DC10518 PCTI WO 2009/091440PCT/US2008/083849 SILSESQUIOKANE RESIN'S
CROSSHKEELERENCE TO RELATED APPLICATIONS [0001] None.. BACKGROUND OF THE
INVENTIONy[98@Q}eith the continuing demand for smaller feature sizePRLRE288HERF AU UCtor

industry, 193 mm optical lithography has emerged very recently as the technology to produce devices
with sub-100 nm features. The use of such shorter wavelength of light requires the bottom
10antirellective coating (BARC) to reduce the reflection on the substrate and dampen the photoresist
swing cure by absorbing light that hag;heempassed threugh:tiie photoresist. Commercially available
antireflective coatings (ARC) consist of both organic and inorganic materials. Typically, the inorganic
ARC, which exhibit good etch resistant, is CVD based and is subject to the entire integration
disadvantage of extremeippagraphy:sFe e ganierliSART: matarials arerapplied by spin-on process
and have excellent fill and planarization properties, but suffer from poor etch selectivity to organic ;
photoresif¥As Hyiegsult, a material that offers the combined advantages of inorganic and organic ARC |
mateyials is highly desired. BRIEF SUMMARY 20 [0003] This disclosure pertains to silsesquioxane “
resins useful in antireflective coatin 03al In.afirst aspect, there is provided a silsesquioxane
resin having the formula (PhSiO%B‘iggEé%?),ﬁ%an(Ja Bd(s‘_“x%szg(%ié%esm(sg(O(Rs10(3_412(0R where
Ph is a pligmyl oreupndeis aumgthyl grotip sRias selected dromiatreactivessryatic fiiétidnal group or
curable group, R' is hydride or a hydrocarbon group haying from 251:19 4, carbon atems.x has a value
of 0, I or z?ﬁfﬂ‘aé’%\%ml g%%"d!‘gi i}é‘soc.%“?’,ﬁ% ’é%{g‘\‘iéﬁj%yﬁb?go{%‘i@fé g%%‘f“&h?s%%alﬁ?&%ﬂl t0 0.97, p
has a valuetof:0:QDmB. 87 and rif Benmso-spsudVHentese TesiEs ard duasinantielReiRe
coatingscoatings can be, stripped af the semoyalsiage.dn.addition, the aesenseofra hydride group in
the S‘ﬁsesqurc‘)’xane resin is‘essential for the desired cure properties and strip-ability as a 193nm ARC
material. S0[OBGA]: Invarsaconyabpetintherbtis Brotided b e irsfidsiv e BARKETEARC) composition
comprising, De g4 ﬁ@ﬂﬁé}é%@&@@i@ﬁ%ﬂ% T/$2008/Q83840:() silsesquiaxang.resin having the

)

formula ( 1Si0c Xp(OR)OM(HSIO(3.."),,2(OR)X)r,(MeSiO(3..yori(OR")00 RfSi(e(gﬁx?géy;(QR')OD where

Ph is a phenstigroubyMeally i ethiiagiods: R TEEEIEHER FSINCE Y EETE ™ Sk danic Hifictional group or
curable group. Riis hydride.qn Rydragarhon.aratia having bie ddbearbon atdmsrxhas A value of 0, 1
or 2; in has a value of 0.01 to 0.97, n has a value of 0,01 to 0.97 OJ’“’:’[_S gvplue_;g,f 0.01t00.97,p has a
valuSof Of\@f:tﬁléf.ﬁ@?ﬂ%ﬁ@ -t;ﬁ@_hgg!ombsaméﬁdpmcess and have excellehy [l and plonahzatics

properiies, but suffer from poor etch selectivity Lo oranic photoresist. As a resull, a material

that offers the combined advantages of inorganic and organic ARC materials is highty
desired.
BRIEF SUMMARY

20 [0003] This disclosure pertains to silsesquioxane resins useful in antireflective coatings.

[0003a]In a first aspect, there is provided a silsesquioxane resin having the formula
(PhSiO@»x)f‘Z(OR’}x}xn<HSiO(l%wE)i'2(OR-’}X)H{Mi’"sio{f&—xlﬁ;"Z{OR‘}x}{w(RSiOG-x)EZ(ORv>x)p
where Ph is 2 phenyi group, Me s & methyl group, R s selected from o reactive
organic functional group or curable group, R’ is hydride or a hydrocarbon group having from

¢ . cer e o undire oF £ - £} O v wnloe af
{104 carbon atoms, x has & value of 0.1 or 2, m hay g value of 001 10097, n has 2 value of

2
A

0.01 10 0.97, o has 2 value of 0.01 10 0.97, p has a value of 0011w 687, andm +n +1 + o=
| When these resins are used in antireflective coatings, the coatings can be stripped at the
removal stage. In addition, the presence of a hydride group in the silsesguioxane resin is
essential for the desired cure properties and strip-ability 28 2 193nm ARC material.

30 [0004] In a second aspect, there is provided an antireflective coating (ARC) composition

comprising



solvent. 100051 M a third aspect, there is provided a method of forming an antireflective coating on an
electronieldeyiicé %em}pnsmg (A) applying to an electronic device an antireflective coating (ARC)
compositiogepraieingl) silsesquioxane resin having the formula (Pt -G{CT/US2008/083849
Xy2(OR")X)m(1-1Si0(3..x0(OR")x)n(hileSi0(3_x.)x)0O(RSID(3_x),0(OR")x)p where Ph is a phenyl group
Mc is a methyl group, R is selected from a reactive (5 organic functional group or curable group, R' is
hydride or a hydrocarbon group having 1 to 4 carbon atoms. x has a value of 0, 1 or 2; m has u value
of 0.01to O 97,rn hqs a valugng)feq QHQQU%L 0,haga value of 0.01 to 0.97, p has a value of 0.05 to

0.95, and m+n- ki o+ _T*%{h (na solvent and (B) removing the solvent and curing the

silsesuuioxaneitgsin tadarm griehtrellective20ggatiog on mgréjECI{Qﬁ}t:ﬂéyrcgra[ﬁEﬂ'AllgED
DESCRPTION O T)HE INVENTION [9006] The silsesquioxane resins useful in forming the
antircflective costitig Navetheeoh@&ianD 25tPhsiopd ) goup, R s selected from a reactive
R)OM(L:1SiQ3A0R Mol MRS (ORI (RSIOE, AR RN QRocarbwhera Phuissa phenyl group Me

is a methyf'group. R is setfecte d from a reactive organic functional group or curable groy R'is
independesitiyoa Mydide oFd Hytivodaibof grotin atiny Ut 4 Carkion atdhé® £ KAsaVa 10é of 0, 1 or 2:
m has a yajue; of 0.01 19,097 d\es:a yatue at.00k 1e-0.07 00 haser valuenof 0.0 tord:9 Jpchas a value
of 0.01 to 0,97, and m 30+ n o + p = 1. Typically m has a value of 0.02 to 0.7, alternatively 0.10 to
0.50. Typically. Bi¢165187PCT1 WO 200911191440PCT/US2008/083849 n has a value of 0,05 to
0.90, alternatively 0.10 to 0.50. Typically o has a value of 0.05 to 0.90, alternatively 0.10 to 0.60.
Typically p has a value of 0.02 to 0.20, alter atlve 0 05 t 0. lSé‘b 716 etcrtrgjer%‘sjlr,{r Ri aaﬁeactlve
organic fRf&loMaPgrethshetit6E ‘érBﬁ’ﬁl‘E Og&er?{jﬁflfl 8 % Rot limited to nIkenyl groups
suchpat wmrf@ndcauy:’b ep@dgigroups such as ycrdoxypropyl group and epoxycyclohexane group , .
acrylate group s methacr r HQ0QB R sl
independentlyzﬁkJ it én%rt yd?t%%?é%nggr}%‘%g #ﬁﬁ%ﬂ%%ﬂgﬁgg%%@n@ g&';%r%ay be gerﬁrgpllfled by
11, methyl, ethyl, plopylsdso:prapylicbutylkaimg tertibory«10[0009] The typical method for producing Me
ersesquroxane resin involves the hydrolysrs and condensatlor%}%z the (roprlatz rlanes By this

