot etrasi |l oxane, and
decane(RyiQgy¢)/npRiLdsi | oxane. A single solvent may be
used or a mxture of solvents may be used. [0016] The
reacti@m%ﬁ@egygdm@ggghe si | sesqui oxane resin can be
carried out at any tenperature so long as it does not
cabse B gnipheoyrroge Maisiaonetbyl graws &’ duhydrggenfatder a

bR LB L6 L P St B ST bt
group? thiRfresWrt dh Ay0&ifboRad AEr Sa98sd 86 b PQ4icht e lifolR 4R group

formthe silsesquioxane resin i s dependent upon a

with tH&IpReTsoAhat iR EHeQhixnib e ASjofifyotReARAFALUIfnatd Ekertyihs; and R!
and anmpbunt of silane reactants, and the anpunt of

is seleetiddtons bubstifutdd giRant grodppeaad dryupshpolyedet rotipd; indecaps groups,
fromseveral mnutes to several hours. One skilled in
and repgvepricuigblg onganig hnetipenl eeips) 3hddehag prehie of el feor 4; x has a

value BF@,elséizi;XVﬁe eift fﬂf'me%s?n sTaQARLe! & to 6F 5?5%% Evtﬂtﬂéibf 0B to
be used'to tfacilitate the reaction include, but are

0.95; oats 4 vatiu¢ of0.05 fo QOSyp basacvaliye «fifl.Gutol @5;achad,a wililef i to 0.5; and
acid, hydrochloric acid, and others. [0018] Foll ow ng

m + neogpiPet {anl-01% he reaction the catal yst may be
opt:i renoved. Methods for renoving the catal yst
aﬁ%bagﬁkgﬁhOM/in the art and woul d i ncl ude

[0022h éisefubkolzatts G incdidd, ppi arg notrlimaddeto, Wasdthoxy-Bpropanol, propylene

elycof BEBRITC P HG SR Y DA HR i e BLP Fnadp dbiopecghers

The ARTEBorhfosHU ity pRMIY Wﬁ‘)(ﬂls%§ fORMBko H$ 9 SHEIRHBAbast@B He total
In the process for nmaking the silsesqui oxane resin,

weighabf te ARYE competiiian alterneovgdy 80 & 95 wt %.

[0023] The ARC composition may comprise a free radical initiator or other additives.

Suitable free radical initiators include peroxides and photoinitiators such as benzoyl peroxide,

dicumyl peroxide, azobisisobutyronitrile (AIBN) and others. Typically the free radical

initiator is present in an amount of up to 1000 ppm, alternatively 10 to 500 ppm, based on the

total weight of the ARC composition. The other additives may include, but not limited to,

photo-acid and thermal-acid generators, photo-base and thermal-base generators.

[0024] The antireflective coating compositions are formed by mixing together the

silsesquioxane resin, solvent, and optionally the free radical initiator or other additive.

Typically the free radical initiator or other additive is added to the coating composition just

prior to its use to prevent premature curing.

[0025] This invention also pertains to a method of forming an antireflective coating on an

electronic device comprising

(A) applying to an electronic device an ARC composition comprising
8
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vol atil es may be renoved fromthe silsesqui oxane resin
sol uti on under reduced pressure. Such volatiles
wo pwbada2al cohol by- products, excess water, caPGil/ys1009/032907
hydrochloric acid (chlorosilane routes) and sol vents.
Met hods for renoving volatiles are known in the art
and include, for exanple, distillation. [0020]
Fol l owi ng the reaction to produce the silsesqui oxane

resi %%%gq%gfp{ang‘}es?&éénga&'ed%%ﬁBSunﬂ?y be carried out to

obt ai'n sesqui oxane resin 1n the desired formor
desire ih At r’Fgr exanple, the silsesqui oxane
resin ﬁ?&eggﬁgéﬁgékggétgﬁmby renovi ng the solvent. The
met hod 0of. sol vent ,renoval is not critical and numerous
nethod%ﬁé¥§3ﬁéﬁ£ﬁ%h§%n inthe art (e.g. distillation
under heat and/or vacuum. Once the concentration of

t he siK¥@§ﬁhBﬂxﬂﬁﬁvhésin reaches to a certain

concentration, the resin can be diluted with the sane
or anotR&IOse)MOR)Hr a particul ar use.
Alternatively, if a different solvent, other than the

soIventRUBGQ*VﬂoRhgx{eaction, is desired for the fina

product, a solvent exchange may be done by adding a
sedoredd iy agberdrrognda Browethy droep; R’ rishydoganemdm or a
through distillation, for exanple. Additjonally, th

hydropgbg g@aﬂ BB¥IE SOPbh '3 ey BRTVG Bris | e f%glp_éla sy sufonate

ester S8IPMDINFANR Hfantab FRLNVRNE QT or@dFidianaddliitA1eRaky1 sulfonic
amounts of solvent.” [0021] This invention al so

acid gpaptwithn thetppoasp that inrthd mextiievtbe owatritngt RARG)ryl sulfonate ester
conposji tion conprising (i) silsesquioxane resin

groupgorgly sie geledted Femysmypstyuiepiphenyd gragipeyester gyqups,(pofiyeshex graups;
(HSTA(3 x)/2(OR) x)n(MeSi (3-¢)/2(OR) x )o (RSIi(3

mercapip §ipvpspRng reRctyye ({rl;@g}b gt ﬁlergqoglal)grglgq)s; and r has a value of 0, 1,

2,3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.95; n has a
value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a value of 0.05 to 0.5; q has a value
of 0to0.5;andm+n+o0+p+q=1.;and
(i1) a solvent, and

(B) removing the solvent and curing the silsesquioxane resin to form an antireflective
coating on the electronic device.
[0026] The antireflective coating composition is applied to an electronic device to produce a
coated substrate. The solvent is removed and the silsesquioxane resin is cured to produce the
antireflective coating on the electronic device.
[0027] Typically the electronic device is a semiconductor device, such as silicon-based
devices and gallium arsenide-based devices intended for use in the manufacture of a
semiconductor component. Typically, the device comprises at least one semiconductive layer
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.
[0028] Specific methods for application of the ARC composition to the electronic device
include, but are not limited to, spin-coating, dip-coating, spray-coating, flow-coating, screen-

printing and others. The preferred method for application is spin coating. Typically, coating

9
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where Ph is a phenyl group, Me is a nethyl group; R
i s hydrogen atom or a hydrocarbon group having from1l

wo eood/1icdaebon atons; R selected froman aryl subPdDIS1089/032907
ester group or mxtures of an aryl sulfonate ester
group and the equivalent aryl sulfonic acid group with
the proviso that in the mxture the majority of R are
aryl sulfonate ester groups; and Ris selected from

1nvolvelsI Oﬁl‘ﬁmn%ttﬁe elgcgf rHc deq/rlc%u RS dbo & io%ro NtUBR ad@?r{ ytg{: Bl?ic

reactive or

comp@si@c&mocthé btﬁf‘dcb @ﬂ&ie sgrrmurgsﬂleoax@dlcrdeha;s a vaI ue of 0, 1,
4; x has a value of 0, 1 or 2; wherein in the
[0029} EF@P ﬁolwrﬁa%reawaqi ged dhe sgsesguigxas; rein fip@irgd (P theranti-

I )
reﬂec@téelo(goghgg QB %%56190‘[113)8&: (?GVY(%h glrlaté \;a?%gll% ? rgplt?%s B.Qqst{;?lﬁzll}]%cor%tmg to
a suffieiemt tenpesatire fop i;ufflcmmtcﬂl(mtlo)n ta lsxdl tv emting. [ OQ22] oddsssfwiten

are limted t

sufﬁqen}.gp%g@q Il‘%lﬂ; IB%%?\B ace B}cgégqté]heemgpwxa%%%ts ﬁ%entlally

1nsolu%lé1i}ﬁ|th@§ﬁ\tfé?ﬁ EroHAVRRA M%réﬂbﬁ&{ ORGrin8 R yGX& ARBPEOEaple by
anong ot hers. The ARC conposition typi cal 'y conprises

heatinfgrthae @ dlect@@icdenickoas 80 Vene 4hase dordhl th@) motudds, akedrgdtitvely

150 G 33y s ShAC BorpIGIe B b oar s 4h 220 7 B i Lginutes.

Any rhdthdd Gt 1¥atifg nf@ lb@ﬁlséiﬁdiirﬁllg\/c%eur | kb | Eorfek @8 pleagie eadted
initiators 1nclude peroxides and photoinitiators such

electrepjc devigopay pe plitds a giaciariyhe f,gmagy,,c@gvectlon oven or allowed to stand
on hoﬁfz]lgt%% S IA%%?H%}XI htera!ntl reﬁ&ltllé&oa%ﬂl% c%}l %g cured ¥1§%;¥D uﬁn{l\){%]fat

rée ra

irradiationtio tHfQﬁ@seﬂﬂéﬂbf ot eictiod hd(ﬁtll\}és,l‘ﬁlch @s 5@(&0@51&1] gehased (PAG) or
the total weight of the ARC conposition. The other

photobfgieen&fa®ray i ncl ude, but not linited to, photo-acid

[0030?% &F&tqﬁé s1?s9é i SGRETRI (ffs%e 9{5@% okﬂggﬁ)tg}ti;%g?fom reactions with

base genherators. ective
oxygea@atarbgn dorippsuring i carieg sep red bbpenﬁonmedgmtiagmt ihet atnisphere.

Inert aﬁ%?@gﬁe%:q%?tﬁpg?r%ﬁ%gau%q %!E‘E/ aerg%ia‘f ]? %c? E)t rlu‘gg gaf!nl %dta?gonf rBey ‘inert”
it is meant that the environment contain less than 50 ppm and preferably less than 10 ppm of
oxygen. The pressure at which the curing and removal steps are carried out is not critical.
The curing step is typically carried out at atmospheric pressure although sub or super
atmospheric pressures may work also.

[0031] Once cured, the electronic device comprising the anti-reflective coating can be used in
further substrate processing steps, such as photolithography. When used in photolithography,
a resist image is formed over the anti-reflective coating. The process for forming the resist
image comprises (a) forming a film of a resist composition on top of the anti-reflective
coating; (b) imagewise exposing the resist film to radiation to produce an exposed film; and
(c) developing the exposed film to produce an image. The anti-reflective coatings on the
electronic device are particularly useful with resist compositions that are imagewise exposed
to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively ultraviolet
radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced in the

resist film, then a pattern is etched in the anti-reflective coating. Known etching materials

10
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Typically the free radical initiator or other additive

is added to the coating conposition just prior to its
waos@otiolipy event premature curing. [0025] Thi s PCEs1009682907

al so pertains to a nmethod of form ng an antireflective

coating on an el ectronic device conprising (A

applying to an el ectronic device an ARC conposition

conprising(i) silsesquioxane resin conprised of the

may b(: diécf to resngo_lﬁ}k) na %g’ctws: fé!tt %d)lt)lonai ggés&rg%gvTF ﬁﬁg resist

film ab@RmhaiKing Pn(irafkicl 8 cogting (RAY He omplaysthepodite asledice having the
phenyl group, Me is a nethyl group; R is hydrogen
dﬁm“ﬁf%ﬂﬂ%@”ﬁihydrocarbon group having from1 to 4 carbon

[OOSZEm%R&éﬁln%%klﬁlggﬁgo QM2 %u ¥k o?(wr tggﬁée‘gtuf& Lad theg produce

nd a re of an ary su fon ster grou
coatingp that ban Equeimoabeby s@ippingsulutions. clt &ad bkegifowpl tattthe tutéreflective
provi so that. in

coutiny roggeebheag SRV GaIspao Vel de & TOVEL et S TR G ancE.

