SI LSESQUI OXANE RESI NS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None
BACKGROUND [ 0002] In the photolithography process, exposure of a

phot or esiwD 20m/d68536i ght is an inportant step in attaini pgraisbeioghsriesol uti on
imge. Wth the continuing demand for snmaller feature sizes in the

sem conductor industry, 193 nmoptical |ithography has energed very
recently as the technology to produce devices with sub-100 nm features. The
use of such a shorter wavel ength of |light requires the bottom

antireflective coating (BAl t ection on substrate and
danpen the photoresi st swin 1&15%@3@@%@%%@?3&% ght that has passed though
the photoresist. Commercially available antireflective coatings consist of
bot h organic and inorgani c based materials. Typically, the inorganic ARC,
whi ch exhibits goodCR ﬁ-RE:EE%EHﬁEeT,ORﬁml%a\é’é’&lﬁﬁélq)gssubj ect to all the
i nt egrjhg@gl% séadvant age of extrene topography; on the other hand, the

or gani materials are appl i ed by spin-on process and have excel | ent
fills and planarization properti eBAGKGROUMN®Rr from poor etch selectivity to
organi c_photoresists, As a result, a material that offers the conbi ned
advant 49@%21&1 thsy Rotelh QAP NYRIPeRaRi CXPRRE Pis2 AQiHeyisfad] Y Hight is goasportait hi s

[ 9ar sep'fs BN SRENHBIELTFRUE Ot MY ciBhbih ReRBGIYY: s UHE] dpased

si | sesqui oxane résins exhibit excellent anti-reflective coati ng properties
for 193izemin thgkemicAhdioearghdBatyt 098 wintoptiRé flitlegtiphe h@oamerpgs vEBARGntlyat er i al s

can effectively reduce the reflection of gctivat] radi ation, renoval of
BARC b PSRy OHSTHUARKGT Yk R UERTy oD SRR e Shcthaoster t e
under | Wi ngieuisdaherdiate DBEBoisih ¥inGRALLHARILAG : (BIERCEY R B@lceRROCESS tO
remove BARC i's by a pllasma etch process. However, plasma etch often cause

t hi nni ngflesftioa ophobstragsirsttdampga the pwtaesigswling curhéy pbiorbingdightithattes
Dot O o Bl RS ST bR B« DR MR SRR L ol
organic and inorganic based materials. Typically, the inorganic ARC, which exhibits good
etch resistance, is CVD based and is subject to all the integration disadvantage of extreme
15  topography; on the other hand, the organic ARC materials are applied by spin-on process and
have excellent fill and planarization properties, but suffer from poor etch selectivity to
organic photoresists. As a result, a material that offers the combined advantages of organic
and inorganic ARC is highly desired.
[0003] In this regards, we have recently discovered that certain phenyl-hydride based
20  silsesquioxane resins exhibit excellent anti-reflective coating properties for 193 nm light.
Although Bottom Anti Reflective Coatings (BARC) materials can effectively reduce the
reflection of activating radiation, removal of BARC materials without damaging the
overlying photoresist and/or the underlying substrate has been very challenging. The typical
process to remove BARC is by a plasma etch process. However, plasma etch often cause
25  thinning of a photoresist layer. As a result, the patterns on the photoresist layer may be
destroyed or becomes not transferable to the substrate layer. Plasma etch may also cause
damage to the substrate thereby affecting the performance of the final device. What is more,
the additional etch step for removing the BARC material increases cost and process
complication in photolithographic practice. Therefore it is desirable to have an antireflective

30  coating material that may be removed by means other than plasma etch.



damage to the substrate thereby affecting the performance of the final
device. Wat is nore, the additional etch step for renoving the BARC

mat eri al woenmasesccost and process conplication in photolriusha@gnenks c
practice. Therefore it is desirable to have an antireflective coating
material that may be renoved by neans other than plasnma etch.[0004] This
i nvention pertains to silsesquioxane resins useful as an antireflective
coating | ayer for photolithography Thi s invention nor e specifically

pertal ses oxan terl cont ai I’l

Do boxy 0Pl S i PEEH R AN o TR ok S B A S B o ang
are I eghydr @it pHo@l REREPHS. Thils VeEhEos Hoke grcificB pertrltepladiiesnguioRiite ar e
devel oper- sol ubl e when cured at 250 C or below. In addition Si-rich ARCs
pr oduc BRteiiY erREIRGeasRY MPiGHC t Therrasiory durptioplaneesaiorans 1sHBW BRcel | ent

dry- et oLt §AnaeARLER. SUMMARY 4000810111 SR Y BENIAPERLALAS !

carboxy unc I onal sesqui oxane resins use in an tive’ coat|ngs
whesei rard h@zemplese@lqueMneured&lt 050 S Canrplows eld adﬂltltohslmmhtﬁs{(Cﬂnbﬂihd%d
)rSEQ3.x)/2 (OR) x )m(HSIQ(3 x)/2 (OR) x (MSI(3 x)/2 (OR) x )o
(RSi O drom herarhexyl fl&lcw TRESUEPBNK S IORIGW £X§ %&raf@t epigtalcerhenyl  gr oup,
Me is a nmethyl group; R is hydrogen atom or a hydrocarbon group havi ng
from1l to 4 carbon atonms; R is selected froma carboxylic acid group, a

car boxylic acid forning group OBRAEKSUMMBIARMreof; and Ris selected from

substi t hen rou ste ether r ; r.capt o groups,
ur 1 ur 0 T RS eu e G e P oA R sl S IR g ae s RO SIS or oup, aryi
suljphoninGir&rt&Ve élfaﬁﬂgsswhéir@ﬁl th€@fkig(foxthe GM4IARIEmPFEANITGhd MGt i onal groups;

and r has a val ue of 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein

in the [(m3CH, 8. @mﬂy@ of 0 to 0.95; n has a value of 0.05 to 0.95; o
has a val ue o?sgﬁtéﬁz 95; p has a value of 0.05 to 0.5; q has a value of O

to 0. 9315308 Jh(OR )0,
(MeSiO(3_X)/2(OR’ )x)o
(RSi03.x)12(OR")x)p

15 (R'SiO@.x2(0R)x)g

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 a carboxylic acid
1
group, a carboxylic acid forming group or mixtures thereof; and R is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
20  organic functional groups, hydroxyl producing group, aryl sulphonic ester 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 to 0.95; p has a value of 0.05 to 0.5; q has a value of 0 to 0.95; and m
+n+o0+p+q=1. When these resins are used in antireflective coatings, the cured films
25  exhibit excellent solvent resistance (i.e. PGMEA) and can be removed by a variety of means

including etching, wet developing, wet stripping and others.



+n+o0+p+ gl Wenthese resins are used in antireflective coatings,
the cured filnms exhibit excellent solvent resistance (i.e. PGVEA) and can
be renovestolyiomesmri ety of nmeans includi ng etching, wet pdewsk@piong2s wet
stripping and ot hers. DETAI LED DESCRPTI ON [ 0006] The sil sesqui oxane resins
useful in formng the antireflective coating are conprised of the units
(Ph(CH2 )rsSia3.x)/2 (OR) x ym(HSI Q3 x)/2 (OR) x )n (MeSiQ(3 _x)/2
(OR) x)o (RSTQ3.x)/2 (OR) x)p (RIS Q3 x)/2(OR) x )g where Ph is a
phenyl group, Me is a nethyl ; i en atom or a hydrocarbon
group having from1l to 4 cargggﬂgﬁé%gpﬁ$?{?@éﬁgcted froma carboxylic acid
group, [8006" DB Yilsesquadiatle FRM¥RGUDINAIEMDIE (He XithERSLVE ecsa@mF Jar@dinfrises

sel ected from substituted phenyl groups, ester groups, polyether groups;
mer capt® i Wifss, sul fur-containing organic functional groups, hydroxyl
produci n rQu aryl sul phonic ester groups, and reactive or curable
organidPgﬁﬁéﬁﬁgﬁékwgﬂgﬁﬁspland r has a value of 0, 1, 2, 3, or 4; x has a
value of 0, 1 or 2; wherein in the resin mhas a value of 0 to 0.90; n has
a val udbBsi0g.,056(@R)Pn99; o has a value of 0 to 0.95; p has a value of 0.01
to 0.5; q has a value of 0 to 0.5; and m+ n + o+ p +q !l . Typically m
has a wakﬂEO§LQ@«D53§Q 0.25, alternatively 0.05 to 0.15. Typically n has a
value of 0.15 to 0.80, alternatively 0.2 to 0.75. Typically o has a val ue

of 0.2§R5g3§:§9«n@b®ernativer 0.4 to 0.75. Typically p has a val ue of
0.015 to 0. 35, alterﬁatively 0.025 to 0.25. Typically g has a value of 0 to