method it®&pdesiblexthit resitial Zow AR dok ORI remal )rHé‘ iiSestioxane’#dsin as a result
of incomplete hydrolysis.or, N BrlensationsJt dhedotah amauntol wiiksdn thesiisesquioxane resin
c

containing ---OR" groups, exceed 60 mole% then géllation and instability of the resin may occur.
Typically thesilsesquioRhae e SincBohaiFs 18s 860 M6lEds oF URIE EoRah g ORYGidhps,

alternatively, less than,50 mole?,100304 The silsesquioxanedesin bas a weight.average molecular
weight (Mw in the range 500 to 400, OOO alternatlvely in the ran%il);a of 500 to 100,000 as determined by

gel permeafié chretriattytapty Eriploying Rsdetelctiot! 4Ad BolyetyraR@ stahddrds 200811 The
silsesquioxane reswgg mayihe praduced by methods known in the at L. For example, the
silsesquioxane resins may be produced by the hydralysis and condensatlon of a mix re of trialkoxy
silanes using théAnBREYE a8 S aPERh i e tr;?’é‘ﬁd“l”é’éﬁh%fﬁﬁ? S EifieBha™ by N6l Y Academic
Press, 19@&,@@@,@@{&,;@1@@7@&@ Aternatively they may be produced by the hydrolysrs and
condensation of a trichlorosilanes using the methods as set forth in U.S. Patent No. 6,281285 to
Becker et al. and U.S. Patent No. 5,010,159 to Bank et [0012] The silsesquioxane resin is typically
produced in the presence ot&,’ﬁaluﬁm} BRycuitabls-ofgahicrosiliconé solvent that does not contain a
functional hic artrcr ate in the h srs and/ or acion may be used in
producrng{{%gg%)of Z xandé}’“résfrlr“ Seﬂé‘?oII\1/y(§|nt is éetﬁ”ergl yvlieug?ngiﬁgfrﬂgﬁnf%?m to 98 weight
percent D&rhds 18 PCT WO 2009/09144OPCT/U82008/083849 based on the total weight of solvent

and silane reactants, alternatlve 70 to 90 Wel ercent T react or,1 ay be, carried out as a dual
phasé or éﬁ’ﬁél‘@ﬁhasé Vstam 51002 0R ) wn\ 5“)” x)’DS“’i ol ”y> :?‘8’?; hip

where Ph is a phenyl group Me 13 2 methyl group, R is selected from a reactive
organic functional group or curable group, R’ is independently & hydride or a hydrocarbon
group having | to 4 corbon atoms, X has a value of 0, Lor 2y m hus a value 0of 001 0 .97 n

has o value of .01 10 0.97, o has a value of 0.01 o 0.97, p has o value of 0.01 10 0.97, and m

14
=y

[ o]

+u-+o+p=1!  Typically m hias a value of .02 10 0.7, alternutively 0.10 to €.50. Typically

“
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[00131 Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics such as
n-pentane{hexanhem-heptane, and isooctane; eycloaliphatics such as cyclopentane and cyclohexane;
aromatics W@@%p&gne, toluene, xylene, mesitylene; ethers such asﬁ%tm@ﬂ{ Elé#g{b. dioxane,
ethylene glycol dietheyl ether, ethylene glycol dimethyl ether; ketones such as methylisobutyl ketone
(MIBK) and cyclohexanone; halogen substituted alkanes such as trichloroethane; halogenated
aromatics such as brornobenzene and chlorobenzene; esters such as propylene glycol monomethyl
ether acetate ,(PGI\/n!EAz isﬁo\butylﬂisqbqty*rgt’e g,nd pro$1¥l Jpropronate. Useful silicone solvents may be
exemplified By, BaIHdk Fi'Hﬁt@d(}td‘)cy}éﬁE%H6&1&%%%80 Hs OSBRI I dortagiExime, and
decamethyityclepentasioxane. (Assingleisolvent:may bedsed & a aldiurieehsebientsmay be used.
[00141 The reaction to produce the silsesquioxane resin can be carried out at any temperature so
long as it doés not cause significant gellation or cause curing of the silsesuuioxane resin. Typically the
reaction {§#&ariedButzairditémperaturerindhe rangeof 5'G: ool BO®)anithup5® to:408C suggested.
[0015] The._ti 0 ils ioxape. resin is. dependent upon_a number of factors such as the
T e e PR VAT Typically
the reactibiimécisyfromysevermkminbrescs keverad Hours., One dRifeuin theaet will be able to readily
determing the ime NeCEsSANLIR cRmRIels theireagtion.Catalysts that may be used to facilitate the
reaction include, but are not limited fo, acids, such as nitric acld, sulfuric acid, hydrochloric acid, and
others anB85&s SR RE GRS RYArS € SaBRERPFYHT6x1dRE EdsitimRyarite, R
te'fralmethl:&ﬂ@mmmhl;mf’ﬁﬁ(ﬂﬁ@&iﬁ%@éﬂ@é%hﬁ,ﬂ?%ﬁf?ﬂl%%ﬁ@@@gﬂm@IQ?H.WQ'@I@Q@QJ tkhe reactiﬁn the .
catalyst e optionally removed. Methods for removing the catalyst are well know in the art an
voulh nd N R SH R S BEHI G B COMEMERTSHE Fenbit o YT Wiy negatively
impact thesheldifercithe silicopaasesimespdciatlyswhemnih splutiomtbus:itsteimovalis suggested. [00r]
En the pracess farmaying.the silsesquioxane fesin, after (he feactionis, complete, S0yolatiles may be
removed from the silsesqlixane resin solution under reduced prassure. such volatles include alcohol
by-productsiexesss. wiatet, teatalysitydrockd oritacideRCTO518 BOTDWQing ~-OR’