AdditRBEY, ithddt 8diRNeIA us8d BURRC Ratifds FHAHP §utsfaﬁliﬁﬁgtoﬁﬁéal,
groups; nercapto groups, and reactive or curable

mechmgadi and ettlyndedtontal propeotigysyhikerteting dppéicabley aing sph-od,application
tech or 4, x has a value of 0, 1 or 2; wherein in the
“3HWB§%n mhas a value of 0 to 0.95; n has a val ue of
0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
value of 0.05 to O 5; q has a value of 0 to 0.5; and m
EXAMPRES 0 + p + g 1.; and (ii) a solvent, and (B)

F Ry, opgwingr ex%ﬁlﬁ‘fe% re %{E?lfcﬁzﬁrt!) %%moﬁse[{a?é %Sééiﬁ{ﬁ%ad}e[he invention.

resin antrreflectrve coa
It shoaldebt rappicciatt@vbyE @hose of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope of the

invention. All percentages are in wt. %. In the following examples

H . M . . . Ph . :
T = HSIO(3_X)/2(OR )x> T - MCSIO(3_X)/2(OR x, I = PhSlO(3_X)/2(OR )xs

R . , R1 . ,
T =RSiO3.5)2(0R)xand T~ =R'SiO 42 (OR)x

Example 1:
H Me R Ph
T 020T 065T 005T o0.10

R = -(CHj),Ph-SO,-OCH(CHz3), with or without R= -(CH,),Ph-SO»-OH

[0033] A mixture of 486.9 g of propylene glycol methyl ether acetate (PGMEA), 50.72 g of
2-(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.075 mol), 31.73 g
of phenyltrichlorosilane (0.150 mol), 145.74 g of methyltrichlorosilane (0.975 mol), and

40.64 g of trichlorosilane (0.300 mol) was transferred to a reactor under nitrogen. A solution

11
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[0026] The antireflective coating conposition is
applied to an el ectronic device to produce a coated
w@uwstitaee. The solvent is renoved and the PCT/US2009/032907
si | sesqui oxane resin is cured to produce the
antireflective coating on the el ectronic device.
[0027] Typically the electronic device is a
sem conduct or devi ce, such as silicon-based devices
j r&eni de- hces, in ed far use in
of LR 88 b Lk SEnOBRP R ELDAGD. sl RTi e Rlonti28 s
(3.30 hpi wal ddged tde delviicieoChEPidhS@Bsittines €@sta ddBour period at 20 °C
sem conductive layer and a plurality of other |ayers

while dhsitaienis Paingstisee ohyueqtive was ehpvemrRadyag 30 o for another
hour dg%%e{‘gtﬂfehnghé]ﬁ%l&ﬁ?z\!v%&{ugo ad%ﬂ?gcéidd %ofjt%p%%z Th@h 500 g of

lcation o osition t ctroni c
deiontted ivater was hddbe, andube mi>aureotas!stined éd 1100, Th htixtoeawaslgt standing

di p-coating, spray-coating, flowcopating, ..
for abgf SEHp AL PEHIF- G EPLor PARET BRGFGY TFFB Y TP dhe remaining

upper%@ée@ WwAlddaRd 1 G0 g Bf PG&ABA L@ 500" g BF 88bhi¥ed water and the mixture was
coati ngi nvol ves“spinning the efectronic device, at

stirrecafpo U s 20B0mRPME vem detathaiding foheboRO ounrpoghiase eapatate. flihe bottom
surface of the spinning electronic Vi ce. 029] T

aqueo SRR vl berh et B Bl postSHf Sebrt i hdnp kit he pr

value 6EtHRAqhi&uk PhiRelingbAR3. MBfel @sildy\esif 0atitig (1480 & as then

el ectronic device. Curing generally conprises heating
conceptigted traariprieiimately 3Unt.i % benetaryedvipperatainedq @y affer 145 g of ethanol

s TIPS VoL DN B9 LERR,

bottorh&ef1sdkl BB Wethgaiered &bott 22 0assfek s lwasiaddeal tshh€sdlition. The
. the solvent fromwhich it was, applied. Curing may take
mixtup yaslet grndingias Panipy Thebetfary Vispersd sk yasiapy P @nf k pear-shaped

T e R R
The sotution eas didtedtonkl wu b py 20din ECGMER50 0C for 0.5 to 2
m nutes. Any nethod of heating may be used during the
curing step. For exanple, the coated el ectronic device

ExamPRY:be placed in a quartz tube furnace, convection
oven or allowed to stand on hot plates. Alternatively,

THOB¢¢N§%%5{H%6LﬁCtive coating can be cured under
ul traviol et

R= -(CH,),Ph-SO,-OCH(CH3), with or without R= -(CH,),Ph-SO,-OH

[0034] A mixture of 738.6 g of propylene glycol methyl ether acetate (PGMEA), 101.4 g of
2-(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.150 mol), 134.5 g
of methyltrichlorosilane (0.900 mol), 60.95 g of trichlorosilane (0.450 mol) was transferred to
a reactor under nitrogen. A solution of §91.4 g of PGMEA, 59.4 g of isopropanol(1.0 mol),
and 59.4 g of deionized water (3.30 mol) was added to the solution of the trichlorosilanes
over a one-hour period at 15 °C while the mixture was being stirred. The reaction was
allowed to body at 15 °C for another hour while stirred. The solution was diluted by adding
400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for
10 s. The mixture was let standing for about 5 min to phase separate. The bottom aqueous
phase was removed. To the remaining upper phase was added 200 g of PGMEA and 500 g of
12
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irradiation in the presence of photoactive additives,
such as photo-acid generator (PAG or photobase
w@emensatier s. [ 0030] To protect the silsesqui OXBECIEUSEEY/082907
of the coated conposition fromreactions w th oxygen
or carbon during curing, the curing step can be
perfornmed under an inert atnosphere. Inert atnospheres
useful herein include, but are not limted to nitrogen
deionf%gc&j waled g th%X‘JE' hir€L ! S stliﬁrecf By, 15 8! hetnq ttur% r\])veas ?eq\éharrlgﬁlng"&l about
éontain-less than 56 ppm-and pre eraXIy "e8s” PRdh ¢
15 mipporpledse Spagra . ThE®tomesaess phtsemihsClemiohed. Chid w@haptdcess was
renmoval steps are carried out is not critical._ The
repeatedh fywp gnosg Bpes untilyihs pl|vialpe o4 fhe asgeistphate iaphosphefhecloudy
: I e [ r
resin QR BT B2 2 LR AR SR B QVREIO SRR (G 26 ! @5 by rotry
evapotewvi ad0COrgier $6dg of éthararhtwas nédddaottheved owdadolutgpnc Ehe Heove

R A 0 L OSESE R LS P o

hexank€&h$iddeARY thel sS1tOh MEIEE 1BKGlire LWE I@trﬁaindfn%fﬂn%; i €rhe bottom
coating. The process for formng the résist inage

viscowsdrud wesdi@a) tofaok hippgy-shapdd flaskfwaa dileidso 760 gpysidtding®GMEA.

n,top of the anti-reflective coating, | magew se
The sQRisSR o i Ss R pe P Pt Rt B o opT B o vas
concef 8 17 wh. . BRdo(RilondRNIIIARIANE 51N (BXRO% By hddifiz PGMEA.
produce an inmage. The anti-reflective coatings on the

The ywlkwes $ofec device are particularly useful with resist
conpositions that are i magew se exposed to ultraviol et
radi ati on having a wavel ength of 157 nmto 365 nm

Examglet3ernati vely ultraviol et radiation having a
wavel ength of 157 nmor 193 nm Once an inage has been

TH Er?ubced iR the resist film then a pattern is etched

020"t h&-7ant i Q9% | ective coating. Known etching
mat eri al smay be used to renove the anti-reflective

R= -((%Ha}zPthOzA@éﬂCHﬁbzl wish enwithput RepdGHapPhiOr 06t st i1 m
and remaining anti-reflective coating may be enpl oyed
to produce a device having the desired architecture.

[0035ﬁ %ﬁgtltlrg%ggﬁ%? éfogiﬁr%;ﬁ%ent%%e@@c %%1%%1312 gth&ag]cepa?e %ﬁ%A‘rfﬂ.O g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.7 g of
methyltrichlorosilane (1.095 mol), 40.64 g of trichlorosilane (0.300 mol) was transferred to a
reactor under nitrogen. A solution of §24.3 g of PGMEA, 59.3 g (1.0 mol) of isopropanol,
and 59.6 g (3.3 mol) of deionized water was added to the solution of the trichlorosilanes over
a one-hour period at 15 °C while the mixture was being stirred. The reaction was allowed to
body at 15 °C for another hour while stirred. The solution was diluted by adding 400 g of
PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10 s. The
mixture was allowed to stand for about 15 min to phase separate. The bottom aqueous phase
was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized water was added and the mixture was stirred for 10s. The mixture was let standing
for about 15 min to phase separate. The bottom aqueous phase was removed. This wash

process was repeated two more times until the pH value of the aqueous phase is above 3. The

cloudy resin solution (1683 g) was then concentrated to approximately 20 wt% (473 g) by

13
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coatings that can be renoved by stripping solutions.