0. 15, | at i ¥\0 to 0.1. [0007] R is independently a hydrogen atom or
hydrocgbﬂgﬁﬂb?%ﬁgiﬁgﬁing 1 to 4 carbon atons. R nay be exenplified by H,

net hyl, et h%her@f’ﬁ V7 phén?p'lgﬁg,mﬁ _i@zpﬁileﬁ’iéﬂ %ﬁlouﬁ,{ ROQ8§ dllo%eﬁ Qt%nf &sin Ris a
carboxylic acid group, a c%rb xylic acl ormng group or m xtures
10 hydrocarbon group having from 1 to 4 carbon atoms; R is selected from a carboxylic acid

L . . 1.
group, a carboxylic acid forming group or mixtures thereof; and R is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
organic functional groups, hydroxyl producing group, aryl sulphonic ester groups, and
reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a
15  wvalue of O, 1 or 2; wherein in the resin m has a value of 0 to 0.90; n has a value of 0.05 to
0.99; o has a value of 0 to 0.95; p has a value of 0.01 to 0.5; q has a value of 0 to 0.5; and m +
n+o+p+q=1. Typically m has a value of 0.05 to 0.25, alternatively 0.05 to 0.15.
Typically n has a value of 0.15 to 0.80, alternatively 0.2 to 0.75. Typically o has a value of
0.25 to 0.80, alternatively 0.4 to 0.75. Typically p has a value of 0.015 to 0.35, alternatively
20  0.025to 0.25. Typically q has a value of 0 to 0.15, alternatively O to 0.1.
[0007] R’ is independently a hydrogen atom or hydrocarbon group having 1 to 4 carbon
atoms. R’ may be exemplified by H, methyl, ethyl, propyl, iso-propyl and butyl.
[0008] In the resin R is a carboxylic acid group, a carboxylic acid forming group or mixtures

thereof. Examples of carboxylic acid groups are those of the general formula -

25 R2C(O)OH where R2 is selected from alkylene groups having 1 -10 carbon atoms.
Examples of carboxylic acid forming groups are those of the general formula —R2C(O)OR3

2
where R is selected from alkylene groups having 1 -10 carbon atoms, and R3 is a protecting

group. Protecting groups are organic or silyl groups that cleave under acidic conditions to

3



t hereof . Exanpl es of carboxylic acid groups are those of the general
formula 2 2 R C(O OH where Ris selected from al kyl ene groups having 1 -10
car bon atworn10d6833Exanpl es of carboxylic acid form ng groups2@mwectibdse of
the general formula -R C(OOR 2 3 where Ris selected from al kyl ene groups
having 1 -10 carbon atons, and Ris a protecting group. Protecting groups
are organic or silyl groups that cleave under acidic conditions toyield the
correspondi ng carboxylic acid group. Protecting groups may be exenplified,
but not_.limted, by t-butyl, tri.nethylsilyl. anhydride, grou :

ot hy! TSRS Fitesedielie Sttt s mietRy Praine SarE R PRI g by

p- met hawy beiey) byeskgyl, tranéth @bingr snhyvaay g@lipd, heetpy Gl @hdthIGs@F,0ups are
described in "Protective groups in organic synthesis" by Greene and Wits,

3rd Edibtenaroxyagjbgestensiphengipohylrsies psapbexdwneylshics @nd ofhert &daphehy |

R e R A L

gr oaps,Wand3T Ediionyeages6Tushabl e organi ¢ functional groups. Substituted
phenyl groups, contain at |east one HO-, MeO-, Me-, Et- O - and/or other

subst i t[080Rt]R  iEstlected) froupsibrtitytedhamyt corupaniser subps | pagthergomtpai ni ng at

| east one ester functionality. Exanples of ester groups useful herein are

- ( CH2M -1 o) Reougpculipceamaion@)or Qivke fupetignat pronpgyhydies ybpredeging gepapi ¢
substi tuent . havi ng _hydrocarbon units |inked through oxygen 4

¢ epr csaitouPtlie st HRE A Pleh™ fieorbits Blaeh HR0eR AR, Ryl qo

) b] cORhenyihes@isitontain # I¢ast 6nelAO-,ME02 M@, Bt- (- and2ort hedQ@bstiticatdd, Estdrkyl , or
ot her organi c groups. Exanpl es of polyether groups useful herein are -(CH2

) 3-10ocraHr ma vy argayip sybstifuertepatapningaCepsa ale egtaHpngtpnaltgHBHRPIPs - OAc
and -(CH2 )3-(OCH2CH?2 ) c- O Me. Mercapto groups
( of est)er gr(oups useful h)ereincgr(e —2CH2)2—O—C(8PM6 arglld —%Jé)Hz)z—C(O)—OMe. Polyether
groups are an organic substituent having hydrocarbon units linked through oxygen atom,

represented, but not limited, by the following structure: —(CHz)a[O(CHz)b]COR4, wherein a =
2to12;b=2to 6; c=2to 200; R4 = H, alkyl, or other organic groups. Examples of

15  polyether groups useful herein are -(CH»)3-(OCH>CHy).-OMe, -(CH»)3-(OCH>CH»).-OH
and -(CH»)3-(OCH,CH3)7-OAc and -(CH3)3-(OCH>CH>,).-OC(O)Me. Mercapto groups
have the general formula HS(CH»)4- where d has a value of 1- 18, such as mercaptopropyl,
mercaptoethyl, and mercaptomethyl. Aryl sulfonic ester groups have the formula RSO-SOZ-

Ph-(CHy)r- where R5 is a hydrogen atom, an aliphatic group or an aromatic group and r has a
20 valueof 0, 1,2, 3, or4. Aryl sulfonic ester groups may be exemplified by, but not limited to
HO-SO»-Ph-(CH»)r- or (CH3)2,CHO-SO,-Ph-(CHy)r-. Reactive or curable organic functional

groups may be exemplified by, but not limited to alkenyl groups such at vinyl and allyl;
epoxy groups such as glycidoxypropyl group and epoxycyclohexane group, acrylate groups
such as methacryoxypropyl groups, acryloxypropyl, and others.

25  [0010] The typical method for producing the silsesquioxane resin involves the hydrolysis and
condensation of the appropriate halo or alkoxy silanes. One example is the hydrolysis and
condensation of a mixture of phenyltrichlorsilane, trichlorosilane, a silane having a

carboxylic acid or carboxylic acid forming group, methyltrichlorosilane and optionally other

4



have the general fornmula HS(CH2 ) J- where d has a value of 1- 18, such as
nmer capt opr opyl, nercaptoethyl, and nercaptonethyl. Aryl sulfonic ester
groups hawe 20twegssmul a R 0-SO 2 - Ph-(CH2 )r- where R ipsTasbyodnegen at om
an aliphatic group or an aromatic group and r has a value of 0, 1, 2, 3, or
4. Aryl sulfonic ester groups may be exenplified by, but not limted to

HO SQ2-Ph-(CH2 )r- or (CH3)2CHO SQ2-Ph-(CH2 )r-. Reactive or curable
organi ¢ functional groups may be exenplified by, but not limted to al kenyl

groups such.at .vinyl. .and allyl; 0X r.oups such . .a l yci ypr.opyl group
o Bo M bicr RS il by PR TEE PotHRe 4R AL TOIBARRY
gr oups,ORTWi RX¥RT PRME silseighi®ane F&in 4001t Jhiacénipleealydraydioer f or produci ng

t he silsesqui oxane resin involves the hydrolysis and condensation of the
appr opracadenspftino 16hegplabspowitjol yaids inthesiksedweang sesirheontaiains HMR's and
condensat i on. of ' f I - il tri il ,

Gy e L T S e S R e

met By tsilseshhiok osd desin@oataths Gpbd i3emadley dbtuhis csrg@nok tHOR | @owgs, alternatively
trichlorosjlanes. By this method it is possible that residual -CH and/or -

