STABI LI ZATI ON OF SI LSESQUI OXANE RESI NS CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clainms the benefit of U S
Provi si onstb 24piplesat i on No. 561/ 266, 572, fil ed Decenber pér/tR0@8/058ACKCROUND
OF THE | NVENTI ON [ 0002] Sil sesqui oxane resins and other silicon based
resins have found wi de applications in electronic industry and ot her
industries. To facilitate cure and to 10control the properties of the
resins, the resins typically contain sonme silanol and/or thermal curable or

WV curabl e functiona , f i | group,

nmet hacryl ate functiohggbgﬁgzgpfﬂﬁ@E&ﬁFSﬁéékﬁﬁgfm§$g%ﬁﬁggnnng others. In the
el ectronics industry, the end custoners prefer keeping the resin at anbient
tenperature for transg@rtatlon and storage for about three to six nonths.

15Unf ortunat el y, beeBUISE-REFERBNECENHD REEATHMPPLISATEONPe typical |y not
st abl e enoug t C th silano
and/ or free r“ dgﬁf%l’hlsaa h lonfC unc? ?}%nbéﬁg%tr‘gﬁggzP@kmes}lo\ﬁé%@?%bg‘m@. Zi ng

mat éri al s mnBmQﬁhﬁsafﬂu@ﬁktaﬂmﬁ4gz@ups has been by addi ng an organic
inhibitor, e.g. tert-butylated hydroxyl toluene (BHT). However, wth

si | sesqui oxane resins, this organic inhibitor does not al ways 20wor Kk,
perhaps due to uneven di gNd@aROPIND Diet EqNQ; inhibitors are
desired. BRI EF SUMWARY OF THE | NVENTI ON FOOOS] |s invention relates to
the stabili zéﬂﬂO@m Sdﬁesquﬂosquﬁslmxarcbothwlmomhmedaﬁmnahm feudawale and/ or a

free radical rable functional , grou ro h|| hi bitor that 25has

the capabi i F9PsRIREDEGIG- Aredy Al e ioughe- o aelierulaenid

EEE@CR Iy IPIT Ic Oe\llc bdﬁzlnt_% ik @ruammﬁé kldehsi e WS t&?c?l%ftﬁinltdng Sorhé f@llafn%g aﬂtmﬁoﬂtDETAl LED
as een 1oun a

hydr ophi | i ¢ therepl caltr@le QJUUN calsawﬁ flmml@na&g(q_wawdt & @rﬂ@t@cfu@t)tlonags@mr bi ¢

acid, salicylig ac |l ei c cl as st ahi |.i zer WO
2011 0ea766per UESUEBRsEE sfh, AP b eBatCaa®, MIRE UFELRIT oxane 1 esi n
sol ution. W tRetbnibeindgstBourtnyultbersyprefehR&pirgthe fEsirDJt%rrﬁ)ﬁeﬂltt hought to be
effective because they are relatively hydrophilic, and can form strong

hydr ogen bonR§raHe m@swwmanérsmywfaha#%htthr%tw%@orﬂﬁﬂm cal curable
fungti onal I

podSes™) SO QR REE, LIRS ARl SRETRLF o ML SRUED,
curabl e funChn&ﬁ&hﬁgﬂmuﬂmxﬂﬁukﬁe@Bﬂ@Eyﬁﬁbéﬁnihﬂhsﬂmﬁdamﬂomﬁﬁﬂﬁdmslreadlly

avai l abl e for scaven any geperated free radical @{ev nt nnlecular

wei ght growt FUr3Plsg %Ov i GOTRy MG WY Yetiabaiziag TGt USEHRH oxane
resin conposi I’du E‘h&sOtSHéh'b aﬁglnég(llo}ga%lcslhhﬁ)%ﬂlél%)wpgu ?rl%@édrhﬁi ksthddg: (@)
t he unit (RS| 02(OR Jx)mwhere" R i1s a reactive ofgani ¢ group selected
from groups éﬁHﬁalprgwacwyh@ﬂym®unnnmmﬂ®n&ﬂys@@mmcadnhmHNQC$mM@%ypﬁopyl

graup, acryl oxypropyl group, renic |on ity,. . i s .hydrogen at om
or WPhyar onavth roidan e ingon TR 4 ASE IS Beb i Craid apifed
optionally one or any conbination of the follomnng unlts

(R1SIi0(3_ 02(OR )x)n (R2Si 0(3 02 x)0 3 02(OR)X)p

20( RBR4SI O) q (Si 0( 4- 02(@&#E$UM‘%YIQIF'§'HE NV N ic group, e. g.

gzt 2?!13 gregggiOOO\éLE%ls réveéltlt] eflilteg t?l ?lblélZ?.tllOOn of%ﬂts%g}u%p(ane reg’mgha?ugntaR% a d
hydr ogen at ogilgol andwlobr ﬁée’ifab&lal @irahlp b gircmpmAlhydxoﬂhlﬁaﬁﬂmmo%Morrs Ph

represents a phenylwgﬁoup s has a value of 0 , or 4; x has a val ue
of 20,1 or 2; hanihe capapility P1 peEBPETY @émhsemhglzeacomcmé yalisylie #ihas a

val ue of O. O%ng?ﬁé“bpdgﬂﬁmgdKﬁ&@ﬁhgim%réﬁh0 95; o0 has a value of 0.0 to

0.20; p has a va as a value of 0 to 0.75; and m+ n +

IS

o+p+q+r =1and (I'1) a hydrophilic inhibitor conprising
strong hydrogen bond o] p or a carboxylic
strong hy 519 4 AP R AR o THIEN ROH N AR