It has been found that the antireflective coatings
w@ewdacae? herei n have better solvent (e.g. PGMEA)/US2909/032907

TMAH resi stance. Additionally, these resins when used

in ARC coatings provide outstanding optical,

nmechani cal and etch selectivity properties while being

appl i cabl e usi ng spin on application techniques

rotary Joa n%l\@atto§att Aﬂle"é n%flteé t%sf %g%n@h\%?s & to t%e %fjou y %qutl?n "J%le above

nven

solutigppheahdtactday atﬂ'ﬂQScﬁmdfboﬂiétﬂeH ﬂaﬁk.t\fﬂmleabdmg Etairedl; Bigout 2200 g of
techni ques di sclosed in the exanples which follow
hexanpeppeadisd to tettalugorsThi Bedvered lgytandmeifaye mirThegotom

VISCOJSLi@Ed QJQS H to'a %E@mﬁs’h@%&d ﬁﬁk%astd@lﬁteidqg ?66 L[ggghe rr%glgdson was

th can e consi constitute prefer
concehwated ts1pwadh .| Te. soloiwvawens dilutedse 462 gk d) biyradding PAINIEA. The
sho l in light of the present disclosure, appreciate
yield yg, fy changes can be nmade in the specific
enbodi nents which are disclosed and still obtain a
like or simlar result wi thout departing fromthe
Xamghktit and scope of the invention. Al percentages are
inyme. % gn the follow ng exanples TH = HSlO (3 x)/2
T 0.30AR )oms5 TThe75= MeSiO (3.x)/2 (OR) x , h =PhSiO
(3.x)/2 (OR) x, RR1 T=RSIO(3 x)/2(CR) x and
R= -(THz),RhiSO,AGBCH, Y HexweitipbiewithoutiRve-(BHRPHPR-SD20HT 0. 65 T
0.05 t 0.10> R=-(CH2 )2 Ph-SO 2 -OCH(CH 3 )2 with
or w thout (CH 2 )2 Ph-SO 2 -OH [0033] A mxture

[00362)f ri re oga?gé ﬁopy‘i‘enqulyco? me%/tl ht)fler acepa?e (ﬂﬁ&h%} 6.2 g of 2-

(4- chlorosulfonylphenyl) ethyltrlchlorosﬂane toluene solution (50%) (0.113 mol), 140.3 g of
methyltrichlorosilane (0.938 mol), 61.0 g of trichlorosilane (0.450 mol) was transferred to a
reactor under nitrogen. A solution of 826.7 g of PGMEA, 46.3 g (1.0 mol) of ethanol, and
59.4 ¢ (3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a
one-hour period at 15 °C while the mixture was being stirred. The reaction was allowed to
body at 15 °C for another hour while stirred. The solution was diluted by adding 400 g of
PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10 s. The
mixture was let standing for about 5 min to phase separate. The bottom aqueous phase was
removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of deionized
water and the mixture was stirred for 10 s. The mixture was let standing for about 15 min to
phase separate. The bottom aqueous phase was removed. This wash process was repeated two
more times until the pH value of the aqueous phase is above 3. The cloudy resin solution
(1623 g) was then concentrated to approximately 20 wt% by rotary evaporator at 40 °C after
164 g of ethanol was added to the cloudy solution. The above solution (479 g) was
transferred to a 5 L round-bottomed flask. While being stirred, 2051 g of hexanes was added
to the solution. The mixture was let standing for 5 min. The bottom viscous liquid was drain
to a 1 L pear-shaped flask was diluted to 600 g. The solution was concentrated to 12 wt. %.
The solution was diluted to 517 g (10 %) by adding PGMEA. The yield was 46 %.
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2- (4-chl orosul fonyl phenyl ) ethyltrichlorosilane

tol uene solution (50% (0.075 nol), 31.73 g of
w@b@ogitie: chl orosil ane (0. 150 nol), 145.74 g 0PCT/US2009/032907

nmet hyltrichlorosilane (0.975 nol), and 40.64 g of

trichlorosilane (0.300 nol) was transferred to a

reactor under nitrogen. A solutionof 1123.29 g of

PGVEA, 59.4 g of isopropanol (1.0 nol), and 59.4 g of

Exmnggfpnlzed water (3.30 nol) was added to the solution
he trichl orosilanes over a one-hour period at 20

g OC phile the m xture was being stirred. The reaction
T ow@$ alpl7evedo @ body at 30 OC for another hour while
stirred. The solution was diluted by addi ng 400 g of

R= -(CEHBPh-STROCERGvith &f widieiue R=zedHYBPRISO¥YOHadded and t he

nixture was stirred for 10 s . The m xture was | et
andi ng for about mnto ghase separate. The bot

[0037bq\u@6@%rep>ﬁ 38t PF‘éW(W’@cElYCP MeRy! PERRIGETARY( P@\AEM 10, g of 2-
f

R N T A i et

methyhirichloresilams(1L.EXS molani hg of wichhbaditand &.30nmdio “mhamasferred to a

R Gk R bR AELE U5 SRNES. 8RS o e an

59.5 /@l 18 oD lor BB BAYGALS WARASEAI S (RPQYRio: olelﬂaetrfEhBﬁ’@sYlanes over a
resin solution (1450 g) was then concentrated t

one- halpmewod aat 216 whle vite. m%tb“y wagbeing serrep dihatreactian wa@ ald@ved to

f eth dded.to th
body S G tndlned noft PRICHnEE TR Lo whe i Ch fagtine g0q e of
PGMERUTER0 00 B el e walk & di8kd 8nSthe mfiRflre #ROed28P 1@s. The
of hexanes was added to the solution. The m xture was

mixtupeepassalpweidrig stead f@ aput, 151111@ typhassrepargi€olike Potem aqueqys phase
| d t
was re%nc?ve d’i“g th%ﬁé{}é&?ear é)%p @Fa%? as g&&ed\/\ﬁ% éfl #éﬁ A dé)ng%%%f;gof

on Wwas concentra

delonMaéd W%er Wae a8ddduind ahe wvaxguidivdsts@eted CorliQs ithe RiXyurachdhis Mg standing
GVEA. nmple 2. THTMe Rt 0.30t 0.60t 0.10 R=
for abowdﬁzl;lzvﬁ Péasezsewr(edfh%wtw fHHeSES PRash B removedchpis wash

procegszxgﬁ r@;g%a?ed%o more times until the pH value of the aqueous phase is above 3. The
cloudy resin solution (1822 g) was then concentrated to approximately 20 wt% (492 g) by
rotary evaporator at 40 °C after 183 g of ethanol was added to the cloudy solution. The above
solution was transferred to a 5 L round-bottomed flask. While being stirred, about 1920 g of
hexanes was added to the solution. The mixture was let standing for 5 min. The bottom
viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was
concentrated to 12 wt. %. The solution was diluted to 375 g (10 %) by adding PGMEA. The
yield was 32.8 %.
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[0034] A mixture of 738.6 g of propyl ene glycol nethyl
et her acetate (PGVEA), 101.4 g of
w@2qpdAachikor osul f onyl phenyl ) et hyltrichl orosi | aPer/US2009/032907
tol uene solution (50% (0.150 nol), 134.5 g of
met hyltrichlorosilane (0.900 nol), 60.95 g of
trichlorosilane (0.450 nol) was transferred to a
react or under nitrogen. A solution of 891.4 g of
PEN?A, 59.4 g of isopropanol (1.0 nol), and 59.4 g of
roni zed water (3.30 nol) was added to the sol ution
e trhﬁhlorosilanes over a one-hour period at 15
T OQ&T iol7e T h@o7wi xture was being stirred. The reaction
was allowed to body at 15 OC for another hour while
R= -(GHb,PRGO,TOE(CHL )y twithbrwsshodt Ret-@tHPyPiagd,@H400 g of
PGVEA. Then 500 g of deionized water was added and the
m xture was stirred for 10 s . The n1xture was | et

10038 1B L5 b Y PR er TERG! FORRI<RI PR 710 8 of 2-
(4- chleflﬁﬁﬁomﬁheﬁgﬁ %%;&i%ghlgrd%ﬁaf%ﬁén@mué&@(f@%af(@ €p9 Hioif)e%3 7 g of

wat er and the m'xture was stirred
methyhtirichlorasilwas(1LED selardiihg of wichbibeuland . A0molb mlha@esferred toa

reactc) SBF B Gtash R nE R L ILE HTSRABES. T e TRTY of ey
alcohMahie5 0% Ftdns S VE0dSoRNRAISKatkSwaPRNMEd & thEREIuEbR BElthe

resin solution (1623 g) was then concentrated to 479'9
tnchlq;“pm@@ﬁwreéﬁ opiafhout p®dwet 15 8¢ wiyle it mpfuisve dereotingd. The

reactlon ng% i) e%.rtﬁ Jo(éé S %f oc® folilgg&he ur %%ﬂg gi‘fulrgd & ts§1u§8€¥vﬁs diluted

ove so vvastrans erre

by addhﬁgl Ado @@If POMBAS Tlasks00Whofl deidigzedgy st wisedide@ O the gniRfure was
hexanes was added to the solution. The m xture was

| et
stirredsfog A Qs nBhe Hixtere i as allewed pottanshioy pqus s nip @P@%@maw The

5
o0 D TP ARRE Ll Y55, AL 0/ B o
PGMhAnud 1580 igloé deigonizeah WaMSVaS ﬁdd?edo/bnd'ﬂncerrmcthmtwamrstlwaé for 10s. The

concentr at ed % e sol uti s diluted to
mlxtuge:wasglet sic@ncﬁmg, orB IIZH]& t@, _seH-Sﬁ%tey HRHEANEHS phase was
removed @Rk §adh pHdcdR vBls repeated two more times until the pH value of the aqueous

Exam]

phase is above 3. The cloudy resin solution (1961 g) was then concentrated to approximately
20 wt% (535 g) by rotary evaporator at 40 °C after 196 g of ethanol was added to the cloudy
solution. The above solution was transferred to a 5 L round-bottomed flask. While being
stirred, about 2200 g of hexanes was added to the solution. The mixture was let standing for 5
min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g.
The solution was concentrated to 12 wt. %. The solution was diluted to 550 g (10 %) by
adding PGMEA. The yield was 48.2 %.
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T0.20 T0.73 T 0.070 R= -(CH2 )2Ph-Sq 2-OCH(CH 3 )2

wth or wwthout R= -(CH2 )2Ph-SO 2-0OH [0035] A m xture
w@b0o09101182 g of propyl ene glycol methyl ether aPEL/ESE®09/032907

(PGVEA), 71.0 g of 2- (4-chlorosulfonyl phenyl)

ethyltrichlorosilane toluene solution (50% (0.105

nmol ), 163.7 g of nmethyltrichlorosilane (1.095 nol),

40.64 g of trichlorosilane (0.300 nol) was transferred

Exmﬂi%,ﬁ.reactor under nitrogen. A solution of 824.3 g of
, 59.3 (1.0 nol) of isopropanol, and 59.6 g

e d water was added to the solution
T ngT gggglcﬁvg305|9& es over a one-hour period at 15

Qo T B8R L B gt o

1. stirred. The solution was diluted by addi ng 400 g of
R is ﬂ@b@k[oﬁféacﬁé@{g) BPWY oni zed water was added and the

mxhxevmssﬂrmﬂforlOs.'menndwevmswlmmd
and for about 15 min _to phase separate,

[0039136& maiwra@é éoud e asePys sheebinethyl ?@elf W@t%%@wﬁg 76.1 g of 2-
(4-ch1gfb§§ffor§2@%§%v’%ﬁlyﬂﬁgﬁg a%ﬁ%negtogﬁ:ng 7398.193 Hfol) 48,6 ¢ of

er "was a re was sti

polypf®&1e%9é<1dJHa118}o?§fléHe$C\I\§v5§ (bﬁ&)ﬁ@)@ﬁﬁ@ﬂ(é}@b)}ﬁé@%) 11517n?I $of

t 0" phase separate he bott 0m aqueous phasé

methyl @RSk 1addi0S798a:661) HIOELS §f tBlof RHER @d4510v1@01 a§ trhh JT8Sed to a
until the pH value of the aqueous Xhase i s above 3.