OR  wi IlFssithafar Moo talsmafivelx dgaiiRadnBoledsi n as a result of inconplete
hydr ol y@¢ i o . 1 it
yaro Wﬁbﬁ]%he%ﬂ@&ﬁﬂi%?gﬂeq@sm hbs B%dgh?g%r%@H@Eulg Wéﬁ%létt (r??/lo*/?m t?ﬁ éar?geg gr | ation

si | sesqul oxane resin contal ning gro exceed e%
and i nst0abo RDG,Y0® hltdrhaivebsinrthevaygo oL M0, toTPPI0OA] dlteriatieelyiih sesqugeoxfal® resi n

cont ai ns 38 . nol e% of its contajning -OR qgr S lternatively | ess
C han 58 3P 000 2 edlPres ey 8 e uih b i oty Sl e RE e SR orane

regign eyl @htdagieer age nol ecul ar wei ght (My) in the range of 500 to
200, 000 alternatively in the range of 500 to 100,000, alternatively in the
range dPOI2]I0Theon@bodBO@repsride b éHernane desbycqeprisse raretdng mranghgamas@ynaphy

enpl oying Rl detection and pol ystyrene standards. [0012] The nethod for

pr epar mS agnigturg hyikane éf‘sﬂicﬁng&ﬁmpiﬂﬁ@g HY¥et R IXsatndrniienslty Mebient (A) a

m xture of silane reagtants conprising HS X 3 , and RS1X3, and optionally
MeSi X3,PHPEHGHSIX 3, ShdB, Sindvikh & )Xatew, wheieBY isvalhyatrolywibde groXpiislepetniedtlpl yzabl e
group i ndependently selected fromd, Br, CH3CO2-, an al koxy group -OR, or
ot her hyreel YaabCe Ry OHRES 0,1 ha alkoxy group —OR’, or other hydrolyzable groups. The

15  silanes useful herein can be exemplified by, but not limited to, HSi(OEt)3, HSiCl3,
PhCH>CH>SiCl3 , and PhSiCl3, MeSi(OMe)3, MeSiCl3, RISiC13 and RISi(OMe3)3 where

R1 is as defined above, Me represents a methyl group, Et represents an ethyl group and Ph
represents a phenyl group. In the reaction mixture there is typically 0 to 90 mole%,

alternatively 5 to 25 mole% Ph(CH>),SiX3, 5 to 99 mole%, alternatively 15 to 80 mole%
20  HSiXs, 0 to 95 mole%, alternatively 25 to 80 mole% MeSiX3, 1 to 95 mole%, alternatively

1.5 to 35 mole% RSiX3, and 0 to 50 mole%, alternatively O to 15 mole% RISiX3 with the

proviso that the sum of reactants equals 100 mole%.
[0013] Carboxy functional silanes that may be used in the preparation of the silsesquioxane

resin, may be exemplified by, but not limited to,
25 (Me0)3Si-(CHy)-COO'Bu
(Me0)3Si-(CH,)¢-(OCH,CHy)o-COO Bu
(Me0)3Si-(CHy)»-COO-SiMe3



silanes useful herein can be exenplified by, but not limted to, HSi (OEt)3,
HSiC 3, PhCH 2CH2 Sid 3, and PhSid 3, MeSi(Ow) 3, MSIiAd 3, RIS A 3
and R1Si (vbkRoB/6833¢here R is as defined above, M reprepemus2@ometibyl

group, Et represents an ethyl group and Ph represents a phenyl group. In
the reaction mxture there is typically O to 90 nole% alternatively 5 to
25 mole% Ph(CH 2 )rSiX3 , 5to 99 nole% alternatively 15 to 80 nol e% HSi X
3, 0to 95 nole% alternatively 25 to 80 nole% MeSIi X 3, 1 to 95 nol e%
alternatively 1.5 to 35 mol e% RSi X 3 , and O to 50 nole% alternatively O
to 15 nol e%(&f@)}@ WiHBa- ﬁ%HQQHQ}es%OQh%lMGBhe sum of reactants equals 100
nol e% [0013] Carboxy functional silanes that may be used in the
preparation of the silsesquioxane resin, may be exenplified by, but not
limted to, (MO 3' CH 2 )2-C00 Bu (M Si-(CH 2)d-(OCH 2CH2 ) e- COQx Bu

(MO 38|-(q1<1/[g09 COO-{Si Me 3(IVEO)(M$O)£S$U 2))1-(OCH 2CH2 )C-COO-Si e 3
wherein Me is a é oup, Bu is a t-buy group, mhas a value of 2 or
3 and n has a value f 1 ©o 10. [0014] The a nt of water in the reaction

is typically in the range of 0.5 to 2 noles water per nole of X groups in
the silane reactants, alternatWvely 0.5 to 1.5 noles per nole of X groups
in the silane reactants. [001%] The tinme to formthe sil sesqui oxane resin

i s dependent upommg»gynber ctors such as the tenperature, the type and
amount of silane react t he amount of catalyst, if present. It is
preferred to carry out the reqction for a time sufficient for essentially
all of the X groups to undergdhygdgol ysis reactions. Typically the reaction
time is frommnutes to hours, alternatively 10 minutes to 1 hour. The
reaétion to produce the S|Isequ|oxane resin can be carried out at any
tenperature so long as it does noty cause significant gellation or cause
curing of the silsesquioxane resifi. The tenperature at which the reaction
is carried out

0 )

Si(OMe), o)

wherein Me is a methyl group, tBu is a t-butyl group, m has a value of 2 or 3 and n has a

value of 1 to 10.
[0014] The amount of water in the reaction is typically in the range of 0.5 to 2 moles water
10 per mole of X groups in the silane reactants, alternatively 0.5 to 1.5 moles per mole of X
groups in the silane reactants.
[0015] The time to form the silsesquioxane resin is dependent upon a number of factors such
as the temperature, the type and amount of silane reactants, and the amount of catalyst, if
present. It is preferred to carry out the reaction for a time sufficient for essentially all of the
15 X groups to undergo hydrolysis reactions. Typically the reaction time is from minutes to
hours, alternatively 10 minutes to 1 hour. 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. The temperature at which the reaction is carried out
is typically in the range of 25 °C up to the reflux temperature of the reaction mixture.
20  Typically the reaction is carried out by heating under reflux for 10 minutes to 1 hour.
[0016] The reaction step comprises both hydrolyzing and condensing the silane components.

To facilitate the completion of the reaction a catalyst may be used. The catalyst can be a base

6



is typically in the range of 25 OC up to the reflux tenperature of the
reaction mxture. Typically the reaction is carried out by heating under
refl ux fowoh0iomesasses to 1 hour. [0016] The reaction stepTaseEwiosass bot h
hydrol yzi ng and condensing the silane conponents. To facilitate the
conpletion of the reaction a catal yst nmay be used. The catal yst can be a
baseor an acid such as a mneral acid. Useful mneral acids include, but
are not limted to, HO, HF, HBr, HNOG3, and H2SO4, anong others, typically

C . The b f_HO .aci ds i h Latil id
P R L R I

conpl etfqald HBEHeINODuAd H9$og:&h@hg%thefmyy@@mr}@blonrhetb%n&atdﬂr}ml ofehearount of
catalyst is typically 0.05 wt%to 1 wt% based on the weight of (A + (B).

[0017] ‘olatde adidlyis thata velatineciq eacheaansy eameovef dioar thaspmpetitiph By FiiPREEer or
spar i nglpy, 50l ubl; n'ls“ ‘4‘&5} L. Arhe L@k PLadh tsma%&g)ehg%ﬁ&és%mké 1%@”' ed out

in an organic so ven € organi ¢ solven sent in any anoun
suf 6i ciaemtunt of eitdgalisgpichy 8105 ane foclawtdabbsed ohythe s@lghy of (e +o(Byani ¢ sol vent
IS pre[éﬁf”fron11 t?FQQ wei ght percent, alternatively 70 to. 90 mﬁ@bbased on

the wei denemlly.t B)lan%g@%t%nts BEGARPC sphrBlGHE Wy ob sPasghIolYlIel by, but

not |i g 4&d IB(Pightsé"fttHirs ﬁea% libP Rk cﬁft“fﬁ"arfiér Qm@%‘lr\/@iﬂeéfhlg%)f?a'ﬂﬁc solvdAERt ane,
and i sooct ane; “cycl oal i phati cs suc as cycl opentane and cycl ohexane;

aronat i m&esmhnaarrbamzmﬁféqwntab dEBKd,Ve thy:l sdmie; repsnts.y Tepiegllyethh ergms:uc h as

t et rahydr of uran, dioxane ne die th hyl ene gl ycol
i ot P BT Pk e 6 e ! Foutth Re SR hb ey Shige
cyalohexagang; Ahalegenysspsdrbdnid &ﬂvéﬂtéﬁ%ﬁ?ﬁe SxGhplaRedityl Bl % ABfiRaARS;