2009/09144QR GTIRAAPBNEIAAS. (CHIaraslaRG [guiesl apdsolyanis, Melfipds fpr.tampying volatiles
are known in the art and include, for'example, distillation. [00181 Folloiy/vmg the |y action to produce the
silsé3quitare resifca Fiimve oo ptidhal sl sy e arietotd o ©Btaih tHe siidedguioxane resin
in the degired. form. Forexample, the silsesquioxane resin may be recovered in solid form by removing
the solvent. The method of solvent removal is not critical and numerous methods are well known in the
art (e.g. HERMALICH titied et SHaEr VAU HONER hE SIERSHUITKEN S Yesinis¥ete¥erdd in a solid
form, thesgesingansbe aptienallyve-dissalvedimtie sameion angihenselventfora-padicmlar use.
AIternati\(eI%/, if a different s _Iv’en‘tz ?tbae[ﬁtihanrthe sglfv.er]tqusﬂe‘d in ;Qe reaction, is 10desired for the final
product, & SORAPH AREhARGE M be t6Rehy KuBing s 'S8ESHUAK Bolvent and removing the first
sohient thedLighidistiiation; forexamplewAdditionally: themesindsdncentiaticnain Sélvent can be
adjusted by refoaying some, of the solvent ar.adding additional amounts, of solyent,[0019) This
invention also pertains to an antireflective coat,m.. %& ) composition comprising (1) silsésquioxane
resin having$Ph$ 100 k02(GRI)MEIRL Si0(B:UTN 0sRYXIPMeSi00:108(0 REX )R SI(83106{.0 R")X)p
where Plyis g phenyl group M. s @ methykaroun, R is selgcied from.a reactiye organie’ functional
group or curable group, R’ is hydride or a hydrocarbon group having | to 204 carbon atoms, x has a
value of DIt Din'Had e varie erdorde oiom o H‘*é§Ci\‘/’éﬁﬁé%%‘?@ﬁd?@.Q‘F,ﬁé’ﬁ‘a@ée\%alue of 0,01 to
0.9%; p hasiaivalue oLRATE 6.9 38dmERkotP.1; ARd solvent: (8028 Wsefi solventsde, but are not
limitedboxy-2-propanol, propylene glycol monomethyl ethyl acetate and eyclohexanone, among
others. THe ARC composition typically comprises from about 10% to about 99.9 wt% solvent based on
the total weightokthesARGRampesiicnygitentatively 80 taiR5wtdn:0021}The ARG composition may
comprise a frﬁ\g radical initiator or ;he{r tadtdciltives to promote. and irQquve th}e‘gHre,off the resin, i.e.
increasethe erossinking derdiy ot the résinBeing cured. at Slevatedteiperattiié®or under
irradiatioparStigtable: freelvatticalinitidgtons:30inchuderperoxides anick photointiators:gsuch as benzoyi
pergxide, dieurnyl peraxide, gzobigisautyronitiile, (MBN) and qthess;Tyrically, ihe free fadical initiator
is presentin an DC 10518 PCT N



WO 2009/091440PCT/US2008/083849 amount of up to WOO ppm, alternatively 10 to 500 ppm, based
on the tofdl wdichirofithe ARC composition. The other additives may include, but not limited to,
photo-acid w.}&gy@@&@cid generators, photo-base and thermal-bas gepgiateis, 409244 The ARC
composition may comprise other additives. These other additives include, 5hut are not limited to Lewis
and Bronsted acids and bases generated photochemically or thermally during the curing process,
which are know in the art. Examples include TAG-2168 which contains blocked dodecylbenzene
sulfonic T:;i‘q"jn from Ki_an[lQELJSt[«,ie at N,oryvz?;}:(k, CT and IRGACURE 379 w| gcmgha blocked tertiary
alkyl amiRE Froih ‘Gi0S Epetiaity e ARELTE” Prsto S YerEIEEIE A kndwr ih°the art and include
sulfonyldiazemethane i()aeidrgenerators] onium: salt géreratols angioximesisullonatie acid generators,

phospho Hm s{alt nerators, ulf@nium salt enggatg)rsj, o) oniqm gal,t gen _rat_orjs Jn]qinos_ulfonate
S LISE for‘n’anm SOIVOTHE ma}'éf.ﬁ e}f m%mac 3V, DUL DL Med 8, S uiﬂiﬁ:{ ‘%H’} i,:iSCh
generators, 6ximesulforfate generators; disulfone generators, and o-nitrobenzyl sulfonate generators.

Thermal acilgensrsitors dredknowheinaie @ anocinttudecBromaticcsaifonic acitbpaitsnExamples of the
thermal-agid gengralors (TAG) ar AROIO-REIC aQEW&E%?J?xéﬁﬁg)::?&ﬂﬁ-,. foundin.Pelym. big. Sci 1992,
32,1462 hy 1.V Crivello and 3. Am, Chem. Soc. 1991, 113, 4303 by I. F. Cameron and IM.J.
16-echeliGEspesthvety; divd dre TR LRI S &0 bR S KINGIRAESBENGhWER; NJ 06852, [0023]
The antirgflsclive, coatingcompgsitionsare formed:hy Mmixing.together.the silsssauiexane resin,
solvent, and optionally the free radical initiator and/or other additive. 20Typically the free radical

initiator GHGPRSrHelithE 8 AEFEH TS (FECEERtIAG COMPUSIfLM i PrsE &t €8%0 prevent premature
curing. [Q@24bThe-antiraflective aoaling cemposilionis appliediie anelectramare.joidea@icoated
subgtrate. 'lé;njé‘ejgro_ljv,egt is reypoved and t ggilseg uigx{apg rgsilnﬁisbqurexd to.pr. dbU,C ‘t[he ?ntireflective
coating of the EIE PN REVIERPTILS) Tpitaly the electionit‘detica iR Sémicondutior device, such
as silicon:sased-devices land:gatiumarsenide:pased:demidesamtended for use in the manufacture of a
semiconductor companent, Typically. fhe deviee camirises, at least ane, semicandiictiye laver and a
plurality of other fayers comprising various conductive, 'serniconductive, or insulating materials.
30[0026]i8pewific methods for application of the ARC composition to the electronic device include, hut
are not liggifed 9, Spin-coating, dip-coating. spay ceaiing, Jevw:coaling osereens [Li5:10s18 PCT1 WO
2009/091440PCT/US2008/083849 printing and others. The preferred method for application is spin
coating. TyBIBaRY, CHEtMYineaesBPiaMhERtHE Aletirahic daies b abbit PBoeEPMitand adding the
ARC compasition:ie the-surface efdhe.shinning electronic:device. {0027 hesselvent.is vemoved and
the silsesquioxane resin is cured to form the anti-reflective coating on the electronic device. Curing
generally toHprisds%i&sting the coating to a sufficient temperature for a sufficient duration to lead to
curing. Cigiingjoneursnwhemsufficient-crass!inkinghas dakeniplacecsuch:thiad: thes sitsesguioxane resin is
essentially insoluble in theﬂs_ol\,/gnrt from which it was a ,‘g_ligd.ag;gr'n.g nmg‘}/}'{%lﬁ RJ{?C? f?r example by
heating the o ated Eiedtronic device at'80™V'id HED TSP 0,116 B0 Pinttes. gitemati vely 10150 C to
275:C fopefkb Bybimihutes raitematively 200G ¢oe260CorOld so/@ahinutes Qanylmethod of heating
may be yged, Auring. e Cringastop. a1 AmRle: ine.conted eleclionis drvice,may e placed in a
quartz tube furnace, convection oven or allowed to stand on hot plates. Alternatively, the
anti--refléetiveacosting € an ! ¢ aireG Lisder Ul Irslioie tiv At atio i i Wik preden cechfphstdactive
additives, sychas-RNeia-acid 9ansraRr (RACH L1 2800258, 08 RBralars, 408281 d o protect the
silsesquioKane resin of the coated composition from reactions with oxygen or carbon during curing,
the curingPEtefs EaABE e ABTHBA GHoRF anERC MBS e dtiBepHerds GYEfil herein include, but
are not gmﬂe«@ t&;sll'tsnlﬂgg @?ﬂﬁléf@z@@f BY rdnerbritis Mf.agmt that ih.@@nﬁ@@w?&s@@ntain :jess than I50
ppm and preferably less than 10 ppm of 20o0xygen, The pressure at which the curing and remova
steps are CArREY 8[&%@%8?&&%51}.%% Bl %‘gl’éoﬁ”iép‘ttﬁ?é‘ﬁﬁl?f]é!a\?'ﬁé’lt\ﬁ/yérﬁip ‘h’a’fﬁ?gélﬂ%éfl%\‘pressure
although supparssupesatmosphericpiessures mayravork Blsaa[@9ROh:@neexdusedithaceleetronic

device co qsin tpe anti-reflective co.a E”Q ,%an.be qseg iq}fu.rtpe,_r subgtrate‘ roﬂge‘ssing steps, such
sicll ite of the SIICoNe 165N CSPeCia ly VOEh E%&Déﬁ n thos 118 Temoval 38 suesesied,
as photoﬁ‘[ ography. en used inphotolithography, 25a resist image is for &d over the

anti-refletifiAid Lating: Hrespkocess forformingg the: resistompiseke(yforming 2ofiliviof a resist
comgosition on ton of.the anti-reflective gaating. (MldmageiseLxpasingthaurgsist film to radiation to

produce an exposed film; and o
Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid

4



(c) developing the exposed film to produce an image. The anti-reflective coatings on the electronic
device are{pardicuRirlyiuseful with resist compositions that are image-wise exposed 30to ultraviolet
radiation hayingfexgrglength of 157 nm to 365 nm, alternatively ultravioletradiasion gying a
wavelength of 157 mil or 193 nm. Once an image has been produced in the DC10518 PCTI WO
2009/091440PCT/US2008/083849 resist film, then a patternetched may be used to remove the
anti-relle flective -oating. Known etching materials Additional steps or removing the resist film and
remainin ti-reflective coating may he employed to product a device having. th (:!e:_sjreéj architecture.
[0030] THE B Bhating SoMOGSHIaNS cu A2 SUrad SEI0nbr IO BN S2 ShiF 185 FASduce coatings
that can be reimoved:bystripipingasolutions. It has been found that the antireflective coatings produced

herein hayg ey SOINE (5.0, REMEMANI TIMRMEBsistanse, 1093 The ol

owing.examples are
included to demonstraté embodiment e Invention. It should be appreciate l‘%@%ﬁéﬁ%of skill in the
art that thestebhpiirssodisel ot fthal 0examiples whithh follow ¢ prasedttectimiglied discovered by
the inventpr o functionwelhin the Rractce of bednyention. and {hus-canbe considenad tg constitute
preferred modes for its practice. However, those of skill in the art’should, in light of the present
disclosuré® ¥ppraaiste thdt i thiadgas et bE Yy i the! spreiic' BB atifiénts which are
disclosed:and.stih ebtrinaulikepssindlanresulicwithoutdeparting fram the-spirt-ang seape of the
invention, EXAMPLES [0032] The following examare included to demonstrate preferred embodiments
of the 20MVENtEH=SFELIE B SPhré SFatEa By hBs8 oFERIPEIA S AT TS 14 ERRIGUES disclosed in
the examples wineh:foltoyireptgsent techaiguessdisceveradibynthadnvertorda fisnction well in the
pragice qf.the nventian, and fus can b considered 1 gonstitute preferred mades for s practice.
However. those of Skill I the art sShould: inTight of the present disdloclre’ appreciate that many
changes gahrbemmagdéinithe specifid:empodish8ritswhich<areptisclosadbandy stilt ofstain a like or similar
result withautdepaing Rm, e spirikand. seone.afhe Lakention. 0033k 10 thegwing examples MA
represents a methacry oxypropypgroup, Vi represents a vinyl group, Ph represents a phenyl group and
Me represéhisraehisthiyt grouip! BT10518 PCT! WO 2009/091440PCT/US2008/083849 [00341
PGMEA ﬁ@@@?@ rBMsShRRERYIHMEIOX Y8l ane:(4:98.9.L.02% MOl&)k Bzomposition
methacryloxypropyltrimethoxysilane (18.63 g, 0.075 mol), methyltriethoxylsilane 0.075 mole),
triethoxylSTRREYT2.32 g, 0.075 mole), ethanol (30 g) and D1 water (18g. 1 mole) were loaded into a
three-neck flaskyingdessaitroger. Next nitticiacid({0%, 0.11 g) was added to the solution. The mixture
was heated while stirring at 80C for 4h, followed by refluxing for 4 hrs, during which about 120 g of

volatiles wéfetremayet. T he soititiGhwasthBn cobled to reorn e Fperdfiré to-yield & cigar light yellow

solution (pH 4) at 19 t%j e r‘sc’illé;[joqgnﬁ\fyﬁs: Iij_t%r@qvt}hggp%%h I?iQ._%Q:[Qéﬁro(r}lﬂP,Tngilvtgr. GPC results:
Mw = 53,500; = 29 21.'Thé Fesulting resin-has a theoratical formula of 10(PISiO312)0.10(

HS103/2)0B3e6408m)0:80¢ MASIDROY08. R is hydnde or a hydrocarbon group having | o
20 4 carbon atoms, X has a value of 0, 1 or 2; m has a vaiue of §.01 108,97, n has a value of (.01
0 0.97, o hus o value of 000 o 097, phus a value of 00010 097, and m+ n+ o +p= 1 and
{11} a solvent.
[0020] Uselul solvents (it) include. but ure not imited to, [-methoxy-2-propanel, propylene

giveol monomethyl ethy! acetate and cyclohexanone, among others. The ARC composition

S
{ ps

typicatly comprises from about 109% to about 99.9 wi'% soivent based on the total weight of
the ARC composition, alternatively 80 w0 95 wi %.

[0621] The ARC composition may comprise a free radical injtiator or other additives to
promote and improve the cure of the resin, L.e. increase the crosslinking density of the resin
being cured, at elevated temperatures or under irradiation. Suitable free radical minialors
30 include peroxides and photoinitiators such as benzoyl peroxide, dicumnyl peroxide,

azobisisobutyronitrile (AIBN) and others. Typicaliy the free radical initialor 1s present in an
q



‘Example 2 100351 A PGMEA solutionwt.%, 10g) of.sin produced in Example 1 was mixed rzoyl
peroxide Y8.015d i¥sblved in 2g of RAMA). The material was spin-coated on a 4" silicon wafer, which
is then cureg,at,4effs:fQr | min. The physical and optical properties of thepwﬂfggz%g@s;pﬁn measured.
Film thickness= 1726 A. Si% = 27.3%. Example 3 [0036] PGMEA (300 grams), phenyitrimethoxysilane
(4.96 g, 0.025 mole), 3- 20methacryloxypropyltrimethoxysilane (6.21 g, 0.025 mol),
rnethyltriethoxylsilane (22.29 g, 0.125 mole), triethoNylsilane (12.32 g, 0.075 mole), ethanol (30 g) and

Di water (18 g, mole) were loaded into a threesnecked flask under nitrogen. Next, nitric acid (70%, 0,11
g) was aé@&% %é)mtﬁ‘é’)s%lﬁaé@n?pﬂ%’é%& ‘ﬁ‘r\énv@a%ﬁ%atﬁg )anﬁil!?(a‘“é ?ﬂ?ﬁ}ggéﬁ @%& ?5?‘%‘!\??6%@%& by refluxing
for 4 hrs,urisgiwhichhalbtr 120:gves velatileBiiebeiresnovedd Thesolution! was:25thehacadled to room
temperat;éggﬁ%x}glgf%&l%%ggigm yellow salutios mmié}) at 10 wt%. The solution was filtered through a
0.20 micron PTFE filter, GPC results: Mw = 2080; Mw/Mn = 1,74, The resin had a theoretical formula
of OAS | B8 (Lo (HS: 0B0Y0s3(NIcSHO3/T )0 BOIKASHT B0 THe D CHO5 1¢IPCTLWIO,
2009{09144QRGT/US2008/083849 Framples4 103714 BSMEA soltion (30wt %, WO of the resin
produced in Example 3 was mixed with benzoyl peroxide (0.01 g dissolved in 2g of PGMEA). The