reactoT lgadegIngfueienr A sphutigp ofid 14:411 gpé BOMBA W54 g&A mol) of isopropanol,
o s B BRBRY QIR Ched 18 O e

over atcﬁlet}hﬁlr pé@@tﬁa/c ISGCuI/hlté’the ﬂiﬁﬁumyﬁbe‘iﬁg MIrtddﬂTh\@feactlon Was
ransferred to a 5 L round-bottoned fl ask. Wi

aHOW%C% forkody at é%afor@z@@e@h%r vHéleatesd vihe sabien was d%IH@d by adding
400 g%? !P@}tM]QzQ Tﬂg?leSd@ %(q . Iegon\i\?eﬁ vlaa%r éés%ﬂédi‘ %’l({ﬁlé mxt: Was ftred for

bot tom vi scous raln to a ear-s
10 s. Theask<twasvadilétistandindo68dugS miheo plo‘.tiseﬂsepamtwé&e bottom aqueous

phase%%g%grg%ﬁr_ ig %reéémw%ué@&%e% Lzlltgﬁl;iegq Q’@ég&ﬁ]@fg/@r&do 500 g of
deionE¥@WRle? affkd the mixture was stirred for 10 s. The mixture was let standing for about
15 min to phase separate. The bottom aqueous phase was removed. This wash process was
repeated two more times until the pH value of the aqueous phase is above 3. The cloudy
resin solution (1690 g) was then concentrated to 450 g by rotary evaporator at 40 °C after 169
g of ethanol was added to the cloudy solution. The above solution was transferred to a 5 L
round-bottomed flask. While being stirred, about 2000 g of hexanes was added to the
solution. The mixture was let standing for 5 min. The bottom viscous liquid was drainto a 1
L pear-shaped flask was diluted to 600 g. The solution was concentrated to 410 g (17.5 wt%)
and then diluted to 467 g (15 %) by adding PGMEA. The yield was 50 %.
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HMe RTO0.30 T 0.625 T 0.075 R= -(CH2"Ph- SO 2- OCH2CH3
wth or wwthout R= -(CH2 )2Ph-SO 2-0OH [0036] A m xture
w@b009471142 g of propyl ene glycol nethyl ether aPEL/ESE®09/032907

(PGVEA), 76.2 g of 2- (4-chlorosulfonyl phenyl)
ethyltrichlorosilane toluene solution (50% (0.113
nmol ), 140.3 g of nethyltrichlorosilane (0.938 nol),
61.0 g of trichlorosilane (0.450 nol) was transferred

Examigg reactor under nitrogen. A solution of 826.7 g of
, 46.3 @ (1 0O nol) of ethanol, and 59.4 g (3.30

H e
T ﬁ#q f ter was added to the sol ution of
Qgﬁ $68 d?@%lla% s over a one-hour period at 15 0C

S e Y e e e

1. stirred. The solution was diluted by addi ng 400 g of
R is e Gz g of deionized water was added and the
m xture was stirred for 10 s . The m xture was | et
standing for about 5 min to phase separate. The bottom

[0040?%%9&%%@%?4\%@% 5#@1@%%%;&@ nkh{?yl Eﬁ@%&ka@é}(MEA) 30.4 g of 2-

phase was adde GVEA and 0 g of deionized
(4-chipenselforgphenie ethy%tluhlemndsnestbluen@ sblﬁmn B0%s (0.0¢heol), 50.1 g of
m xture was |l et standing for about 15 m n to phase
3- merg@pmrapﬁltﬂﬂrﬁbomﬂmmﬁ(ﬁﬂa@mﬁs @Ha@ﬁz@HsCHeﬁHv(@@SS el 134.5 ¢

process was repeate two nore tinmes until the

H
of me%(itﬁéhl@\‘ostlﬁ@ @q98 s PRelsz0f ichlgrrsdang (00 reelp way trafsferred to
a reac[o@%’n@eﬁﬂ 1\ énoﬂ %i‘u@%@ )907\@? J’ftﬁfMEgn§§@E%r(qtoelﬁolagggopropanol

appr oxi mat y rotary evapor at
and S@afl tegB.30GHolY ob(ﬂelﬁtlhe&:hwhteMSS atlidé do the sbhueion lobthetytrichlorosilanes

sol tlon ve uti.on (479 Was t nsferred
over y ey EeI?QPEﬁ&%Q&WIBfFéEC fIsgE W%ﬁ)ﬁ%@ %@Teﬁg IoPriRp was
allowéP b]Odg aPi5 *@l‘&%ﬁ@th@@l%lﬁ@ﬁﬁl‘é shf%e@ hﬁlf:%@idt'ﬁ)h Qs dfifRd by adding

m xture was | et standi ng m n. he bottom vi scous
400 glof QGME&\IaEthri(IOrg Qfoieaanlzeti Vpeéarwweaige@ arfd ths kniwmige was stirred for

10 s. 'V%%el 19r?hxgas S% ib%bl? % EF?IE ao\l\?}ias%ggp%gar%% 2_ gg)ttbgp a]qlzleous
phasemlr&ﬁom{heﬁéﬁlaﬁhﬁé Gppeaphake wWas EY@P] ® Sof PGMEA and 500 g of
deionized water and the mixture was stirred for 10s. The mixture was let standing for about
15 min to phase separate. The bottom aqueous phase was removed. This wash process was
repeated two more times until the pH value of the aqueous phase is above 3. The cloudy
resin solution (1500 g) was then concentrated to 436 g by rotary evaporator at 40 °C after 150
g of ethanol was added to the cloudy solution. The above solution was transferred to a 5 L
round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The
mixture was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped
flask was diluted to 600 g. The solution was concentrated to 407 g (10 wt%). The yield was
34 %.
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HMe RTO0.20 T0.73 T 0.070 R= -(CH 2 )2Ph-S g 2- OCH

3with or without R= -(CH 2 )2Ph-SO 2-CH [0037] A
worRoovra2nf 851.8 g of propyl ene gl ycol nethyl P€r/iig2009/032907

acetate (PGQVEA), 71.0 g of 2- (4-chlorosul fonyl phenyl)

ethyltrichlorosilane toluene solution (50% (0.105

nmol ), 163.8 g of nethyltrichlorosilane (1.095 nol),

40.7 g of trichlorosilane (0.300 nol) was transferred

Examigﬁ react or under nitrogen. A solution of 851.8 g of
, 32.0 g (1 0 nol) of nethanol, and 59.5 g (3.3

H e
T ﬁ#q f ter was added to the sol ution of
Qgﬁ $68 d?@%lla% s over a one-hour period at 15 0C

S e Y e e e

1. stirred. The solution was diluted by addi ng 400 g of
R is FNEAHThen 500 g of dei oni zed water was added and t he
m xture was stirred for 10 s . The m xture was al | owed
to stand for about 15 mn to phase separate. The

(004199 HOTARUHBOLS NI B Oglmﬁﬁql 1 Igiet &%ta&@gmﬁgmgfm, 304 g of 2-

upper phase was a
(4-chldwisotiprrdiphonst) @thy\lmashladxs&dl@mwenh eolntioet (FOE)BE4S trioly, 483 g of
~ for 10s. The mxture was |et standing for about 15 mn
Vlnylttlghlpmé@es(&hﬁlaﬁiﬂw (H321 mwhadiibdaof predyitrighlorosilane (0.900
s.wash process was repeated two nore tines

mol), Gﬂﬂ g Ofttﬁéhlﬁlqukl%ﬂedg 389 mq%bwaaﬁwéré“fe&ﬁ%éechoralﬁé%mgogen A
solutid{'6f FIsH! gléf PERAEA S YL Ph n(cﬂﬁc?ﬁ(s)&)rolgﬁ? 4%@&89.0&/(3 30 mol) of

concentrated to appro I'mat e rotar
deionevd pateatyas added40 tiGodhftioarof H&3trighlofosdtiamokr nese- h@lﬂqxdnod at 15

o to the, cloudy solution. The above s Iutlo
C while BrPiHE AGemes e clhrdepsero s d PSR it 45 S ifopgnother
hour \§lt1ﬂcr srtﬁfdad BROWIu {3202 i Rite N} RINGTy MF0Se HASSUIEA THRE 500 ¢ of
solution. The m xture was |'et standing for 5 mn. The
deionized water wias eddes! dndde wixwars varsatirred éoral 0%s. Ehp eaxtumayeldt standing
The so] ution

for abpi i oy 15 S 095 hrghuf Bhasn Rat R s o rgmainine
upperphsedvds1HAd8a 16y ¢ SHEGME LEMEAO0 dBEdeionized water and the mixture was
stirred for 10 s. The mixture was let standing for about 15 min to phase separate. The bottom
aqueous phase was removed. This wash process was repeated two more times until the pH
value of the aqueous phase is above 3. The cloudy resin solution (1551 g) was then
concentrated to 460 g by rotary evaporator at 40 °C after 156 g of ethanol was added to the
cloudy solution. The above solution was transferred to a 5 L round-bottomed flask. While
being stirred, 2300 g of hexanes was added to the solution. The mixture was let standing for 5

min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g.

The solution was concentrated to 278 g (10 wt%). The yield was 26 %.
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yield was 32.8 % Exanmple 6: HM RT 0.20 T 0.73 T
0.070 R= -(CH 2)2Ph-SO 2-OC(CH 3)3 with or w thout R=
WO ¢@bi121122Ph- SO 2- OH [ 0038] A m xture of 719. 5PQr/v§2009/032907
propyl ene glycol nethyl ether acetate (PGQVEA), 71.0 ¢
of 2- (4-chlorosul fonyl phenyl) ethyltrichlorosilane
tol uene solution (50% (0.105 nol), 163.7 g of
nmet hyltrichlorosilane (1.095 nol), 40.6 g of

Exmn&fl%hlor08|lane (0.300 nol) was transferred to a

or under nltrogen A solution of 809.8 g of

T R
R- -@3 ooh S é@%@*&m St G (CHELPBE Ol e

reaction was allowed to body at 15 OC for anot her

R»15ﬂ@ﬁhkﬂﬁ¥¢52gﬁﬂyﬂ§%20fﬁé sol ution was diluted by adding
400 g of PGVEA. Then 500 g of deionized water was
added and the m xture was stirred for 10 s . The

(0042 Xt W9 58 b 0P WA, e 31,28 mE @51 ARGUecAR (PUMER), B0 of 2

Separate. The bo ton1aqueous phase was renoved
(4-chlprsryaifenyhghenph ethyfthiaklerosd sneadbiede d@atign GOPEAVEAS ard), 360 ¢ of

g of deionized water was added and the m xture was
polypraplyleneeiidesyichlorpsilared ChaSi GHe) sMECH 2eHE i Bmdlo Qg H30 £0.075 mol),