hal ogenat ed aromati cs such as bronobenzene and chlorobenzene‘ esters such
as pr opytueated glltglabts ywsh @ﬁe-tmmanethqeaneanénemaee (an@mytamr wblaﬁlyphatlsbmhyr ate

and propy r onat.e. L? ef ul i.cone ;solvents i.ed . by, but
ot 11 iorelPpgRaRh Evah Gl sl et B iRt TR oTB Rt " and

decarretdﬂh/drgmhap@aiaa;}dﬂoamﬂehoxansldﬂgll@esg)yobeatetmyetha aﬁlﬁmn@rglyaom xture of
solvents may be used. [0018] In the process for making the silsesquioxane

resin, dmedyl ether ketaees syah psmedpsdugy] koona(MIBK) ard cyséohesroredhalogsi t he
si | %es%ﬂbﬁﬁf’i‘tgg afkﬁﬁésrgua? Lléjﬁ‘fcﬁﬁr(')’é?ﬁla%r ; ﬁaqgéé(fﬁgd REStRatiS Such as bromobenzene and

chlorobenzene; esters such as propylene glycol monomethyl ether acetate (PGMEA), isobutyl
isobutyrate and propyl propronate. 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
20  beused.
[0018] In the process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure.
Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid
(chlorosilanes routes) and solvents. Methods for removing volatiles are known in the art and
25  include, for example, distillation or stripping under reduced pressure.
[0019] Following completion of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst are well know in the art and would include neutralization,
stripping or water washing or combinations thereof. The catalyst may negatively impact the
shelf life of the silsesquioxane resin especially when in solution thus its removal is suggested.
30 [0020] To increase the molecular weight of the silsesquioxane resin and/or to improve the

storage stability of the silsesquioxane resin the reaction may be carried out for an extended
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Such vol atiles include al cohol by-products, excess water, catalyst,

hydrochl oric acid (chlorosilanes routes) and sol vents. Methods for renoving
vol ati | esweneidkessss in the art and include, for exanpl epcaiustodoloatizdHn or
stripping under reduced pressure. [0019] Follow ng conpletion of the
reaction the catalyst may be optionally renoved. Methods for renoving the
catalyst are well know in the art and woul d include neutralization,
stripping or water washing or conbinations t hereof. The catalyst nmay

negativ act ui oxan cially
when | st ol BRSPS padd G O o F pbarERt a0 SO e R e
mol ecul s@dp”yven@htsodgingtéf@ Bhy BesgHE@¥aNRAbeRGEM t@ﬂfUI@zﬁctioﬁ steplvr QY art Bethet or age
stability of the silsesquioxane resin the reaction na¥abe carried out for

an ext éﬁ%f@apéwpoar yatcally.rie Dpdyingheen issgrred oyt & agrerigp of Bmene thegppgpof 10
te”p?rg% %Q&‘rssaﬁ{ \ﬁfa%?]&"z%qgﬁﬁh 9($5§Buk; The bodying step may be

carrie sequen e reac ion step or as part of the reaction
st ep. 1[9021(] &Fdll}bwlﬁg”llﬁe bediiome @beyreithe cisesquidk aaeliesfrod n@npardf ogdtiedal ktepe 1 n
the range of 10 mnutes to 6 hours alternatlvel 20 m nutes to 3 hours.

[ 0021] m@f%%ﬂaai Yo PREMY e §IICSIPPEHE E 1R Het %ﬁ?%@ééeﬁ%xﬁweexa@glenthg nurber
of opt 's%@sgui%&%emn cweﬁéa lﬁ%hc? RorR Aol 1 tBd LI eSAUTRX ARgh&F N i1 N

the desiread form For anp , the silsesqui oxaneresin may be recovered in
sol i d fsolvenbyemoenioy nngeritivel mwl nuemrousThethodst drodetifknswhvetite arele@gval i s not

critical. NUMer ous hods are well known in the ar distillation
Cnder AR T PaR or YD : (e e AR aberer Bet b P Bt n
soljipd ffeff) the R&in @five o%ﬁﬂnah?y eRldseRad liythe8ale 55 MRS sbRehi¥er § pARIcAIar anot her
solvent for a particular usé. Alternativel if a different solvent, other

t han t heesdllicsmativalyed a diffeleat SIOé\fﬂl;lt,lOdwr thas the selvend upestinttherepgtiva, ispr oduct, a

solvent ex one a seconda | vent and re |ng t he
Frret SsrUnOPAR R RRRRET T i BRChREs Mal TR APREE kAR Thtsen g eRR Lo P

concentandtré@dvih g tiedirveddlvepathrihailjtisties, fbye)(a@r[ﬁlléll A@dlﬁ@ﬁ@lyg)ﬂletrbﬁn sol vent or
addi ng addi tional amounts of solvent. [0022] Another nethod for producing
the si |COBSHGRBRAHESOIES} panchsrashysiasisbygieRroy Inggropset clesy sobespbaRdddEc ar boxy

contsai Nj;ng; MRNAEL LR St arting sil sesqui oxane resin. The typical

[0022] Another method for producing the silsesquioxane resin comprises grafting the
corresponding carboxy containing monomer onto a starting silsesquioxane resin. The typical
method for grafting the corresponding carboxy containing monomer onto the starting
silsesquioxane resin is by the hydrosilylation of a carboxy containing olefin onto a Si-H

20  containing silsesquioxane resin in the presence of a transition metal catalyst.

[0023] Carboxy containing olefins useful herein include organic molecules that contain a

double bond and a carboxy containing group, —C(O)OR3 where R3 is as described above.

The carboxy containing group may be exemplified by carboxylic acid (R3 = H), a carboxylic

anhydride or a carboxylic ester. When the carboxylate group is a carboxylic ester group, it
25  has a protected organic group, which may be cleaved under the reaction conditions to yield
the corresponding carboxylic acid.

[0024] Carboxy containing olefins useful herein include, but are not limited to,
CHy=CH-(CHy),-COOR’
where R3 can be tBu, SiMes, SitBuMez, or CPh3; and g=0to §;

30 CH=CH-(CH2)g-COO-CH,-OMe



met hod for grafting the correspondi ng carboxy containing nononer onto the
starting silsesquioxane resin is by the hydro silylation of a carboxy

cont ai ni /yoabmidees3ent o a Si-H contai ni ng si |l sesqui oxane PCEAISR0M06112E
presence of a transition netal catalyst. [0023] Carboxy containing ol efins
useful herein include organic nolecules that contain a 3 3 double bond and
a carboxy containing group, -C(OOR where Ris as described above. 3 The
carboxy containing group nay be exenplified by carboxylic acid (R=H), a
carboxylﬁc anhég de or a carboxylic ester. When the carboxylate group is a
arbonY C° Bkt group, it has a protected organi c group, which may be

cl eaved und heqr A i o yield the correspondi ng carboxylic
aci d. [0024?ﬁégqgi§eﬁ§ @ﬂ? ﬁﬂgb%l ?ns useful herein include, but are not
i it edyhere KHRARMBOOHM slmé%r@we Booa. he (By0Si W3, Si Bule , or
CPI13; and g = 0 to 8; Olewhere m= 0 to 8;

CHZ CH-(CHZ)g (OCH2CH2) n- COOR3 where R can be Bu, SiMe3, Si BuMe2 , or CPh3
;g Oto8 h=1to [ 0025] Si H containing S|Isequ|oxane resins
useful in the prod of-Orhepsi | sesqui oxane resins herein are conprised
of the units (Ph(CH2)rSi&{13. x) (OR) x)ym(HSIQ3.x)/2 (OR) x)n
(MeSIi(3.x)/2 (OR) x)o (RISIQ(3 x)/2(OR ) x)g where Ph is a phenyl group,
Me is a methyl group; R is drogen atom or a hydkgcarbon group havi ng

from1l to 4 carbon atons; Ris selected from stituted phenyl groups,
/\/(\/O)\/\ifo
g

0] @)

[0025] SiH containing silsesquioxane resins useful in the production of the silsesquioxane

resins herein are comprised of the units

(Ph(CH2)S10(3x)2(OR"))m
10 (HSiO(3x)2(0R)x)p>
(MeSiO(3.x)/2(OR)x)o

(R'SiOG.x2(0R)x)g
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; and R1 is selected from substituted phenyl groups,

15  ester groups, polyether groups; mercapto groups, sulfur-containing organic functional groups,
hydroxyl producing group, aryl sulphonic ester 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 0.90; n” has a value of 0.10 to 1; o has a value of 0 to 0.95; q
has a value of 0 to 0.5;and m+n” +o+q= 1.