material WAEEBIH CORBHOAA 2 RIRESH WAISE, WhiSR 5 tHER lrda &P 250 S/ FOF IR 2The wet
removal raie:afteReIHEmaRL0R%e HyHE-98 sExample:5:40[0038]-120 8 afiprapylene.glycol methyl
ether acetate (PGM 0.9), phenylrrich!orosilane (5.29 g, 0.025 male), methyltrichlorosilane
(18.69g. iﬁtééﬁr‘%ﬁ%ﬁ#ﬁﬁiéﬁI’o@éﬂgﬁe“&‘f 4% 61098 Mbley Hht Hiehofdsiid (#0.16 g, 0.075 mole)
were added tocaithr&seneekied:-fiaskiat:20Ckundern athittogen: atopasphere: iniaseparate flask, PGMEA
(35Q,9) and water (12.96 9, 0.72 mole) were added and mixed; the homogenous, 15wateriPGMEA
SO|§'[{I%I‘1 v‘@%iéw ’fﬁ’é‘r’l1 %gtiégﬂ%ﬁ & three-neckec %?ﬁ)g'sf “’dc’\}%%}gf)é’m‘ki{’r%éféﬁ‘sﬂa (e tﬁ%%’ag'ijtii}é{ﬁ]fﬁé"reaction
flask wastaliowed teubody: fostivechoutst:T he soltion was:tramsférred ol dhisepanation, funnel, and
washed WPl WBIelRE: 5 100 6 WIRoULIRINARL AL AllR: R uAshieRl, Jhe water portion is
at the bottom and is drained after each wash. The solution was then transferred to a IL pear flask.
About 40§ 6F YO v&8 atéEd ATeolutivhoBivey! stupre dHoTRO WIS BB iLivA BYiTot-yap. The result
10% PGMEMmseiutionvas-hettiedifartesting afies filtered shiougha,0.2.-mprTsflan filter, PC results
(vs. PS): Mw =10 400,‘Mwll\/ln = 3.9{7_5 The resin had a theoretical formula!of PhSIO 3/210.
10(A81037 10 ENEL 031 /065B6¢1$10311Y0 1 EXEBIE'S {0030 APEMEA Lol (EWiE08, 10g) of the
resin produged indexampleb/was mixed: wilhhenzoyLpemxide(Q0d g; dissolvedin 2. 0f,PGMEA).
The material was %){jn\-g at%?d%g% " silicon wafer, which is then cured at 250C. for 1 min. The wet
removal FATE RS cuve Bk 1 db% by NE-98. 30 DC10518 PCTI WO |
2009/0944DR CTAUS26008/083848 i kxampleftions are formed by mixing together the

siisesguioxane resin, solvent, and optionally the free radical imtiator and/or other additive.
20 Typically the free radical initiator or other additive is added to the coating composition just

prior Lo its use Lo prevent premsture cunng.

{49241 The antireflective coating composition is applied to an electronic device to producs a

coated substrate. The solvent is removed and the silsesquioxane resin is cured to produce the

antireflective coating on the electronic device,

Bt
v

[6825] Typically the electronic device 18 a semiconductor device, such as silicon-based
devices and gallium arsenide-based devices intended for use in the manufacture of &
semiconductor component. Typically, the device comprises at least one semiconductive laver
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.

3G (0026} Specific methods for application of the ARC composition to the electronic device

include, but are not limited to, spin-coating, dip-coating, spay-coating, flow-coating, screen-

6



[0040] PGMEAO grams), phenyltr ethoxysilane (4.96 g, 0.025 ino(3- glycidoxypropyptrimethoxysilane
(5.90 g, Bx0285ttbly Miethyltriethoxylsikine (22.29 g, 0.125 mole), triethoxylsilane (12.32g. 0.075 mole),
and DI wateg, (] §,6,do{1igle) Were loaded into a three-necked flask under pi Doigdynitric acid
(70%, 0,05 g) was added to the solution. The mixture was heated while stirring at 80C for 2h, followed
by rel'luxing for 4 hrs, during which about 120 2 of volatiles were removed. The solution was then
cooled to room temperature to yield a clear tight solution at 10 wt%, The solution was filtered through a
0.20 micron .fliFg(fj}tie,r, PC f?§9l§§: M‘\%: 4950, Mw/Mn = 2.78. The resin had a theoretical
10formulA of (BREI0/710. 10(1 LSO 75 306 e &ith 8070 56 SB731Y0 % . ERifipie 81641 A PGMEA
solution (10 Wt9610g) o the desimprothveed in Exaniple R Nds mixeidwitih0 A% Q of TAG-2168 (in 2 g of

PGMEA)myﬁ%iggg%r}@QgM%%e& gl%%e,g)( bem ene sulfonic acid in PGMEA as a thermal acid

generator, from King industries at Nor ell’k‘,né% 5”6?8%% glfﬁie{’?haterial was spin-coated on a 4" silicon
wafer, wHIERAVasehahyaure ceatcr 50 ot mircsThe Wt removedratecdfier curemias 100% by NE-98,

Example §:Z0{004&] i PGMEAsolytion:t Rt 1009t the resin prodpced in Example 7 was mixed
with 0101 g of IRGACITRE 3%9{’%(&1 g}ag ic%f I%(GM{(EK%Q Wﬁ%ﬁb%a%%cﬂéeg %gr%%%}'ﬂkyl aBl n%%, from Ciba

specialty* cHERIEA & PEHERdMal WARSEHhdGaiten Bricalrogintsn. iaférashichsig’isen cured at 250C
for 1 minsuThesnettamayalarale aftar sure was H00Me by DE:98: 25Film, Goatingand Characterization
[0043] The fll‘frE coatjing on wafers was processed on a Karl Suss CF62 spin coater. The resin PGMEA

solution WAL 1St MHSFeG R EIa 0™ it FERE 61 filtdF AR PRSI Co i dmid Skindard single

sid.e foundnthepotisheddew resistivitywalers ar doutilesiged polished FUR wadessi(spin speed = 2000

rpmyaccelgration = 500Q, time = 20 seconds), Films 30were.cured at a temperature (200-250C)
0 %8 ﬁt ) %e%dferd)Pg 10?;@11'}&!1&-8, aﬁ\,mc.uz/.c %5%% %\I{ r%’cees%sr%% %é@ v‘%

for 90 seconds as indicated in the tables UsSing a rapid tHerm By SV8H'With a nitrogen
gas purgénThetfilm thicknegsprefractive &1DCL0518 PCE.| WO:2008/109144:RCT/US2008/083849
index angk YGINEWALE AIATINREHAINY B, AlVRRlialn elipsometer. The Ihiskness yaes recorded
were the average of nine measurements. PGMEA _ resistance after cure was getermlnea y
measuriff Hemithickiess ichande beforélaid aferPGMER iRgs. Thiewétrerioval rate was

assessedith 40, sOMMEIGial welsiiRping salution NEB9,and,GGL 5. Sontast angle measurements

using water and methylene iodide as liquids were used to calculate the critical surface tension of
wettihg GEHG HE“A&ME Approach, Results are summarized in Table 1, 2. and 3. ‘Fable I. Cure

- PropertiesgabMethasndate: kunetionakSilsesavioxans.ReshiFxamplediand.40its bignd with free
radical initiators. | Example Free Radical Initiruori Bake T, t-t Th, A 2156 9160 2147 2173 ATh, A

OXYEen phCArDRRRlNrN gcynne, the curing siep can be performed under an inert atmosphere, :
PG MEASEST B4R : K ARe g sisp o performed under an inert atmospher
inert atmospheres useful herein include, but are not limited to nitvogen and argon. By “inest”

it 18 meant that the environment contain less than 50 ppm and preferably less than 10 ppm of
20 exygen. The pressurc 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
atrnospheric pressures may work also.
{04281 Once cured, the electronic device comprising the anti-reflective coating can be used in
further substrate processing sieps, such as photolithography. When used in photolithography,
25 aresist image is formed over the anti-reflective coating. The process for forming the resist
image comprises (a) forming a film of 4 resist composition on top of the anti-reflective
coating; (b} image-wise exposing the resist film to radiation 10 produce an exposed filn, and
{c} developing the exposed film to produce an image, The anti-reflective coutings on the
electromic device are particularly useful with resist compositions that are image-wise exposed
30 to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively shiraviolel
radiation having 2 wavelength of 157 nm or 193 nm. Once an tmage has been produced in the

sy
!
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resist fiim, then a pattern is etched in the anti-reflective coating. Known etching materials
may be used (o remove the anti-reflective coating, Additional steps or removing the resist
film and rernaining anti-reflective coating may be cmpioyved 1o produce a devies having the

desired architecture.