15 mn phase separate. The bottom agueous

145.7 ;gw}g%etb\ﬁgwm@ﬁ%@ae (O smahstD- o 08 Bichlorasilang A0 0 pob s
transf L Frotd 1@? %Iulﬂki'e}n C}%Eerp% é’(ﬁﬁﬁ’(ﬁi 6}1‘98%hge0 & E S \?\g.gf"’?(ﬁ.ednﬁol) of

ove e clou resin solutio
1soprorpamiemtd$ﬂ./eg (3.80 amb)' abdeimt z2kd yw 26 \wts%d(i&Bﬁ) th¢ sdlytiorodiahy

it GO 3§ e B 4 Sl e SR She 0 e
reactl&{ fH$ £1ﬁfv{?e%Cto tb@dg aP1 3o f?)‘ﬂ AfsthAt HRPBHiIE |sﬁ‘1§gd T‘ﬁ@ 'sl)l%‘u@l@ Waddiluted
stirred, about 0 g of hexanes was added

by addiog 400 grof PEAGE A ?hmnrfé)()\@@f deganizdavademyast adld% almd ﬂne miigre was
stirrecf f())téglgrsn lléeslgl? Sy | I :f%tdéa% %9 zi1bnout[ 8 nftn Jfo Iﬁhspsg %épa%a €. plehe bottom
aqueous phase was removed. To the remaining upper phase was added 100 g of PGMEA and
500 g of deionized water and the mixture was stirred for 10 s. The mixture was let standing
for about 15 min to phase separate. The bottom aqueous phase was removed. This wash
process was repeated two more times until the pH value of the aqueous phase is above 3. The
cloudy resin solution (1705 g) was then concentrated to 460 g by rotary evaporator at 40 °C
after 170 g of ethanol was added to the cloudy solution. The above solution was transferred to
a 5 L round-bottomed flask. While being stirred, 2300 g of hexanes was added to the
solution. The mixture was let standing for 5 min. The bottom viscous liquid was drainto a 1
L pear-shaped flask was diluted to 600 g. The solution was concentrated to 502 g (10 wt%).
The yield was 40 %.
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The solution was concentrated to 12 wt. % The
solution was diluted to 550 g (10 % by addi ng PGVEA.
wab@ogiabd was 48.2 % Exanple 7 HMe R R T 0PGOUJ2009/032907
0.525 T 0.075t 0.10 R= -(CH2 )2Ph-Sgq 2-OCH(CH 3 )2
with or without R= -(CH2 )2Ph-SO 2-OH, Rl is -(CH2
)3[Q(CH2CH(CH 3 ))] 20CH3 [0039] A mixture of 795.7 g
of propyl ene glycol nethyl ether acetate (PGVEA), 76.1
g of 2- (4-chlorosulfonyl phenyl) ethyltrichlorosilane
tol uene solution (50% (0.113 nol), 48.6 g of
xmanHMpropyleneoxidetrichlorosiIane (A3Si-(CH 2
G 3))] 20CH3 ), 117.7 g of

T Ozaﬁwﬁwgdﬁ |0Q)@Tor(p§)Q0@ge (0.788 mol), 60.95 g of
trichlorosilane (0.450 nol) was transferred to a

R=- (c%ﬁ$mggﬂggﬂ(am%qgﬂnor WitB&Ut Rl QGHQfQIPthS-@Q by of

nol i sopr opano and 59.5 ¢
( tﬁﬁg mater was added to the
R,1s(§?%§ﬂﬂﬁ&ﬁ?@ﬁﬁ§ﬁj§ﬂ ot osi | anes over a one- hour
period at 15 OC while the m xture was being stirred.

The reaction was allowed to body at 30 OC for another
[0043h dumixivie|o 862.5 reradprophfenesbyart imethyhathedadetatePUWOYEAIG ") g of 2-

c-higgouo R TR S EE R e hAe Bl PERTPYF D6 EhaER. 485 g of
T 38 R s e
56 P R 5 080, L AT
40.6 gl(ﬁf teichloiblgarme (K300 enolpwad einsédreeddo agedcarr vabautitrégenmAnsolution of

1097 & BVERATESnP T G LR i bebeeP AR SRRaD e Loy WO Crippiged

water Wys 'ahdédht% tlﬁ)é‘ho\hﬁidﬁeof%e E&ﬁl&&éﬂ%ﬁé&%v@h Q%ﬁe h%xﬁﬁ%g aB15 °C while
he cl oudy resin solution (1690 g) was

the mcc@nc evas beingdtitred. 43 reactipn mas aﬁywecbwdmdataoﬁo 4t fagno@er hour
white S TBR 2o idh o JR0 GG PYRRGAE R eof BEQTER T BHFY a0 of qeionizes
water was added and the mixture was stirred for 10 s. The mixture was let standing for about
5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred
for 10s. The mixture was let standing for about 15 min to phase separate. The bottom aqueous
phase was removed. This wash process was repeated two more times until the pH value of the
aqueous phase is above 3. The cloudy resin solution (1798 g) was then concentrated to 460 g
by rotary evaporator at 40 °C after 181 g of ethanol was added to the cloudy solution. The
above solution was transferred to a 5 L round-bottomed flask. While being stirred, 2300 g of
hexanes was added to the solution. The mixture was let standing for 5 min. The bottom
viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was

concentrated to 572 g (10 wt%). The yield was 42 %.
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10

15

round- bottoned flask. Wile being stirred, about 2000
g of hexanes was added to the solution. The m xture
wor®Ihetizst anding for 5 min. The bottom vi SCOURBCT/UINE032907

was drain to a 1 L pear-shaped flask was diluted to

600 g. The solution was concentrated to 410 g (17.5

w?% and then diluted to 467 g (15 % by addi ng PGQVEA.

The yield was 50 % Exanple 8: HMe R R T 0.20 T 0.60

TO0.03TO0.17 R=-(CH 2 )2Ph-Sq 2-OCH(CH 3 )2 with or

without R= -(CH 2 )2Ph-SO 2-OH, Rl is - CH2CH2CH2CH2SH

[0040] A m xture of 721 4 g of propyl ene glycol nethyl

et her acetate (PGVEA), 30.4 g of 2-
M@M@hl%%@@ﬁtﬂwdﬁ@ﬁ%ﬂ“)ﬂzéﬂml trichl orosilane tol uene

solution (50% (0.045 nol), 50.1 g of

3- ner capt opropyl tri net hoxysilane ((CH 303 Si -
[0044%@12)@’[1@@@ S/Idfe(rﬁ)wﬁ5ﬁromﬁs¢d oﬂ_BcKaﬂ SpsofCT62 spin coater. The resin

POMER sgligh 367 Pt et 30 R Y-S0t THSichifesng gheg spin conted

onto srfa@ﬁgfd%r%%@ das fJHrtlﬁc‘Pi%‘i‘ishe%i 15¢/ rH§1bt%l}p‘$vai%%7or d%ugle‘%ided polished
g (1 of isopropanol, and 19

FTIR (:@fe30 (spi speod 20 @@ﬂ%em)v@tresf werscuaaiice @ tcrupetrhelré of 200 to 250

o sol ution ri si | anes .over, a

C for @} ¥ PtaBE Th AR BRE st SRR Y R Gk i g measured

using AEAT BRGIhARINAS malel OMRAN RN I)1udd redSrdOEweRs tha AGdrRES of nine
hour while stirred. The solution was diluted by addin

measwyeperfs.dICMENEASIsfheaptBO Quig vers d@gir@megléﬂ mepseinge film thickness

changrgn%gfo e %{Hj aéeli] ?’gﬂ[é%a e YRR Sét rgn{g atl r% w]a% %ssgs%a a\l)vsltél two

Xture was I'ng 0F
comnepvadt 8tripphg soditioasNEFoaad s:(nh a:satavmgeaﬁmsafkmem whe
remai ni ng upper phase was add of . PGQVEA and 500

condugtegfusig;veis28d Meihdeneiqgide pe hﬁiﬂfétami éhevﬁétlcélt Wﬁa@@ terlapn of
wettlné%as cEQ%lar{écf(ﬁalé&?%rl\Q@% 21?&1ar§£}§ﬂgicﬂgR£ ts Qﬁoslﬂlhm:l'a%z'gh th ZQDIC 1.

ase separate bott omagueous phase was renove
Thi s wash process was repeated two nore tinmes until
the pH val ue of the aqueous phase is above 3. The

cl oudy
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resin solution (1500 g) was then concentrated to 436 g

by rotary evaporator at 40 OC after 150 g of ethano
woer®adderl to the cloudy solution. The above sPCTIUS®ING/ 032907

was transferred to a 5 L round-bottoned flask. Wile

being stirred, 2300 g of hexanes was added to the

solution. The m xture was |let standing for 5 mn. The

bottom vi scous liquid was drain to a 1 L pear-shaped

flask was diluted to 600 g. The sol ution was

concentrated to 407 g (10 % . The yield was 34

% Exanple 90 HM RR T 0.20 T0.60 T 0.03 TO0.17 R=

e i G S TS T Bl S 0

694.7 g of pro ylﬁxe glacol nmet hyl ether acetate
€2 -

fcp §1B0. .4 - ghl odbsuMt onyilpheny!

except that T é&oﬁw% 51 c AlTbr-&<ill An; J%UIO.QYéna@(?E Ms(]tﬂwi 0332?S (@@h@gﬂy\’@@! Sl ggpresent
nol), 41.3 g of vinyltrichlorosilane (ClsSi-CH=CH 2 )

. ) [ ), 4 f [ .54 chl [ 0.9

Re{CHy P JOF T -G 020, o A s B a6 O Sl iRyt S0y
transferred to a reactor under nitrogen. A solution of
738 f PGVEA,  59.3 1.0 I foi [, d

OC(CH3)3and@e:(ﬂ%@ﬂr@g-égmﬁsqﬂyely f deigogli zeanvva% e? m;:ogggggn? 0 tﬁg
solution of the trichlorosil anes over a one-hour

~ 2) 15 0Clwni I e & ; t .
ess NCRBT01 Vo, oS 58| RS G T o B S
Qggr vvhifl Eciﬁkkg '%ﬂgwgéigrsol@hmg@m @hatgeimjl ut Eéd by| (aateti NEension
0 : e ed water wa .
addeg and tlhe m xture %gsﬁﬁﬁged%wgﬁ 10 s |. Thegngle (Nim)
m xture was | et standrhgpfor( bout nmMn to phase(

separate. The batton1a@t§ous‘phase was | renpved.| To the
remai ni ng upper | phase added 100 g of P@GEVEA jand 500

1 gMof d&ioni vater [and) tlhe 7pi xture wassest ignred of or| 1
TO%E%(E?P(mhe ﬂggngéBmas‘ et ngLd ngFfO'ﬁggoﬂg”159L?n 3
to phase separate. The bot|t om

H o M Ml
TonT guT o 16000 | 439 | 250 % § |18 | 0139 | 917 | BT

o M Nl g ) 7
ToaT Ty |00] 326 | 20 [ 1 [ & [i60]om| 87 | 1

H M Sul
TonT asT o0 15800 | 356 | 240 AR 39 (1590 [ 0.9 917 | 269

H o Me il
T Ty T | 2O0] 49T [ 20 [ 16 [ 7 [ism o] o8 | 2

oo Me Sl w [y 3 ;
TogT oyt [0 48 [ 20 [ w0 | 0 o] 95 | ol

b Me R ; ;
T T o [10] 43 [ 30 [ 1 |7 [iss[om| o0 | 57

o Me
TonT onT oo 15900 | 471 | 20 f 8 [ 1378|0136 %20 | 256
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aqueous phase was renoved. This wash process was

repeated two nore tinmes until

t he pH val ue

wa@owenud2phase is above 3. The cloudy resin
(1551 g) was then concentrated to 460 g by
evaporator at 40 OC after 156 g of ethanol

to the cloudy sol ution.