20 [0026] Typically m has a value of 0.05 to 0.25, alternatively 0.5 to 0.15. Typically n has a
value of 0.165 to 0.95, alternatively 0.10 to 0.3. Typically o has a value of 0.25 to 0.80,
alternatively 0.25 to 0.75. Typically q has a value of 0 to 0.15, alternatively 0 to 0.1.

[0027] The carboxylate olefin and Si-H containing silsesquioxane resin are reacted in the
presence of a transition metal catalyst. Useful transition metal catalysts may be selected from

25  avariety of hydrosilylation catalysts known to promote the reaction of vinyl-functional

9



ester groups, polyether groups; nercapto groups, sulfur-containing organic
functional groups, hydroxyl producing group, aryl sul phonic ester groups,
and reactwoeomvoesissabl e organi ¢ functional groups; and pchas:@9weaiiae of O,
1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the resin mhas a
value of 0 to 0.90; n" has a value of 0.10 to 1; o has a value of O to
0.95; q has a value of 0 to 0.5; and m+ n" + 0o + q | . [0026] Typically m
has a value of 0.05 to 0.25, alternatively 0.5 to 0.15. Typically n has a
val ue of ..0..165 t

. .0.95, alternativel . to 0.3. Typically o ha val ue
of 0. 2855y Nigdpdnadl HEIORG e Syt Cuigdo o SRR JRTR o7 o
to 0. 1platahibeidiathbdighycéhtdifing cdmpb@RR Ahd Eh@patdh Pxytnakeca@ll @hd sucand Si - H
containing silsesquioxane resin are reacted in the presence of a transition

met al cdetgIsacetylresfampater gr ghrenl yinieragid preggpigpgniatyephyhase cepadsdnd r om a
vari ety rQsi Lyl at.l ; t e 1. t{con of
A gl L R R AR b e Yk

t r agsi tdivinylteiaaletioadiail ysihe diyted Ncdivdehydiiaylsitonn addlockatli um cont ai ni ng
conpound;fand conpl exes. Pl atinum catal ysts such as plati num

acet y| RODREOEISYPXAK| or opl atinic acid are representative of these

conpoungg$ nﬂlesa%&l.?p b a&%yﬁ@ olgﬁn Ly 31_§30P%%§? ?}sﬁ?@ﬁ S ha kesﬁgi:s IEH,L}%{(Z%IY: S a

chl oroplatinic acid conplex of diviny oane n

di met hydavh fhat ghie Ry re@idBh G S0ko Ol sl 7B b SID Q,g)?ja@R’)[XQQl_%Bi tolStemaEeunt  of
carboxyl ate olefin to Si-H containing S|Isesqﬁ| Xane resin is typically

Zﬁﬁi‘f RS aS 0%5?5’?4&%{%%331?5@??30%@% Qﬂﬁﬁﬁ@%y%@%’%ﬁﬁ?f& b mol e
% HSi . ) OR 1. 3 %, Si 2.(OR

7 Uy { SRR B RSB0 06 OB b BEGa i R BRSSO o PR B o 25
nol e 96of (RSIiO 3 _xyzgéé}§) gﬁ% . The anount of transition netal catalyst
used i -3 ipixapleypf E82i3im (K daolhe amgup o (iapdtion pistal caplystrysed isvely 5 to

200 ppmof transition netal (i.e, Pt) based on the al i ght. .car boxyl ate
ol efin t&waalgi PIESRbHY 3 HPOH &9 PIOX g Ji R RECMRBYIB P t%?&i PPRCESENEHOR| so

pert ai Niethiqi 8P hAseli h iRClotal Sef@tABOx I ARGl MOMRAS H EQHaining

silsesquioxane.
15 [0029] This invention also pertains to an antireflective coating (ARC) composition
comprising
(1) silsesquioxane resin comprised of the units

(Ph(CH2)Si03-x)/2(OR")x)m
(HSiO3-x)2(0OR")x)n
20 (MeSi0(3-x)/2(OR")x)o

(RSiO3-x)2(0R)x)p
(R'Si0(3.02(0R)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 a carboxylic acid
25  group, a carboxylic acid forming group or mixtures thereof; and R1 is selected from

substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
organic functional groups, hydroxyl producing group, aryl sulphonic ester groups, and

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

10



conprising (i) silsesquioxane resin conprised of the units (Ph(CH2
)rSiq3. x )/2 (OR) x )m(HSiQ3 x )/2 (OR) x )n (MeSIQQ3 x )/2 (OR) x
)0 (RSI O(WO02810)0683¢0OR ) x )p (RLSI OCo- Xy2(OR x ) 1 wher ePElm/issoo/opiieny|
group, Me is a nethyl group; R is hydrogen atom or a hydrocarbon group
having from1l to 4 carbon atons; Ris selected froma carboxylic acid
group, a carboxylic acid formng group or m xtures thereof; and Ris

sel ected from substituted phenyl groups, ester groups, polyether groups;

or odut Aesghp o2y g R 8l PTG SRl L DRE o BRI Y

or gani @. 991 Rk @Ralue@F 0UPS; 95apdasr a Dage af @val wao 81 q Bas dvalds o) to00.54indXm has
avalue of 0, 1 or 2 ; wherein in the resin m has a val ue of >0 to O. 90; n

has a maechw@sanﬁo 0.99; o has a value of 0 to 0.95; p has a val ue of
001t005g avalueof0t005 and m+n+o0o+p+ql ; and (ii)
a sol vent [6 Y88&f ul sol vents (i1) include, but are not limted to,

| - mat hqws@-tmsreﬂﬂ@mlsms i CiRYluea &g hxGot 1iNmee et ykthek Y prés@bRipfopylene
gama- butyrol act one, and cycl ohexanone, anmong others. The ARC corrp03| tion

t ypi caldlycod mpn@@gl ¢thyhacees 2anmop botyiglosters), pedheydehsaanans, tneng ghels. wei ght
of t he REBA %ﬁl&lﬁt é)?(!ahg @%}flye%lf}/on? Q ‘%Oto %g 9%t0/0/ %OILQ‘R gloge&'ﬁhe tot?._ll

antiref ect|vec I'ng “conpositions are m Xi hg

si | sesqmlgmaﬂeherARCrto&qﬁsmthaet&tnatlaélgi s0pbd |96mal%y any ot her addi tive.
EXANPLE&#t 0032] The follow ng exanples are included to denonstrate

enmbodi Y B anfigstleatwiaagng C‘PYPP%SN&HS&Y%@“QE%P%W&P&&OWGFHE% of skill in

thgpar tsﬂE&a{uo&Qﬁ RSl g&i@éﬂtgérﬁlcclp(?i%ﬁgly z{hyt Sfer additive.

EXAMPLES

[0032] The following examples are included to demonstrate embodiments of the invention.
15 It should be appreciated by those 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. 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
20  the invention. All percentages are in wt. %. Structures given in Examples 1-6 are theoretical

structures based on the reactants.

Example 1

(Ph) H) (Me) (PSA)
T “010T 020T  “0625T 0.075

25  [0033] A reactor was loaded with 445.1 g of propylene glycol methyl ether acetate
(PGMEA), 30.89 g of 3-(triethoxysilyl)propyl succinic anhydride ( 0.101 mol), 28.62 g of
phenyltrichlorosilane (0.135 mol), 126.40 g of methyltrichlorosilane (0.846 mol), and 36.65 g
of trichlorosilane (0.271 mol). The jacket temperature was set at 25 °C. The solution was
vigorously stirred. To a flask was placed 1080 g of PGMEA and 54.1 g deionized water. The

30  mixture of PGMEA and water was vigorously stirred until all the water dissolved in PGMEA.