LA

(3830 The ARC coating compositions can be cured at lower temperatures and they produce
coatings that can be removed by stripping solutions. It has been found that the antireflective
coatings produced herein have better solvent {c.g. PGMEAY and TMAH resistance.

(0031} The following examples are included Lo dewmonstrate embodiments of the invention.
it should be appreciated by those of skill in the art that the techniques disclosed in the

10 examples which follow represent technigues discoversd by the invenior to function well in
the praciice of the swvention, and thus can be considered 1o constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure,
appreciaie that many changes can be made in the specific embodiments which are disclosed

and stilf obtain a Like or similar result without departing from the spirit and scope of the

ann
LA

invention,

EXAMPLES
{80321 The following examples are included to demonstrate preferred erabodiments of the
20 invention. U should be appreciated by those of skill in the art that the wechniques disclosed in
the examples which follow represent technigques discovered by the invenior to funciion weil
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

(A
LA

and still obtain a like ot similar result without departing from the spirit and scope of the
invention,
[6633] In the following examples MA represents a methacryloxypropyl group, Vi tepresents

a vinyl group, Ph represents a phenyl group and Me represents a methyl group

30 Example i



UIf'1 250 250 2160231 i 2158!i7,2 'BP() = benzoyl peroxide; DCP = (bounty( peroxide; LUP = Lupersol
101 Tab{ZCSUrePidperties of Methacrylate Functional Silsesquioxane Resin (Example 3) and its
blend with feg radigg] Jpjtiators Example Free Radical Initiator' Bake T, %%&T&/&f@MEA I'ATh, A
TMA1-1 A-5 None900 520 370 200 1531 Sc 250 126559 250 -- 1285

190341 PGMEA (300 grams), phenylirimethoxysilane {4.96 g, 0.025 mole}, 3-
methacrylor ypropyhirimethoxysilane (18.63 g, L0775 mol), methyltniethoxylsilane {1337 g,
G.075 moie}. tricthoxyisilane (12.32 g, 86.075 mole), ethanot (30 g) and D water (18 g, |
moie) were ioaded inte a three-neck flask under nitrogen. Next, nitric acid (70%, G111 g} was
5 added to the solution. The mixture was heated while stiiring at 80°C for 4h, followed by
reffuxing for 4 hrs, during which about 120 g of volatiles were removed. The solution was
then cooled to room temperature (o vield a clear light yellow solution {pH =4} at 10 wi%.
The solution was filtered through a 6.28 micron PTPE filter. GPC results: Mw = 53 500,
MM, = 2221 The resulting resin has a theoretical fornmuia of

10 (PhSI10320 10HSIO 050 31 Me5i109,0 30 36{MASIO s 4.

Example 2

[35] A POMEA solution (10 wi.%, 10g) of the resin produced in BExample I wus mixec

with henzoy! peroxide (L0} g dissolved 1 2g of PGMEA). The material was spin-coated on
15 a 47 silicon wafer, which is then cured at 256°C for | min. The physical and optical

properties of the wafer were then measured. Film thickness = 1726 A 8i% = 27.3%.

Example 3
10036] PGMEA (300 grams), phenyitrimethoxysilane (4.96 g, 6.025 mole}. 3-

20 methacryloxypropyltrimethoxysilane (6.21 g, 0.025 mol), methyitnethoxyisilane (22.29 g,
(3,123 mole), triethoxylsitane {12.32 g 0.075 mole}, ethano! (30 g} and D water (18 g, 1
mole} were loaded into a three-necked flask under nitrogen. Next, nitric acid (70%, 0.11 g
was added to the solution. The mixture was heated while stirming a3 807U for 4h, [olowed by
refluxing for 4 hrs, during which about 120 g of volatiles were removed. The solution was

25 then cooled to room temperature to yield a clear Hght yellow solution (pH ~ &) at 10 wi%.
The solution was filtered through a 8.20 mucron PTFE filter. GPC results: Mw = 2080;

Wiw/WVin = 1,74 The resin had a theoretical formula of

(PhSiO3m)0. 10(HSIO 3200 3(MeSi00 )0 50{MASIGy2n 1
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Example 4

{00637] A PGMEA solution (10 wt.%, 10g) of the resin produced in Example 3 was mixed
with benzoyl peroxide (0.01 g dissolved in 2g of PGMEA). The material was spin-coated on
a 47 silicon wafer, which is then cured at 250G °C for | min. The wet removal rate afler cure

5 was [00% by NE-98.

Example §

16 [0838] 120 g of propylene glycol methyl ether acetate (PGMEA,, 120 ¢,
phenyltrichlorosilane (5.29 g, 0.025 mole), methyvitrichlorosilane (18.69 g, €.125 molb).
vinylirichlorositane (4.04 g, 0.025 mole), and trichlorosilane (10,16 g, 0.675 mole) were
added 1o a three-necked flask at 20°C under a nitrogen atmosphere, In a separate flask,
POMEA (350 g) and water (12.96 g, 0.72 mole) were added and mixed; the homogenous

o/

oy
n

waer/PGMEA solution was then added to the three-necked flask over 90 minutes. After the
addition the reaction flask was allowed to body for two bours, The solution was transferred 1o -
a 1L separation funnel, and washed with DI water twice (2 x 100 g) without mizing {pH=!
after two washes). The water portion is at the bottom and is drained after each wash. The
soluiton was then ransferred 1o a 1L pear Hask, About 40g of BtOH was added. The solution
20 was stripped to 10 wt% solution by rot-vap. The result 10% PGMEA solution was bottied for
testing after filered through 0.2 mm Teflon filter. GPC resulis (vs. PS) Mw = 10,400,

MwiMn = 297, The resin had a theoretical formula of

(PhS10372)0 100HSI0 3290 3 MeSi03/2)0 50 ViSilanla

25  Example &
[039] A PGMEA solution (10 wt.%, 10g) of the resin produeced in Example 5 was mixed
with benzoy! peroxide {0.01 ¢ dissolved in 2g of POMEA). The material was spin-coated on
a4” stticon wafer, which is then cured at 250°C for | min. The wet removal rate after cure

was 00% by NE-98.