The above sol ution

transferred to a 5 L round-bottoned fl ask.
stirred, 2300 g of hexanes was added to the sol ution.

The m xture was let standing for 5 mn.

of the

S oPQIX/U82909/032907
rotary

was added

was

Wi | e bei ng

The bottom

viscous liquid was drain to a 1 L pear-shaped fl ask
Tablel:Contim@dSp.lii luted to 600 g. The solution was concentrated to

278 g (10 wt % .

The yield was 26 % Exanple 10: H Me R

Ph R T 0.20T 0.65T 0.05T 0.05T 0.05 R= -(CH 2 ) 2Ph- Sq
' ; ' W th,0on Tt h P} 2Ph+SC ‘
Rein NERRELRAAE, .51 ool 34 c%hqj‘%kﬂé?f] MSeehe {004l Qfgat@H —
m xt ure of Kyggg ;Vggs pr | [dhagegl Ve et hyl| et helwontact | Tension
t at PG . 8 f 4+ | f I | )
Zfﬁylat ?i S:hl orosi | ane tg]llréljengﬂ\./ls%l ugMéﬁr 3;3% o%. Sg@ﬁy XN/HI)
mol ), 24.3|g of | pol yprsmy! lenéxi detkli chl or ¢si | anef)
(A3Si-(CH|2 )3|[OQCHR2 gH 3 ))] 20CH3 ) (0.075 nol),
T Ttk pRoeii ankia(0. 360 ol ks or apaie] A Laa | 6]
f ' r An . no was [transfyenied t aY 0.
TOAQOT roé{(largt@g u(gpéier nitrogen. Ajsolutipn of 986 g of |PGQVEA,
i Mg]? 4‘@9 (% Q nol) of isc;prgpgn;ol zI:nd 20.4 ¢ (3. 30 m)_d)7
i onillze t etpinas ed)Ro t sol ug¥g o, tgh i
ToxT el ﬁh@ﬂé o@ﬂlcgizr?gs %@er éﬁ)gne- hagur pgrrli ozlqjga%8 &@éﬁBCS\?\%i | e75
, thbe rriéture was| bei 2( Sti][red. T[}ﬁ reﬁ:tion was
0 to ats4ls or |[@NO0 DUFRY Wi hse )
T o0l i d0.0SThg%se% u%'5|4or \Kg)s di r“gted 213 ajggggg;ﬁwwo 985'931‘ 07
PGVEA. Then 500| g of |dei oni zed water was added jand the
Pt ure was| stirred flor 10 s . The mixture|was | et
t afp@di ng fogr about 5|m n tljo phase separate. The bottiom
aqueous phase was renoved.| To the remal ni ng upper
T phHaseias 4 T g q and
Tt s 0| 2X W TR A s 0 | 615 | 3
PPO
T o
Ho Me Sl ) ) )
TonT 10T 055 0| 250 | 40 2 03 1 19% | 0.100 | 860 | 292
PPO
T s
o Me Nl 9
T g Ty | 0] 295 | 20 [ 8 | @ 160 [0 ] B0 | 20
PPO
T ops
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500 g of deionized water and the m xture was stirred
for 10 s . The m xture was | et standing for about 15
worRewonioliphase separate. The bottom agqueous phaBET/vsR09/032907
renmoved. This wash process was repeated two nore tines
until the pH value of the aqueous phase is above 3.
The cl oudy resin solution (1705 g) was then
concentrated to 460 g by rotary evaporator at 40 0C
after 170 g of ethanol was added to the cloudy
solution. The above solution was transferred to a 5 L
round- bottonmed flask. Wile being stirred, 2300 g of
hexanes was added to the solution. The m xture was | et
standing for 5 min. The bottom viscous |iquid was
drain to a 1 L pear-shaped flask was diluted to 600 g.
Table 1: Contifupep, 30! ution was concentrated to 502 g (10 wt%. The
erEd was 40 % Exanple 11: HMe RR t 0.20T 0.59T
0. 06T O 19gQg. 05 R= (C%Q)ZPh Sq 2-OCH(CH 3 )2 with or

Resin N%{C@g’@s&t@f - %&@“ Pt)g@& kﬁ%@s 'Tﬁick'n§5§ 513[ X Pg'f Wate Sulfgce

propyl ene glypo re et bange ac dhaagean (PGIVEA) . 60.18 | dension

of 2- (4-ck|0rosuhf( he et ri chl ornosi

tol uene soljuti onV(S( /gé 0. %M)Eﬁu ;‘MOAIﬁIS 5 g of Uit (N/m)
pol ypr opyl eneox Her i i ¢ o osﬁAI ane 3Si - (CH 2) 3[ @ CH
2CH(CH3))] |20CH3 ) (0. 150 |nol), 15 6 g of tetraeHﬂml
orthosilicate (0.07% nol), 132.3 g of

met hyl trichl orosilape (0.885 nol)), 40./6 g of e()

tiE Cchittpr oSt aner (0, 300, TotT) S tTansterred o, a
Tomﬂgé ’ﬁ? gncéﬁ%n Bm%geﬁmdA soﬁﬁtion? f 1659.403ﬂ0%MO 319
g (1.0 nol) off i soprjopanol|, and|59.4 ¢
30 nol ) |of dei onilzed water was added to the

ﬂblw@lon off thel trichlorosilaneg over @ one-hour
per d at 15 0Q whille the |m xturle was pei ng|stirfred.

he “ct.b” was—aHrowed—to—body—at—300CFor—anethe
Tozoj% Ao UlF 8 | T80 soi uifior welh of l6iled 085 i ndi
) PGVEA. | Then 500 g of dei oni zed

T

" 0.15
M STl e | W [ @ | 1604 | 0086|9001 266
TonT pa0T o3 ' . 086 1900 | 26,
Vinyl
T o
M STl 300 | 0 [ 9 [ 10 | 169 [009]%0] 20
TonT 06T g ' . 191900 1
Vinyl
T "o

H o Me N S
T T Do Ty 0 [ 2001 20 [ [ [ 160 [009 [ 1] 18
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wat er was added and the m xture was stirred for 10 s .
The m xture was let standing for about 5 min to phase
wG@epansatie2 The bottom aqueous phase was renpveRCT/US200916¢32907
remai ni ng upper phase was added 100 g of PGVEA and 500
g of deionized water and the m xture was stirred for
10s. The m xture was |l et standing for about 15 mn to
phase separate. The bottom agueous phase was renoved.
This wash process was repeated two nore times until
the pH val ue of the aqueous phase is above 3. The
cloudy resin solution (1798 g) was then concentrated
to 460 g by rotary evaporator at 40 OC after 181 g of
et hanol was added to the cloudy solution. The above
(Cantt ion was transferred to a 5 L round-bottoned
T%kLCmMﬁ@g@&_ Wil e being stirred, 2300 g of hexanes was
added to the solution. The mixture was | et standing
for B M N Tha ottom vicennc |

Resin Namimléiﬁnposﬁidlapeﬂwf dwm wallsn di Thigkness ﬂimkm; q. Tlrkg $ oWatet i | orface
t 5% W : i A
5% xampl o 125 P 1 m Cobt okl H il e, Voot o.igzﬂgédgsm
AR

and vwac dArain t+a o 1
tHH-—\faS—G—H1H—+0——=

Fi | m coating on| waf er Susvas P(MiacesBBd on a [Karl m)
CT62 spin doatefy PSherresin PGVEA $ol Ution was|fifst
filtered through a O?thicrgﬁ Tslﬁ§% flilter and ﬂ en

spin coated ontp stan@@}d singl e side|four|inch

ottghedptow resistivet vaferstor—doulytesided
THOQOTMéé@f%EﬁH@.%aﬁME @i dBeeti 200014680tk . i 1|msl]
‘ re redljat ajtenperature of P00 to|250 [0C for 60
I ofl

PaPo-S an—o atnl Nt A The i1 ¢ I ro PN HIEWI-N
T iﬁgﬁﬂ*ﬁmd WIA0G) 080 werld) neadlireft ulli ng 14%] L.I8R] 860 | 279
wa " am™el ||i psopetern. The| thi ckpess val ues| recorded
r gt he average of |ni ne neasurgnents. PGVEA
,ﬁ ﬁﬁﬁ@éance after cune was| determ ned by neasuring the
13" m thi ckness change befpore angd aften PGMVEA rinse.

nocg

The wet renoval  rate was assessed with two comperci gl
T et S'IMM& riglBpNGL i ordé) NEBFTant I . | Gt ) andflle | 319
00 ' B &s'ur nt|s were conductled usi hg wat er and nefhyl ene
iodide as ljiquid and the jcriticpal surflace ftension of
nghing was cal cul ated based on|the Zisman appfoach.
RéSUt s are sunmmari zed in| Tabl e| 1. Tablle LFi I m Coating
and Charactleri zation Results (All the|Sitlfs represent
-(CH 2 )2Ph-SO 2-CCH(CH 3 )2 and R= -(CH2 2Ph-SO 2
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HMe Sul j J M Sul bJTHJ e Jul . except that T
0.3gT 2 5 T0.075J3J 0.20t 0.73t 0.07 and t 0.20 t
wW@®@2009/111102 07 whi ch represent R -(CH 2 2Ph- SO 2rQZBSDCHMB32907
and R -(CH2 2Ph-SO 2 -OH, -(CH 2 2Ph-SO 2-0OCH 3 and R
-(CH 2 2Ph-SO 2-OH, and -(CH 2 2Ph-SO 2 - OC(CH 3 3
and R= -(CH2 2Ph-SO 2-0H, respectively)Table 1 :
Continued, p.2.Table 1. Continued, p , 3.Table 1:
ntinued, . p., 4. That which I clainmed is: 1. A
Thatvgigflté?agl&bqq%dxlghe resin conprised of the units (Ph(CH2
)rsiq3.x)/2 (OR) x )y m(HSTQ(3 x)/2 (OR) x )n
(MeSIiQ(3 x)/2 (OR) x)o (RSO3 x)/2 (OR) x)p
1. A sflrepgiioranedpyin compyised of dhéapdise Ph i's a phenyl group, Me

[ . et hy up; R is hydrogen atomor a
<Ph<C%§2&gég§mw@49%5§mp having from1 to 4 carbon atons; R
_is an aryl sulfonate ester group or a mxture of an
(HSI(&B-y}/z(QR’%/xdmate ester group and an equival ent aryl

sulfonic acid group with the proviso that in the
(MeSiOx4 1 @OR' W, maj ority of R are aryl sulfonate ester
groups; and Ris selected fromsubstituted phenyl

(RSICP5 QJROR K er groups, pol yet her groups; nercapto
(groups, and reactive or curable organic functional

R!si@LOURGR ARD I has a value of 0, 1, 2, 3, or 4; x has a

( lvgleﬁg cl}fja1 1 1 or 2; wherein in the resin mhas a val ue

rel -aphen layge 0 "G sen r

VAt Rg e O M BatRRl) Goln i E: PRy 8T

hydro_qﬁ]rhalg g@up abving l(ﬁrfoln()l SQ)4 Oarbon .atnmfnR-&s an f%ryb suiliopa‘ee egtet lgr021p or a
. resin alnead 1n cfalm reirn 1as . val ue

mixtufy gy g BEnsin St & Gt 8 FA g Sl el i e

) . } f 0 t .

proviskHyin e Rucie it Ayl R GR ABIACLuk Aol Bod

selecté@gS#agumt?tu%’b ‘%E@ﬂﬁ gfeulﬂg,ses%r \éﬁJuﬂg }%‘iyeﬁ%r tgpou(Bs ;]Igechth 3Poups,

alue O
and reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a

value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.95; n has a value of 0.05 to

0.95; o has a value of 0.05 to 0.95; p has a value of 0.025 to 0.5; q has a value of 0 to 0.5; and

m+n+o+p+q=1.