Next, the PGMEA/water solution was added to the reactor under nitrogen over 1 hour while
11



exanpl es which foll ow represent techni ques di scovered by the inventor to
function well in the practice of the invention. However, those of skill in
the art swoubtmhoesssel i ght of the present disclosure, appPetiust@baks many
changes can be made in the specific enbodi ments which are di scl osed and
still obtain a like or simlar result wthout departing fromthe spirit and
scope of the invention. Al percentages are in w. % Structures given in
Exanpl es 1-6 are theoretical structures based on the reactants Exanple 1

(Ph) ( Ve PS 2 625 T1.0.075 [0 A eact or was
oneq D (oHcns Wt wikaRust shRa i Shd e S puc S RlE Heatiaf 88 ihBRens

30. 89 gegftor3v4stwasBbdaxyestithyd Wik OO at&UE &i 371 &) areydhitida véatheJ;Dsln d) , 28. 62
g of phenyltrichlorosilane (0.135 nol), 126.40 g of nmethyltrichlorosilane

(0. 846 aftst ydding 2B 05Ethgnelf(EtQHy 19 ¥ oa FleahRCMEp yolutigy). jThe wplatipn isdikuted

t emper L 0 | 0 a

fl ask \i\%gb%g\%ef 3?85% f&g\é%&a% dscgérgﬁft%féd"@%l }énlg?ed[H il ef%otn %gd%pét ure of
PGVEA and;m@&ﬁmmma§WthUBOOsMyMMMhQﬁéd untll all the mater di ssol ved in
PGVEA. Next, the PQVEA/ water solution was added to the reactor under
nitrogen over 1 hour whilethe reactants were vigorously stirred. After the
conpl etg,g| Huﬂg addition, the mxture in the reactor was washed three tines
with DI er The sol ution was then stripped after adding 120

g of Etyf QW Eﬂgﬁﬂﬁvﬁ’gbyy iﬁﬁgr PGVEA sol ution. The solution is diluted

to 10 W. 96 nore P and then filtrated through a 0.2 mm Tefl on

filter.[003A3 Iﬁ\é&eacm| W@tlya&a%th 1. 5o b B3RPyl MosPm Byl dianipbete2 JPh) JH)
JMe) JPS@%Al 0.05 0.50 0.425 0.075 [0034] In a reactor was | oaded with
67205 o PEMIRA b By 14 rgeofl- 9@@tlh04%'éll‘fiwr0@VWClalfeﬁtﬂhV@’lcteF@\@% moh)1 187 g obf

3- (11 fARXK T OfbARMORYH7 SHEH! 6 So FAPNLMAfichiofsHAR @Y3BmdAR -84 16185 ¢
of trichlorosilane (0.750 mol). The jacket temperature was set at 25 °C. The solution was
vigorously stirred. To a flask was placed 1080 g of PGMEA and 59.4 g deionized water. The
mixture of PGMEA and water was vigorously stirred until all the water dissolved in PGMEA.

15  Next, the PGMEA/water solution was added to the reactor under nitrogen over 1 hour while
the reactants were vigorously stirred. After the completion of addition, the mixture in the
reactor was washed three times with DI water (2 x 500 g). The solution was then stripped
after adding EtOH (120 g) to give a clear PGMEA solution. The solution is diluted to 10
Wt.% by adding more PGMEA and then filtrated through a 0.2 mm Teflon filter. GPC (vs.

20  polystyrene): Mw =44300, Mw/Mn=5.99.

Eample 3

(PhEY) () (CH CHMeCOOBu)
T 0.07T "070T 2 0.23

[0035] To a flask containing hydrogensilsesquioxane resin (Mn =2200, 37.10 g, 0.7 mol) in
25 200 mL of toluene, were added styrene (7.29g, 0.07 mol) and t-butyl methacrylate (32.71 g,

0.23 mol), followed by a platinum catalyst. The mixture was stirred and irradiated with UV

lamp at room temperature. After 18 hrs, the volatiles were removed at 40°C to yield the titled

resin as viscous oil. The resin was dissolved in PGMEA to give 10 wt.% solution and the

12



phenyl trichlorosilane (0.075 nol), 95.29 g of nethyltrichlorosilane (0.638
nol ), and 101.59 g of trichlorosilane (0.750 nol). The jacket tenperature
was set awo02b10068336he sol uti on was vigorously stirred. PoTtastéoaskiiems

pl aced 1080 g of PGVEA and 59.4 g deionized water. The m xture of PGQGVEA and
water was vigorously stirred until all the water dissolved in PGVEA. Next,
t he PGVEA/ water sol ution was added to the reactor under nitrogen over 1
hour while the reactants were vigorously stirred. After the conpletion of

addition, .the m he. reac | wat er
(2% 500 PR S S B B RloP ARt P TR RTERI D o)1 o

gi ve a Mbhwan=P@&EA sol ution. The solution is diluted to 10 W. % by addi ng
nore PGVEA and then filtrated through a 0.2 nm Teflon filter. GPC (vs.

pol ystyrene): Mwv =44300, Mwm Mh=5.99. Eanple 3 JPhEt) (H) CH CHWeCOOXBu) T
0.07T Exampledg. 23 [0035] To a flask containing hydrogensil sesqui oxane
resin (Mh =2200, 37.10 g, 0.7 nol) in 200 nL of toluene, were added styrene
(7.29q,, (Bury 18)) an?KCHbu@@D&n@thacrylate (32.71 g, 0.23 nol), followed by
a platf%un1é%ﬁ | y&#4 "The2 Ai xt ureOWas stirred and irradiated with UV | anp at

roo t Af t hr s e volatiles e v, 400C to yield
thast | PRIt fasobflnibeaii e It Padic Sin M SebP0e T s o gl ve
10 wt . %09qhUbE wnu@edw&ﬂeaa@édﬁty@ﬂe ¥B65 §10.032ied ahd f-@ughbae@oaze (rlmoT flon
filter. GPC (vs. polystyrene): =4890, Mw Mh=2. 44; ExanH hEt) (H

[ (CH ) ©h&mahjfoltoge bsra@kmum cztaéyse T r{l@@%}vairétlrﬁ IglsIR emﬁitqyemlgig
hydrogeﬂ?e'\lo?a%ﬁ&% ?ﬁk% r&%%béh(é'%@ C?ozﬁgldoagg o110r1§ {;)v)ﬁ a{a @9{21 L of

t ol uene, were add rene noate (17.0
g, 0.1 AGMERA tb,give0l0 @W%dsomynoal amkialhe gulliunci e & ﬁ/l&htedTHneugn X0 2remviBsloat i rred

and ref] uxed overnight.
10~ filter. GPC (vs. polystyrene): Mw =5730, Mw/Mn=2.21;

Example 5

£(PHED [(CH ) COOtBu]

(H)
070" 23 0.23

0.07T
[0037] To a flask containing hydrogensilsesquioxane resin (Mn =11,800, 20 g, 0.38 mol) in

15 100 mL of toluene, were added styrene (3.65 g, 0.035 mol) and t-butyl butenoate (14.22 g,
0.095 mol), followed by a platinum catalyst. The rotary vapor at 40°C to yield viscous oil.
The oil was dissolved in PGMEA to give 10 wt.% solution and the solution was filtrated
through a 0.2 mm Teflon filter. GPC (vs. polystyrene): Mw =15,300, Mw/Mn=2.78.

20

Example 6

(Ph)y _(H) .(Me) _((CH ) COOBu)
01T 02T 06T 23 0.1

[0038] To a flask containing T(Ph)o 1 T(H)o3T(Me)oe resin (20 g, 0.38 mol) in 100 mL of
toluene, were added t-butyl butenoate (3.26 g, 0.022 mol), followed by a platinum catalyst.
25  The mixture was stirred and refluxed overnight. The volatiles were then removed using
rotary vapor at 40 °C to yield white solid. The resin was dissolved in PGMEA to give 10
wt.% solution and the solution was filtrated through a 0.2 mm Teflon filter. GPC (vs.
polystyrene): Mw =12,450, Mw/Mn=2.95.
13



The vol atiles were then renoved at 400C to yield a viscous oil. The oil was
di ssolved in PGVEA to give 10 w. % solution and the solution was filtrated
t hrough aw0.2810me83Bef | on filter. GPC (vs. polystyrene): WMaTaABZ@0/061125

MV Mh=2. 21; Exanple 5 fPhEt) (H [(CH) COQBu] T 0.07T 0.70T 2 3 0.23
[0037] To a flask containing hydrogensil sesqui oxane resin (ivn =11, 800, 20
g, 0.38 nol) in 100 nL of toluene, were added styrene (3.65 g, 0.035 nol)
and t-butyl butenocate (14.22 g, 0.095 nol), followed by a platinum

catal yst. Thee rotary vapor at 400C to yield viscous oil. The oil was

di ssol GVEA to give 10 wt. % solution and the solution was filtrated
t hr ough (ah)o mm Tef JMH) fi I«@n y EBOwwys. pol ystyrene): Mwv =15, 300,

My Mh=2L 780.0Ekampel6 (@ T (H26Me) ((@3) COxBu) T0.1 T0.2TO0.6T23
0.1 [0038] To a flask containing T(Ph) O 1T(H)O 3T(Me) O 6 resin (20 g