250 1301 19 "BPO= benzoyl peroxide; DCP = dicumyl peroxide; LUP = Lupersol 101 19 DC1051.8
PCTI WO2002/091440PCT/US2008/083849 Table 3. Cure Properties ofFunctional Silscsquic ne

Resin Ex nplgdhandiglend with free radical initiators Example Free @@Qﬁg&om}gmg Bake T, C.'
Th ATh, APGMEA ATCA TM AL-1 _ A-8 None , 200 1687 384 1 200 1681 35

Example 7
[Ge48] PGMEA (300 grams), phenvitrimethoxystlane (4.96 g, 0.025 mole), (3-
glycidoxypropyhitrimethoxysilane {5.90 g, 0.025 mol}. methyliriethoxyisilane (22.29 g, 0.125

mole}. inethoxylsilanc (12.32 g, 0.075 mole), and DI water (18 ¢, | mole) were loaded into a

A

three-necked flask under nitrogen. Next, nitric acid (709, 0.05 g) was added 10 the solution.
The minture was heated while stirting at 80°C lor 2h, followed by refluxing for 4 hrs, during
which about {20 g of volatiles were removed. The solution was then cooled to room
iemperature o yvield a clear light solution at 10 wi%. The solution was filtered through a2 0.20
micron PTFE filter, GPC results: Mw = 4950; Mw/Mn = 2.78. The resin had a theoretical

10 formula of (PhSI0y)0 100HSIO 200 1(MeSi0y2)0 5ol EpSiOanin 1.

Example &
18041] A POGMEA solution (10 wi.%, 10g) of the resin produced in Example 7 was mixed
with 0,01 g of TAG-Z168 (in 2 g of POMEA), which contains blocked dodecylbenzene

15 sulfonic acid in PGMEA s & thermal acid generator, from King industries at Norwalk, CT
06852, The material was spin-coated on 47 silicon wafer, which was thi‘.i}. cured at 250°C

for | mun. The wet removal rate after cure was 100% by NE-O8

Exampie Y

Il
o

{66842] A PGMEA solution (10 wi %, 10g) of the resin produced in Example 7 was mixed
vith .01 g of IRGACURE 379 (in 2 g of PGMEA), which 1s a blocked tertiary alkyl amine,
from Ciba specialty chemicals. The matenal was spin-coated on a 47 silicon wafer, which 1s

then cured at 2530°C for | min. The wet removal rate atter cure was H{% by NE-OR.
Y

25 Film Coating and Characierization
PGMEA solution was first filtered through o 0.2 mm TEFLON filter and then spin coated
onto standard single side four inch pelished low resisuvity wafers or double sided polished
FTIR wafers {spin speed = 2000 rpm; acceleration speed = 5000, tme = 20 seconds). Films
30 were cured 4f a teroperature (200-250°C for 90 seconds as indicated in the tables using a
rapid thermal processing (RTP) oven with a nitrogen gas purzge. The Biim thickness, refraciive
it



250 1676 29 250 1654 ii 9 A1BN 200 1689 167 200 [696 10 A-10 DCP 16540 250
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index and k value were determined using a J. A. Woollam ellipsometer. The thickness values
recorded were the average of nine measurements. PGMEA resistance after cure was
determined by measuning the film thickness change before and after PGMEA rinse. The wet
removal rate was assessed with two commercial wet stripping solution NE&9 and CCH.

5 Contact angle measurements using water and methvlene iodide as liquids were used to
calculate the critical surface tension of wetiing using the Zisman approach, Results are

summarized in Table I, 2 and 3.

Table I. Cure Properties of Methacrylate Functional Silsesquioxane Resin (Example 1) and
13 its blend with free radical initiators,

Bxampie Free Radical | Bake T, °C Th, A ATh, A ATh, A
Initiator! PGMEA | TMAH
A-l Mone 200 2156 253
200 2160 29
250 2147 53
250 2173 23
A2 BPO 206 2066 7]
200 2152 21
250 1726 |13
250 1733 | i7
A3 DCP 230 2161 22
250 2193 20
A4 LUP 250 2160 23
250 2158 | 02

BPO = benzoyl peroxide; DCP = dicumyl peroxide; LUP = Lupersol 101

Table 2. Cure Propertics of Methacrylate Functional Silsesguioxane Kesin {(Example 3) and
1 ,

1% biend with free radical mitiators

Exampie Free Radical | Bake T, °C Th, A ATh. A ATh, A
Initintor’ POGMEA | 'TMAH
A-S MNone . 200 1520 37
200 1531 35
250 265 59
250 {285 44
PAD BPG 200 1516 it
f 200 1513 48
250 1369 20
250 1358 30
A-T DCP 250 1334 36
250 1301 i9

i
"BPO = benzoyl peroxide; DCP = dicumyl peroxide: LUP = Lupersol 101




1689 7 A-11 LUP 250 1334 66 2501301 , 33 A1BN = Azobisisobutyror Table 4. Cure Properties of
Epoxy witi tiienm&lgaid and base generators DCP = dicumyl Functionallsesquit peroxide; LUrsol 101

ne Resin (%T}%g/@] %d its blend Example Additive Bake T. C Th"A A;@r/%s'zboﬁg)osgé%

Table 3. Cure Properties of Vinyl Functional Silsesguioxane Resin {Example 4) and its blend
with free radical initiators

Example Free Radical | Bake T, °C Th, A ATh, & ATh, A
Inttiator’ PGMEA | TMAH
A8 Nong 208 1687 384
200 S 35
L 250 1676 29
L 250 1654 i
AR ATRN 200 [GEY 167
208 [o86 IG
A-10 DCP 256G 1654 {}
256 6289 7
Al LUF 250 1334 60
250 L3501 33

l . . .
AIBN = Azobisisobutyronitrile;

DCP = dicumy! peroxide; LUP = Lupersol 101

5 Table 4, Cure Properties of Epoxy Functional Silsesquioxane Resin {Example 73 and its blend
with thermal acid and base generators »
Exampie Additive’ HBake T, °C Th, A ATh, A - ATh. A
- PGMEA | TMAH
A-12 None 250 2167 35 40
250 2169 ; ]
 A-13 TAG-2168 | 250 2170 5 b
{TAG) 250 2165 12
A-14 IRGACURE | 250 2135 2
379 (TBG) 250 2142 O
"TAG = thermal acid generator, TBG = thermal base generator.
i



PGMEA TMA A-12 None 2501 2167 35 250i?.169 A-13 TAG-21682502170 (TAG)
2502165 A-14 1IRGACURE

WHAT IS CLAIMED 1S:
1. A silsesquioxane resin having the formula
(PhSiO3.02(0R):)m(HSI03.40:2( OR ) n(MeSiO;3.02(OR)x)o(RSIO 3.502( OR )xp

where Ph is a phenyl group Me is a methyl group, R is selected from a reactive
organic functional group or curable group, R’ is hydride or a hydrocarbon group
having from 1 to 4 carbon atoms, x has a value of 0, 1 or 2; m has a value of 0.01
to 0.97, n has a value of 0.01 to 0.97, o has a value of 0.01 to 0.97, p has a value
of 00110097, andm+n+o+p=1.

2. The silsesquioxane resin as claimed in claim 1 wherein x=0.

3. The silsesquioxane resin as claimed in claim 1 or claim 2 wherein m has a
value of 0.02 t0 0.7, n has a value of 0.0510 0.9, o has a value 0f 0.05t0 0.9 and p
has a value of 0.02 to 0.20.

4. The silsesquioxane resin as claimed in claim 3 wherein m has a value of 0.10 fo
0.50, n has a value of 0.10 to 0.50, o has a value of 0.10 to 0.60 and p has a value
of 0.05 to 0.15.

5. The silsesquioxane resin as ciaimed in ciaim 1 or claim 2 wherein R is an
acrylate group, aikenyl group, or an epoxy group.

8. The silsesquioxane resin as claimed in claim 5 wherein the acrylate group is a
methacryloxypropy! group or acryloxypropyl group.