2. The resin as claimed in claim 1 wherein m has a value of 0 to 0.25, n has a value of 0.15 to

0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to 0.2 and q has a value of 0 to 0.2.

3. The resin as claimed in claim 1 wherein m has a value of >0 to 0.10, n has a value of 0.15
to 0.3, o has a value of 0.40 to 0.75, p has a value of 0.03 to 0.15 and q has a value of >0 to
0.15.

4. The resin as claimed in claim 1 wherein the sulfonate ester group has the formula
RZO—SOZ—Ph—(CHz)r— where R2 is an aliphatic group or an aromatic group and r has a value

of 0,1, 2, 3,or4.
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to 0.3, o has a value of 0.40 to 0.75, p has a val ue

of 0.03 to 0.15 and q has a value of >0 to 0.15. 4.
wahb@oneden as clained in claim1l wherein the seCT/URDE032907

ester group has the fornula 2 2 R O SQ2-Ph-(CH2 )r-

where R is an aliphatic group or an aromatic group and

r has a value of O 1, 2, 3, or 4.5. The resin as

claimed in claim4 wherein the sul fonate ester group

5. Th? 2§siir¥ e figle in'ﬁglginl(l %%%IE %%\%f%h%’é‘&%%ﬁ% p% th;:r?ogrmula

n as Cla erern ona

I, the forrmula -(CH2 ) 2Ph-Sqg 2- OCH2CH3.
(CHEFESONRICIED: St horel

claimed in claim1 wherein Ris a
pol yet her group. 8. The resin as clained in claiml
wherein Ris a nercapto group. 9. The resin as cl ai ned
6. Themespl & dhilnedhe cleim 4Rvlieseintheadukionstk esfeiognoup has the igmula
resin as clainmed in claim1l wherein the resin contains
-(CHpRoS@8- Qi e2CHs.0f units having -OR groups. 11. The

resin as clained in claiml1l wherein the resin has an
aver age nol ecul ar weight (Myv) of 700 to 30,000. 12. An

O R NS
)rSia3.x)/2 (OR) x )m (HSiQ(3_x)/2 (OR) x )n
(MeSi (3 _x)/2 (OR) x )o (RSIO(3 x)/2 (OR) X )p

8. The resin as claimed in claim 1 wherein R is a mercapto group.

9. The resin as claimed in claim 1 wherein R1 is an alkenyl group.

10. The resin as claimed in claim 1 wherein the resin contains 6 to 38 mole % of units having

—OR’ groups.

11. The resin as claimed in claim 1 wherein the resin has an average molecular weight (Mw)

of 700 to 30,000.

12. An antireflective coating composition comprising

(1) silsesquioxane resin comprised of the units

(Ph(CH2);SiO(3.x)2(OR "))
(HSiO(3.x)2(OR")x)n
(MeSiO3.x)2(0R")x)o
(RSi03x)2(0R")x)p

(R'SiO(.x)2(0OR)y)q

where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a
hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl sulfonate

ester group and a mixture of an aryl sulfonate ester group and the equivalent aryl sulfonic
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(RISIQ(3_x)/2(OR) x )g where Ph is a phenyl group, M
is a methyl group; R is hydrogen atomor a
why@pocdaebon group having from1l to 4 carbon apOnES2089/032907
is selected froman aryl sulfonate ester group and a
m xture of an aryl sulfonate ester group and the
equi val ent aryl sulfonicacid group with the proviso
that in the mxture the mpjority of R are aryI

acid gs u f Oﬂ? h}% é)gg'w thg{ 1%U£Réc' mlﬁﬂl% tﬁ% ma?orlsf% OF ﬁta?e arlyf r?%%)él?te ester
groupgra(ﬁa s FQE&@CPfrgnﬁ%Bﬁﬂﬁted %ﬂgnr?g %%ﬁ]} %te? \grqcflg ? 611er gioupS'

gani C ncti ona roups
merca%to %n’éu ps, Qhd fhactive (;}Q%raﬁ‘)lé/@lj Hc ‘Pﬁncgonaljgr&ifps and A8 &hThe of 0, 1,
he resin mhasavalue of 0to O n has a val ue

2,3, omf4 0 he%a vdu®obb,; 1 o ?na@leecnwai the repisf m(hafsa Vabie®f 950 OShadas a

value 8%%%&#&0% (()) Bgszz? ‘b (gf (EOS g%@ef,l Ralja\g% Vu efjo&ﬁ)?OfS%g%'éiqélas a
value 8Pb kd €551 &t h\ien Q%algnr% CQ”HQ{S' tion a s clainmed in
claim12 wherein mhas a value of 0 to 0.25, n has a

v @i leesobfen®. 15 to 0.40, o has a value of 0.25 to 0. 80,
p has a value of 0.025 to 0.2 and q has a value of O
to 0.2. 14. The antireflective coating conposition a s

13. Tﬁé %tﬁ@ﬂedtﬁe ebainy cla?np&ﬁl@ibﬁ @ cRlrh@bin@ 1Ml WewRdreiit R hhPa value of 0
has a value of 0.15 to 0.3, o has a val ue of

to 0. 2@ mhﬁStaovadllW@ 0.lp Wa(t4Qa 0\)@5 aealye of 003 tp §-89, p Banmualye Al 025 to
0.15. 15. The antireflective coating
Ozan%qrr}gasavtaugn()fgto C%al med in claim12 wherein the
sul fonate ester 2 2 ggrroouupp hhaass tthhee
ffoorrnmmuullaa R 2 OO -SSQO 2 --PPhh--((CCHH 2 )r -
14. Thpaptgefeqgtivg cgating qomﬂtl@n gt @@Hn‘?ﬁir inghaimg, hgrein m has a value of
>0 to 0.10, n has a value of 0.15 to 0.3, o has a value of 0.40 to 0.75, p has a value of 0.03 to

0.15 and q has a value of >0 to 0.15.

15. The antireflective coating composition as claimed in claim 12 wherein the sulfonate ester
group has the formula RZO—SOZ—Ph—(CHz)r— where R2 is an aliphatic group or an aromatic

group and r has a value of 0, 1, 2, 3, or 4.

16. The antireflective coating composition as claimed in claim 15 wherein the sulfonate ester

group has the formula -(CH7),Ph-SO,-OCH(CH3)5.

17. The antireflective coating composition as claimed in claim 15 wherein the sulfonate ester

group has the formula -(CH»),Ph-SO»-OCH>CH3.

18. The antireflective coating composition as claimed in claim 12 wherein R is a polyether

group.
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group and r has a value of 0, 1, 2, 3, or 4 . 16.
The antireflective coating conposition a s clained in
webk@pm 1?2 wherei n the sul fonate ester group haRCT/E82009/032907
formula -(CH 2 )2 Ph-SO 2 -OCH(CH 3 )2 . 17. The
antireflective coating conposition a s clained in
claim15 wherein the sul fonate ester group has the
formula -(CH 2 )2 Ph-SO 2 -OCCH 2 CH 3 . 18. The
antireflective coating conposition a s clained in
19. The aptifetectivaepting qRruipositign 3o FREpgbin cliguly. whereimhe is a mercapto
antireflective coating conposition as clainmed in claim
goUP12 wherein Ris a nercapto group. 20. The
antireflective coating conposition as clainmed in claim
12 wherein Ris an al kenyl group. 21. The
20. TaOhhtiefibest icMﬁir%%&ﬂﬁ@@iti@ﬁﬁp@ﬁirhé@iﬂ cBsmcl 2<’s‘§kzli€%§'ini1(11 i§ha iaHaenyl
12 wherein the resin contains 6 to 38 nole % of units
grouphavi ng -OR groups. 22. The antireflective coating
conposition as clainmed in claim12 wherein the resin
has an average nol ecul ar weight (Mvy) of 700 to 30, 000.
21. Tﬁg’ antl;llij@ﬁe(ﬂir\]f% e Vﬁtmlg%&ﬂp\() itibf ?1% LRI &PHRPS t1'2os9h ?in(iil@fe'gﬁci:ontains
In claim1 erein the solvent 1s selecte rom
6 to 38 mmd¢ Froofyunts haaparOR’ gpruppy| ene gl ycol nononet hyl
et hyl acetate ganmabut yrol act one, and cycl ohexanone
and m xtures thereof. 24. The antireflective coating
22. TROTRASHEIRR B RhiPRditibR a§ bRIMRILA B8 B WhdrBiRRe #eSin has an
10%to 99.9 wt % sol vent based on the total weight of
averagehmokrptlar wighttMwe oL dd tord§).ad0nposi ti on. 25. The
antireflective coating conposition as clainmed in claim
12 wherein there is 80 to 95 w % sol vent based on the
23. Thoh@lreM&tBBoffntddenRbitioh af tRfhédi@ Ot iXGherein the solvent is
conposition. 26. The antireflective coating
selectedbfypash-metwxug-propineb Propyleieslygol mopametiyhethpilacetate gamma-

butyré:lgggﬁjes,’ Ialtld Q%IOhexanone and mixtures thereof.

24. The antireflective coating composition as claimed in claim 12 wherein there is 10% to

99.9 wt% solvent based on the total weight of the antireflective coating composition.

25. The antireflective coating composition as claimed in claim 12 wherein there is 80 to 95

wt% solvent based on the total weight of the antireflective coating composition.