0. 38 ndPY3NPAME Anio00 f2).tphiewd methesrysilanedd d. 9t e, BLQ7yn01bdtléth©8XSéalQQ3 (789 ¢, 0 022
nol ), atin I The d refl uxed
over ni g(ﬁjfg m‘{ﬁﬁe v%}ilqur%%hoxy%rrl ee%%‘lzg‘%)bg%%véoﬁ{%ﬁr? u{ﬁ)@tr%? §nmetﬁoxysfarl1%0 OCto

yi elsd vBite &0t idl), ddedd-RiARd Waserd55S 8l iel) wiere 18@@Antoca ﬂlés‘keTHstthlo%
solution and the solution was filtrated through a 0.2 mm Teflon filter. GPC

(vs. povapsitijiied fa)d mm/@tm@lnmwerwet\mﬁzfotlgwgkbhﬁlleéldqhtlppwf nitpiy agiggy0%( CH )
cox Bu)0 da 9. e 11;1129 ks %I%g OR/el%bg?f]égt é(%g z{?l(a?fﬁe],n @ggé}?i Q%rsg}v_}lgreé)y low 0. 45

phenyl tTi thox ane ( trie ane

mol ), reiling \tdiatﬁémmqys:badlemeec(ﬁﬁiragl,ovéﬂ Jthenolu)ion (as tesled bmoyhl)tpnnpaature

tri rrethoxy5|al ne (31.7g, 0.12 nol), and de-ionjzed water (54g, 3 nol) were
| oaded P nfigld4 qiqaégRloﬂWesolslmogt T]%Fnso’lutlon 1s then washed with de-1onized water. The

10 residual water was stripped along with some PGMEA. The solution is diluted with PGMEA
to a 10% solution in PGMEA. GPC (vs. PS): My, = 6300; My,/M;, = 2.58.

Example 8

(Ph) (H) (Me) (CH ) COOtBu)
T 7007T "045T T036T 273

15  [0040] PGMEA (600 g), phenyltrimethoxysilane (19.8 g, 0.10 mol), triethoxysilane (32.8 g.
0.20 mol), methyltriethoxysialne (111.4 g, 0.625 mol), (3-tert-butyl)propal trimethoxysialne
(19.8 g, 0.075 mol), and de-ionized water (54g, 3 mol) were loaded into a flask. The
solution was stirred for 5 min at room temperature and followed by the addition of nitric acid
(70%, 0.64 g). The mixture was stirred overnight at 80°C and then refluxed for 4 hrs,

20  whereby low boiling volatiles were removed. The solution was cooled to room temperature to
yield a clear colorless solution. The solution is then washed with de-ionized water. The
residual water was stripped along with some PGMEA. The solution is diluted with PGMEA
to a 10% solution in PGMEA. GPC (vs. PS): My, = 5300; My = 2.45.

25
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was stirred for 5 mn at roomtenperature and foll owed by the addition of
nitric acid (70% 0.64 g). The m xture was stirred overnight at 800C and
t hen ref |lwpedioiws33d hrs, whereby |ow boiling volatil es weraseandensed and
removed. The solution was cooled to roomtenperature to yield a clear
colorless solution. The solution is then washed with de-ionized water. The
resi dual water was stripped along with sone PGVEA. The solution is diluted
with PGVEA to a 10% solution in PGVEA. GPC (vs. PS): Mv = 6300; MM Mnh =
2. 58. CF%la le 8 (Ph) (H (M) ((CH) COOxBu) T O0.07 T 0.45T0.36 T23
0.12 [ 3‘%)5'PGNEA (600 g), phenyltrinethoxysilane (19.8 g, 0.10 nol),
tri et hoxysisll@RguibRhe@edn wheth thekilsesqEbinetredi@ishmypsised 8fthe bads 4 g, 0. 625
nol), (3-tert-butyl)propal trimethoxysialne (19.8 g, 0.075 nol), and
de-i oni(PRECHDLHRO A SAMORI P! ) were | oaded into a flask. The solution was
stirred for 5 mn at roomtenperature and followed by the addition of
nitric @sid( Z@%RQX)M g). The mxture was stirred overnight at 800C and
t hen refl ux%(f or 4 hrs, whereby Iow boiling volatiles were renoved. The
sol ytio cooled,.to roomtenperature to yield a clear colorless
sol dti éme\@ﬁ@-@@%@?') ® is then washed with de-ionized water. The residual
wat er was stripped along with sonme PGVEA. The solution is diluted with
PGVEA tBS€0@03eER Uthon in PGVEA. GPC (vs. PS): Mwv = 5300; Mw/ M =
2.45.Clainms: 1. A silsesquioxane resin wherein the silsesquioxane resin is
conpri s(RélSiO)‘@_;),a@)Rrr),@)%s (Ph(CH2 )rsSiq3.x)/2 (OR) x ) m(HSi Q3 x)/2 (OR)
X )n (MeSIiQ3 x)/2 (OR) x)o (RSO3 x )/2 (OR) x)p (RIS A3 x)/2(0OR)
X ) g whelrege Phis splenghgioyp, e cupmetiy] goup; Rieis hydrogemaom & a hysiréoadromgen at om
or a hygcri(r)l?pcl?z{vtl)r?gnfrom 1 to 4 carbon atoms; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0,

10 1 or 2; wherein in the resin m has a value of O to 0.90; n has a value of 0.05 to 0.99; o has a

value of 0 to 0.95; p has a value of 0.01 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 0.05 to 0.25, n has a value of
15  0.15 to 0.80, o has a value of 0.25 to 0.80, p has a value of 0.015 to 0.35, and q has a value of
0to 0.15.

3. The resin as claimed in claim 1wherein R’ is H.

20 4. The resin as claimed in claim 1 wherein R is a carboxylic acid group having the formula

—R2C(O)OH where R2 is selected from alkylene groups having 1 -10 carbon atoms.

5. The resin as claimed in claim 1 wherein R is a carboxylic acid forming group of the

formula —R2C(O)OR3 where R2 is selected from alkylene groups having 1 -10 carbon atoms,

25 and R3 is a protecting group.

6. The resin as claimed in claim 1 wherein R is a mixture of carboxylic acid groups and

carboxylic acid forming group.

15



group having from1l1l to 4 carbon atons; 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 mhas a value of 0 to
0.90; n hwewainmebize of 0.05 to 0.99; o has a val ue of OrPrCE/B2@5/06p2has a
value of 0.01 to 0.5; q has a value of 0 to 0.5, and m+ n + o0 +p +q | .
2. The resin as clainmed in claim1l wherein mhas a value of 0.05 to 0.25, n
has a value of 0.15 to 0.80, o has a value of 0.25 to 0.80, p has a val ue
of 0.015 to 0.35, and g has a value of o 0.15. 3. The resin as clained in
claim rein R is 4. T esin,as clained in clai erein Ris a
car boxyl 1 Ehedenn oy BURHAHHE T RbSFUREP S e ot AR R o o
from a|tﬁbﬂeﬂﬂiﬁsilg{,Qﬂﬂﬁirﬂﬁ@rdil@sﬂ-metb@ltﬁi@ﬁi@ﬂ?rl alterBenzyloxyheihiyesdier, as claimed in
claiml wherein Ris a carboxylic acid form ng group of the 2 3 2 fornmula

- R C( Odorbejipiknashyt epter, pameidpsybenzymsil-kyl ene groups having 1 -10 carbon
atons, 3 and Ris a protecting group. 6. The resin as clained in claiml
wherein Ris a mxture of carboxylic acid groups and carboxylic acid

f or i nB. gk engphod. foll p@dueiag a sAssGhiakanededin comhpitisin® rasbgmeinruntdirganic afleait hng
group is selected fromby t-butyl, trinethylsilyl, anhydride groups,

met hyl t hi omgAhyimigstrepf silea reacaxisroetipyiksingsX te90 raelpfdthChipl BN 3, 830 89,

p- met hoxybenzyl ester. 8. A nethod for producing a silsesqui oxgne resin

conpri shelg @845 @ I malRFONBSING 136DY eiled RN 3 2andi Kb W0EMSIE %R KB0E
reactants conprising O to 90 nole% Ph(CH2)rSi X3, 5 to 99 nmole% HSi X3 0 to
95 nol eRtiMSipXoWdsq thit the s@h ofiell @for&itattSequaBrid0ndle%50 1ole cR 1Si X3 with
t he proviso atnglat the sum of silane reactants equals 100 nol e% and

10 (B) 0.5 to 2 moles of water per mole of X in the silane reactants
wherein Ph represents a phenyl group, Me represents a methyl group, R is selected from a
1
carboxylic acid group, a carboxylic acid forming group or a mixture thereof; and R " is

selected from substituted phenyl groups, ester groups, polyether groups; mercapto groups,
sulfur-containing organic functional groups, hydroxyl producing group, aryl sulphonic ester
15  groups, and reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4;

and X is a hydrolyzable group.