7. The silsesquioxane resin as claimed in claim 5 wherein the alkenyl group is a
vinyl group.

8. The silsaesquioxane resin as claimed in claim 5 wherein the epoxy group is a
glycidoxypropy! group or epoxycyclohexane group.

14



250 2135 379 (TBG) 250 2142 thermal acid generator; TBG = thermal base generator. WHAT IS
CLAIMED IS: 1. A silsesquioxane resin having the formula
(PhSi0(3_02(OR"x),-,(HS10(3-02(OR")x)n(MeSi0(3-x)/2(OR")x)0(RSIi0(3-x)/2(0F)Op where Ph is a
phenyl group Me is a methyl group, R is selected from a reactive organic functional group or curable
group, R' is hydride or a hydrocarbon group having from 1 to 4 carbon atoms, x has a value of 0, 1 or
2; m has a value of 0.01 to 0.97, n has a value of 0.01 to 0.97, o has a value of 0.01 to 0.97, p has a
value of 0:01 to 0.97, and m+n+o+p 1. 2. The silsesquioxane resin as claimed in claim 1 wherein x=0.
3. The silsesquioxane resin as claimed in claim 1 or claim 2 wherein m has a value of 0.02 to 0.7, n
has a valge of Ed%issfion edragraigjue of 0.05 to 0.9 and p has a value of 0.02 to 0.20. 4. The
silsesquioxane resin as claimed in claim 3 wherein m has a value of 0.10 to 0.50, n has a value of 0.10
to 0.50, o(hasisestunsatcl@Eandeiagthp fsalaalue of 0.05 to 0.15. 5. The silsesquioxane resin as
claimed in claim 1 or claim 2 wherein R is an acrylate group, alkenyl group, or an epoxy group. 6. The

siIsesqui&&%@@w@%ﬁ?wﬁﬂ@@l&imé@ﬁ@% ) ‘%ww@ﬁék?yloxypropyl group or

I I ._7..The sil ' ' laimed in clai herein the alkenyl '
vinyl rou3 SIS TH S R ECETTR AR e '&@5&5&%??@&%#@?5%%%@'“ GhGpisa
glycidoxyBrepigienpisna OloFE2aR Yrth. R 98 AYTIHE i foRYesRms RMbTiP Yssquioxane
resin havitggtRe/fd@ 0. 1 or 2, m has a value of 0.01 to 0.97, n has a value of 0.07 to 0.97,

(PhSi0(3 ®RBR WgHSREHY 2OR Khev e Sia@ ad 0RO RII0@IACRY) Op whete!Ph is a phenyl
group Medad methyl group, R is selected from a reactive organic functional group or curable group, R’
is hydride or a hydrocarbon group, x has a value of 0, 1 or 2; m has a value of 0.01 to 0.97, n has a
value of 0.8l 3019gMi has a value of 0.01 to 0.97, p has a value of 0.01t0 0.97, and m+n+o0p 1;
and (ii) a salvent. 10. The composition as claimed_in claim 9 wherein x=0. 11. The composition as

claimed in BialHECOPMLRID FhERIASH dNTRIBh LIV IS IRIGHEYy-2-propanol, glycol monomethyl ethyl
acetate, of £yqighexanone o2, J e omARSIion 2> laimer 19 GRIMLA, oh&'aimd wherein the solvent
is present in’ an amourit 0 t0,99.9 wi% a%e on the o;al welp tq F‘he comnposmon.

methoxy-2-propanol, giycol monomethyl ethyl acetate, or cyctohexanone.

12. The composition as claimed in claim 9 or claim 10 wherein the solvent is

present in an amount of 10 to 99.9 wt% based on the total weight of the

composition.

13. The composition as claimed in claim 9 or claim 10 wherein the composition
additionally contains a free radical initiator.

14. The composition as claimed in claim 13 wherein the free radical initiator is a
peroxide.

15. The composition as claimed in claim 13 wherein the free radical initiator is
present in an amount of 10 to 500 ppm based on the total weight of the
composition.

186. The composition as claimed in claim 9 or claim 10 wherein the composition
additionally contains an additive seiected from photo-acid generators, thermal-acid
generators, photo-base or thermal-base generators.
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13. The composition as claimed in claim 9 or claim 10 wherein the composition additionally contains a
free radical initiator. 14. The composition as claimed in claim 13 wherein the free radical initiator is a
peroxide. 15. The composition as claimed in claim 13 wherein the free radical initiator is present in an
amount of 10 to 500 ppm based on the total weight of the composition. 16. The composition as
claimed in claim 9 or claim 10 wherein the composition additionally contains an additive selected from
photo-acid generators, thermal-acid generators, photo-base or thermal-base generators. 17. A
method of forming an antireflective coating on an electronic device comprising (A) applying to an
electronic device an antireflective coating composition comprising (i) silsesquioxane resin having the

formula (RESIIneR{ERPAN{HiHE AR H2t LR eSI3-0A (BRI HIO Revidk2(OR')Op where Ph is
a phenyl %@HBrMﬁéS a methyl group, R is selected from a reactive organic functional group or curable
group, R'is hydride or a hydrocarbon group, x has a value of 0, 1 or 2; m has a value of 0.01 to 0.97, n
has a valys)of§h0dnkp t0. 97, e aiv akend caf Arldntir &8¢t pehasatingkmngfdaifibrio 0.95, and m+n+o+p
1; and (ii) sbafiMemMg and (B) removing the solvent and curing the silsesquioxane resin to form an
antireflective coating on the electronic device. 18.The method according to claim 17 wherein x=0. 19.
The meth(y atselsgonesaneiasm Ivaemgdim fo8wmherein the antireflective coating composition
additionally contains a free radical initiator. 20. The method as claimed in claim 17 or claim 18 wherein
the antirefERRHE coatlifcbmpdSitidnadSiffohatilyesitiing-42 RddidFeieiectd® Frdne photo-acid

generators, thermal-acid generators, photo- baseo thermal-base generators. 21. The method as
claimed iVA&if " 1*7'8@1@\%‘@@(@?9&%@&@& % &8HRy d?’n?)%% f{?g%b@f?@%wgpm coating. 22.

The methBtIaSEBIREP IR CHRHA P BRISIRHR the @ll@égt{f@%%ﬁeﬁ%ﬁ@ BRed By heating. 23. The
method a§aseirvatimadifin1 22 Whsress tyalscePidkdnd @5imisas reabierffliRg & 8PC to 450 C
for 0.1 to 6(hasiruret@ 4f THHE reeth®d ashdaianegiue cbih®d 1ot daimntBrvhargimthe siildesquioxane
resin is cuged by ultraviolet light.

(i) a solvent, and

(B) removing the solvent and curing the silsesquioxane resin to form an
antireflective coating on the electronic device.

18.  The method according to claim 17 wherein x=0.

19. The method as claimed in claim 17 or claim 18 wherein the antirefiective
coating composition additionally contains a free radical initiator.

20. The method as claimed in claim 17 or claim 18 wherein the antireflective
coating composition additionally contains an additive selected from photo-acid
generators, thermal-acid generators, photo-base or thermal-base generators.

21. The method as claimed in claim 17 or 18 wherein the antireflective coating
composition is applied by spin coating.

22. The method as claimed in claim 17 or 18 wherein the silsesquioxane resin is
cured by heating.

23. The method as claimed in claim 22 wherein the silsesquioxane resin is cured
by heating at 8C °C to 450 °C for 0.1 to 60 minutes.

24. The method as claimed in claim 17 or claim 18 wherein the silsesquioxane
resin is cured by ultraviolet light.
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