26. The antireflective coating composition as claimed in claim 12 wherein the composition
additionally contains a free radical initiator, photo-acid generator, thermal-acid generator,

photo-base generator, thermal-base generator and mixtures thereof.
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additionally contains a free radical initiator,
phot o- aci d generator, thernal-acid generator,

w@hb@voitiase generator, thermal-base generat or BOTUS2009/032907
m xtures thereof.27. A nethod for form ng an
antireflective coating on an el ectronic device
conprising (A) applying to an el ectronic device an
antireflective coating conposition conprising (1)

27. A;c’ | l ggbwf§ /@ing &n_ﬁ?:’tlreﬂ%:c)[n\% gt &0 n alse/' gctlleJ :?evgce)c(ogﬁ'_%smg

( mﬁmﬁl)ﬁn 2 X9 drlel€étR¥nic devid® a(n%ﬁhﬁf&ctv)@) ¢aati OB hpsitigh comprising
(R1SI (3 _x)/2(OR) x )q where Ph is a phenyl group, M
is dlh@ﬁ@%ﬂl@fi@@ﬁ pesiReonRrised @F Bgemitat om or a

hydr oc oup hay from1l to 4 carbon atons; R
is se|§%g§§b? Bﬁﬁaw2gh§ﬁﬁgulfonate ester group and a
m xture of an aryl sulfonate ester group and the

equi valiBdO@axy(ORibdoni ¢ acid group with the proviso
that in the mxture that the magjority of R are aryl

sul f onavleSExs g1» @OUPs; and R is selected from
substituted phenyl groups, ester groups, polyether

gr oups (RS®, (ORIYQUPS, and reactive or curable
organic fuﬁ%?ﬁ%nalx roups; and r has a value of 0, 1,

2, 3, 1 ; /Q@ﬁ» value of O, 1 or 2; wherein in the
resin has(é)% ué‘bf 0 to 0.95: n has a val ue of

0 were i Q-2$henfl é?@tg) e/ ﬁlal-iﬁetﬁle @0&}5 R Gs chﬁégenpat&ﬁ%ra

val ue of 0.025 has a 'value of 0t .5; and
hydroparbom greup havipg -fI‘O@p 1to 4 aarbom aho)nsaRg@Bqlgmtd fr@mdtn(aB)l sulfonate
renpvi t he the sij ses )
eser SR M Ere iR S aht P Bt T S pE ERTEHE AT sufonic
acid g%%ftl@ﬂie%r@@yd @t dGhe HeuahQre A8t RbMRArd AyChdoRhte ester
27 wherein mhas a value of 0 to 0.25, n has a val ue

group®fand R is selected from substituted phenyl groups, ester groups, polyether groups;

mercapto groups, and reactive or curable organic functional groups; and r has a value of 0, 1,
2,3, or 4; x has a value of 0, 1 or 2; wherein in the resin m has a value of 0 to 0.95; n has a
value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a value of 0.025 to 0.5; q has a
valueof 0to 0.5;and m+n+o0+p+q=1.;and

(i1) a solvent, and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device

28. The method as claimed in claim 27 wherein m has a value of 0 to 0.25, n has a value of
0.15 to 0.40, o has a value of 0.25 to 0.80, p has a value of 0.025 to 0.2 and q has a value of 0
to 0.2.

29. The method as claimed in claim 27 wherein m has a value of >0 to 0.10, n has a value of

0.15 to 0.3, o has a value of 0.40 to 0.75, p has a value of 0.03 to 0.15 and q has a value of >0
to 0.15.
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0.15 to 0.40, o has a value of 0.25 to 0.80, p has a

value of 0.025 to 0.2 and g has a value of 0 to O. 2.
wQ@009Tha2et hod as clained in claim27 wherei nP@T/D8X0€032907

value of >0 to 0.10, n has a value of 0.15to 0.3, o

has a value of 0.40 to 0.75, p has a value of 0.03 to

0.15 and g has a value of >0 to 0.15.30. The nethod as

claimed in claim27 wherein the sul fonate ester group

30. TH? ?nehho% afs %{a%ec? in clalmRZ'pwﬁgre{n tﬁe s&l%:sze esg:r Ig?%l has the rnéula
R O- S)({)%Qh (§812%h W%ereq{ Ean %ﬂplgzﬂ%%r&ﬁ; &oa% a?ém&ﬂlcaéfgﬁg ahﬁr has a value

erein e su e ester group
of 0, fgrgqhq_(CHZ)ZPh Sq 2-0OCH(CH3)2. 32. The The nethod as
claimed in claim30 wherein the sulfonate ester group
has the fornmula - (CH2) 2Ph- SO2- OCH2CH3 . 33. The net hod
S clalned |n | ai,m

o1 R R A BEA0 MR Br ko GRLYGHHGR FtPovia-

35. The nethod as clainmed in claim 27
(CHy ereﬁ%aﬁgﬁgﬁgp al kenyl group. 36. The nethod as

claimed in claim27 wherein the resin contains 6 to 38

nole % of units having -OR groups. 37. The nethod as
32. Toé dherectthod aslchiime®ih cliner #) wheleen the sulforfagesessn gapriag ehe

nmol ecul ar wei ght (Mv) of 700 to 30,000. 38. The nethod
formudes-(CHa) PbeSOnOEIE(HR7 wherein the solvent is sel ected

from| -nmethoxy-2- propanol, propylene glyco

nononet hyl ethyl acetate ganma- butyrol actone, and

cycl ghexanone and m xtures thereof.
33. Thé method as claimed in claim 27 wherein R is a polyether group.

1
34. The method as claimed in claim 27 wherein R is a mercapto group.

35. The method as claimed in claim 27 wherein R1 is an alkenyl group.

36. The method as claimed in claim 27 wherein the resin contains 6 to 38 mole % of units

having —OR’ groups.

37. The method as claimed in claim 27 wherein the resin has an average molecular weight

(Mw) of 700 to 30,000.
38. The method as claimed in claim 27 wherein the solvent is selected from 1-methoxy-2-
propanol, propylene glycol monomethyl ethyl acetate gamma-butyrolactone, and

cyclohexanone and mixtures thereof.

39. The method as claimed in claim 27 wherein there is 10% to 99.9 wt% solvent based on

the total weight of the antireflective coating composition.
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39. The nethod as clainmed in claim27 wherein there is
10% to 99.9 W % sol vent based on the total weight of

wo b@oantipy ef | ecti ve coating conmposition. 40. TheCTES1909032907
as claimed in claim27 wherein there is 80 to 95 wt%
sol vent based on the total weight of the
antireflective coating conposition. 41. The nethod as
claimed in claim27 wherein the corrpositi on

40. Tﬁg g}el&ho%nagl Am&S ?alnmsrﬁwtelfr:rr%gﬂ tilgre 1§: gd) to % ! t% svent based on the

O- acl ener gener

total vpéi@ﬁt@fkﬁas@t@mﬁaé &atink Iaelmpashb@se gener ator and
m xtures thereof. 42. The nmethod as clained in claim
27 wherein the antireflective coating conposition is

41. Tp? Hle'th%q a@éla‘?rﬂé@l (gé}ﬁﬂ @ﬂwhgjeﬂl O @5&1&%&1&%&@%&1&?}% 'c&gcams a free

OW- coatl ng, oOr screen printi
radicat irdiiared photoeicad gandtaheesnal- atchhgmﬂtaltdrep}iceabase%eoaatdrngermal—

osition is |ied by spin-coating. 44. The method
base gﬁgg}épélaﬂ‘éauﬁ‘tﬁreéa}%e 27 wherein removing the sol vent

and curing conprises heating the coated substrate to
8Q0C to 4500C for 0.1 to 60 m nutes. 45. The nethod as
42. Tot sietied aswlashed m dzimwkieweemin the actineflegive akesngydcagsition is

: i t atnosph 46. A net hgd
soplicd | Pitp R R Sratier Sy Coliiee BOuToANs P HTECt Mg
coating conposition conprising (i) silsesquioxane
resin conprised of the units %Ph CH2)rSi (3 _x)/2
43. Thorefhodyamctaugpdynarlain) 42wharin t Qpﬁlr@ﬂwVQCgatmg)qo@Ho@mop is
applicd§ GREFA /2 TR) X )P (RIS A3 )/ 2ATR) x)a

44. The method as claimed in claim 27 wherein removing the solvent and curing comprises

heating the coated substrate to 80°C to 450°C for 0.1 to 60 minutes.

45. The method as claimed in claim 27 wherein the curing takes place in an inert

atmosphere.

46. A method comprising
(A) applying to an electronic device an antireflective coating composition comprising

(i) silsesquioxane resin comprised of the units

(Ph(CH2);SiO3.x)2(OR "))
(HSiO(3.x)2(OR")x)n
(MeSiO3.x)2(0R")x)o
(RSi03x)2(0R")x)p

(R'SiO(.x)2(0OR)y)q

where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a

hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl sulfonate
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where Ph is a phenyl group, Me is a nethyl group; R
i s hydrogen atom or a hydrocarbon group having from1l

wa eood/1cebon atons; R is selected from an aryl PCT/US2009/032907
sul fonat eester group and a m xture of an aryl
sul fonate ester group and the equivalent aryl sulfonic
acid group with the proviso that in the m xture that
t he naj ority of R are aryl sulfonate ester groups; and

ester %ro%% ar?cF a Sl%‘f:tlell%t% QM Qﬁ%gﬁsnatté'l és%er g?%)nz}/nd #HL quHValgne[ ‘fﬁ sulfonic

acid gf@@)c\t/ith/ the@rodsy tbt @ the gattue thamﬁé majoity gf RUpsiryBdidifonate ester
has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1
groupgrand ;R vike¢ledtad fromt sabstitesd phenyh asougs,waten @ravps,pol yetier @bgups;
n has a value of 0.05 to 0.95; o has a value of 0.05
mercap® gro@m apd frastiee Qrazlumblmrgahi@ﬁlﬁmionﬂ ghoupy; dmalsr lms vaklpe of 0, 1,
of 0.t
2.3, 4 S b2 Vi Cy! Meatierry® imB sti s adalis i ig Bggan has o
value $f b 9S8 610109 X3A% 4 RFudloft ®OF &F MR @ital valifel FOL12560 OFRGIHAY 2
on the electronic device; (C formng a filmof resist
Valueef)ﬁrm)@ﬁt a@nmomntFWDﬂCIhé ;andireflective coating; (D)
E‘g se exgosn ng the resist filmto radiation to
pr od{ibé Rk 3Bed film (E) devel oping the exposed
(B) reﬁidv[ﬁgttﬁe P10 GRd &!ihﬂg@@ @ﬂse@g\ﬂoffn): r&i Y 8mtaR&ntiFoRE&ive coating
into the antireflective coating. 47. A resin produced
Onthﬂogleqtmlqwmd conprising reacting water, HS1X3,
(O) fo NE%X ﬁlma o rgrlatacﬁ)rr]nd O%)R]::OIHOO?I%OP V\ﬁ]tﬁhg%zhecrtlsvle)é ?ﬁd;grablR o
(D) inggeWise e4Posidd e r&sdt filiao eddaativndo prbdﬁab@hm%smﬁml n

the silane RS1X3 is produced in situ.
(E) developing the exposed film to produce an image; and

(F) etching the image into the antireflective coating.

47. A resin produced by the method comprising reacting water, HSiX3, MeSiXs3, RSiXs,
and optionally Ph(CH»),SiX3 and/or RISiX3 in an organic solvent, where X is a hydrolyzable

group.

48. The resin as claimed in claim 47 wherein the silane RSiX3 is produced in situ.
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