9. The method as claimed in claim 8 wherein RSiX3 is selected from
(Me0)3Si-(CH),-(OCH,CHy),-COO Bu
20 (MeO)3Si-(CHp)»-COO-SiMej
(MeO)3Si-(CHa) - (OCH2CH),-COO-SiMes

(MeO)zsi/l (MeO),Si
AN o o 0O

(MeO).Si o

and
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(B) 0.5 to 2 noles of water per nole of X in the silane reactants wherein
Ph represents a phenyl group, Me represents a nethyl group, Ris selected
froma cawvbaswldes3saci d group, a carboxylic acid form ngPgTaspooOncHE2s Xt ur e
thereof; and Ris selected fromsubstituted phenyl groups, ester groups,
pol yet her groups; nercapto groups, sulfur-containing organic functional
groups, hydroxyl producing group, aryl sul phonic ester groups, and reactive
or curabl e organic functional groups; and r has a value of 0, 1, 2, 3, or
4; and X is a hydrolyzable group. 9. The nethod as clainmed in claim38
wherein RSI X 3 is selected from (MO 3Si-(CH2)In-(OCH 2CH2 )1 1- COO Bu

(MO 3Si-(CH2 )2-COO-SiMe 3 (MO®SI -(CH2) m - (OCH2CH2 ) n- COO- Si Me 3wherein
Me is a methyl group, Bu is a t-byutyl group, mhas a value of 2 or 3 and n
has a value of 1 to 10. 10. Th hod as clainmed in claim8 where there is
additionally pres 005 % of a catal yst based on the wei ght of
(A + (B). 11. The nethod’as claiYed in claim8 wherein the organi c sol vent
is present in anSigenpt of 1 to 99w % based on the wei ght of (A) + (B)

12. The method as clained in claim 11l wherein the organic solvent is
selected from saturated aliphatics, cycloaliphatics, omatics, ethers,

ket onesY e et bt %ra%dBaWaﬁ'é%tyf/g{amd%ﬁa% 2145 Bhnot ¢and BYeSR 5 and
siliconef. %jf A met hod for producing a silsesqui oxane resin conprising
grafting s ¥drBdyl ate ol efin onto a Si-H containing silsesqui oxane resin
in the presence of a transition netal catalyst. 14. The nethod as cl ai ned
in claim13 wherein the carboxylate olefinis selected from CH2=CH (CH

2VCOOR 1. ; Theppetioyl ¢scipimed aocamri2-vavee theris @dfifiopplly prasent ¢ 008 to &M% of- COOR 4
4t a catalyst based on the weight of (A) + (B).

11. The method as claimed in claim 8 wherein the organic solvent is present in an amount of

10 1 to 99 wt% based on the weight of (A) + (B).

12. The method as claimed in claim 11 wherein the organic solvent is selected from saturated
aliphatics, cycloaliphatics, aromatics, ethers, ketones, halogen substituted alkanes,

halogenated aromatics, esters and silicones.

15
13. A method for producing a silsesquioxane resin comprising grafting a carboxylate olefin
onto a Si-H containing silsesquioxane resin in the presence of a transition metal catalyst.
14. The method as claimed in claim 13 wherein the carboxylate olefin is selected from
4
20 CH»=CH-(CH3),-COOR ;

CH,=CH-(CH5);-COO-CH,-OMe;
CHy=CH-(CH,);q-(OCH,CH,),-COOR

17



where R is selected fromBu, Si M3, Si BuMe2, or CPI13; and m= 0 to 8. 15.
The nmethod as clainmed in 13 wherein the SiH containing silsesquioxane resin
is conpriwedonfossise units (Ph(CH 2 )rSiQ(3 .x)/2 (OR) »CrrmusgedSioa1t8 x)/2
(OR) x )n (MeSIO (3 x)/2 (OR) x )o (RISS(3 x)/2 (OR) x )g where Ph is
a phenyl group, Me is a nethyl group; R is hydrogen atom or a hydrocarbon
group having from1 to 4 carbon atons; and Ris selected from substituted
phenyl groups, ester groups, polyether groups; nercapto groups,

sul fur-containing organic fupctional groups, hydroxyl -producing group, aryl

sul phoni c ester groups, andg eactive or curable orgapfc functional groups;
and r has a val ue ofg0fJ1.[ 20 3, orgég\é/ﬁgiﬁ@§¥gL§§z%j 0, 1 or 2; wherein
in the resin mhas a Val 0 to 90" N ~has a e of 0.10 to 1; o has
a value of 0 to 0.95; q has @ ;valdue of 0 to 0.5; and @h+ n" + 0o + g | . 16.
The method as clainmed in claim16 wherein the transition netal catalyst is

a platinumcgatal yst., 17. tAn i ref tive ati (4 conposition

conpri STHgE By elRbeathiln dRR st Hdita b G BRR ot e T8 o Prc o 2
)rSigq3 x )/2 (OR) x )m(HSIO (3. x )/2 (OR) x )n (MSIO (3 x)/2 (OR) x
)0 (RSIG. (heXndthdd §sAfained in P§ RheteiX theXiH120RRinNinKsidsesqiieage Rinis a phenyl
group, Me is a nethyl group; R is hydrogen atomor a hydrocarbon group
havi ng dompiisad eighg ugisy bon atoms; R is selected froma carboxylic acid

group, a carboxesl ic acid form ng group or m xtures thereof; and Ris
sel ect dfh§GianSi0Ex)2(0R )xn

(HSi0(3.x)2(OR")x)p
(MeSiO3.x)2(OR")x)o

(R'SiOG.x2(0R)x)g
where Ph is a phenyl group, Me is a methyl group; R’ is hydrogen atom or a hydrocarbon
1
10 group having from 1 to 4 carbon atoms; and R is selected from substituted phenyl groups,

ester groups, polyether groups; mercapto groups, sulfur-containing organic functional groups,
hydroxyl producing group, aryl sulphonic ester 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 0.90; n” has a value of 0.10 to 1; o has a value of 0 to 0.95; q

15 hasavalueofOto0.5;andm+n"+o+q=1.

16. The method as claimed in claim 16 wherein the transition metal catalyst is a platinum

catalyst.

20  17. An antireflective coating (ARC) composition comprising

(1) silsesquioxane resin comprised of the units

(Ph(CH2)Si03-x)/2(OR")x)m
(HSiO3-x)2(0OR")x)n
(MeSi0(3-x)/2(OR")x)o

25 (RSi03-x)2(0R)x)p
18



substituted phenyl groups, ester groups, polyether groups; nercapto groups,
sul fur-contai ning organic functional groups, hydroxyl producing group, aryl
sul phoni cwebavoegszeups, and reactive or curabl e organi cpCurusteconal2gr oups;
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 mhas a value of >0 to 0.90; n has a value of 0.05 to 0.99; o
has a value of 0 to 0.95; p has a value of 0.01 to 0.5; g has a value of O
to 0.5, and m+ n + o0 +p +q 1l.; and (ii) a solvent. 18. The ARC
conposition as clainmed in claim 17 wherein there is 10%to 99.9 w % sol vent
based on the tot 4R $i@@he(@R )he ARC conposi tion. 19. The ARC conposition
as claimed in claim 17 wherein the solvent is selected from 1-

met hoxy- 2- priofisanbh is hphsey] &REP-gYIG évt medinbaorpyR isthgroseR alog @ 2

gamma- %Y({cgllb%ﬁtg?&ﬁy ha@ﬂ% £§h190 DA Gtoms; R is selected from a carboxylic acid

. . . . 1.
group, a carboxylic acid forming group or mixtures thereof; and R is selected from

5 substituted phenyl groups, ester groups, polyether groups; mercapto groups, sulfur-containing
organic functional groups, hydroxyl producing group, aryl sulphonic ester 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 0.90; n has a value of 0.05 to
0.99; o has a value of 0 to 0.95; p has a value of 0.01 to 0.5; q has a value of 0 to 0.5; and m +

10 n+o+p+q=1.;and

(i1) a solvent.

18. The ARC composition as claimed in claim 17 wherein there is 10% to 99.9 wt% solvent

based on the total weight of the ARC composition.

15
19. The ARC composition as claimed in claim 17 wherein the solvent is selected from 1-
methoxy-2-propanol, propylene glycol monomethyl ethyl acetate gamma-butyrolactone, and
cyclohexanone.

20
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