[0004] It has been found that hydrophilic materials, such as Vitamin C (L-ascorbic

30 acid), D-ascorbic acid, salicylic acid, and maleic anhydride act as stabilizers when



(I'11) polar organic solvent, such as 4-nethyl-2-pentanol or 1-pentanol,
propyl ene glycol nethyl ether acetate (PGVEA); (1V) optionally a thernal
free radiwel2oiwiésieat or, or a photo free radical initiat®@CI/UseQ06}58251
Preparation of a silsesquioxane resin. 10[0007] An exenplary sil sesqui oxane
resin contains 6 to 60 nole% of units containing -OR groups, depending
upon the synthesis route and starting materials. If the total anmount of
units in the silsesquioxane resin containing -OR groups exceed 70 nol e%
then gel l atign _and.instabi | t f the resin my ogcur. The sil gui oxane
rasin has a V07 gt “aunt 2B droisfiaeiPSnb 3Ty *Foitane Pk Bf 00 15t o
200, 000, al t eticay, ihese hhititdrhigre tRoi@ght ©fbexPRctive BRAuLRARey at reitivaly vely in the
range of 700 to 30,0000 as determ ned by gel perneation chromatography

enpl oyi ng R hi&RRYIFoHd£aa foya) siEangradeogen gﬁ@canawh[tbm@}lofrgrequ It he

si | sesqui oxa I, [ of i i i hydr ol ysi s
and condensa?ﬁgﬁgﬁ%&? ém%g%?g%??é?%g%ﬁ%iﬁEggggfﬁ?ﬁ%gﬁ%%?%ggﬁﬁ%gﬁg"possibIe
20t Bat resi dividreover tendisolit is @RIroged bordérpawith sibanboherospd sekguiraxadiealr esi n as

aresult of inc | ete hydrolysis or condensation.. [0009]. The,
si | sesqui oxaﬁ‘érag]gng?Ft}%a PP Al Hsﬁoﬁede’BEﬂégatit © ’cﬂ%@’l&[‘é%ré b prilable Ky ent .

Any sui t abl e 0n880hE afy cfleldt&PRE: RBIURNS pldhah: HOBSuIRAeigAYradvih. @ functiona
group ot her than alcoho% whi ch nay participate in the hydrolysis and/ or

condensat i on[0E5¢altis owemign feetains del a isablsrsskesgitiogandresigicbgpsgjtiboxane resi n
The solvent is generally used in an anount of 40 to 98 wei ght percent based
on the total “REPYHIEof sol vent and silane reactants, alternatively 70 to 90
weijght per cemta silkBRuicasd ieoi dsprRmecarri ed out as a dual phase or

si ngl e- phase system [00%0] Useful organic solvents nay be
exenplified by, but@nde uhitnRSed §.0,(ORUYNat ed 30aliphatics such as

n- pent ane, hexane, n-heptane, and i1sooctane; cycloaliphatics such WO

2011/ 068766 PCWHIB2R 1904 Ea8@ %l or@snic goluppelet@d déroam groopctoha@Ermpearrydoxymat | €S

such as benzege, tol uene,, xyl ene, pesit | ene; eth?rs sucp as .
t et r ahydr of ur aHctignakLy sech IHVE%% °§VV8§Y1 P AGTY CYREPY! FPH RRETGI§ col
di met hyl et hergn$RhANG SR SUBRdATMRLRY b SRRIEAbIEI RS AV BEdmaN@ 4

cycl ohexanone; hal ogenh subsfituted al kanes such as trichloroethane;
halldgenat ed Sandentatass;go¢h as bronobenzene and chl or obenzene; esters such

as propyl ene gl ycol 0 hyl ether acetate GWﬁA . I sohutyl isobutyrate
and propyl propi onéPg%)pQ]a?lnngli’F%ﬁlesorsaﬁléﬁoglg’lr}?gpﬂgﬁgﬂe, Oé%‘fﬁlgﬁélplf%s and i sopropanol .
Useful silicone IL ts , exenplified by, but not limted to cyclic
si | oxanes such agﬁogﬁgﬁ§¥%§icgé?otetrasionane, and

decanethylcyclopegpggglox%ggq A single solvent 10may be used or a m xture
of solvents may g /2 &?OThe reaction to produce the sil sesqui oxane
resin can be carried out at any tenperature so long as it does not cause
signi ficant gel | dPhé&HDsS1Pauee(@Brikhg of the sil sesqui oxane resin.
Typically the reactign is carried out at a tenperature in the range of 5 C
to2050 C, with 138 RoSi)Q C suggested. 15[0012] The time to formthe

si | sesqui oxane resin is dependent upon a nunber of factors such as the
tenperature, the BypE Gr@RYPpnt of silane reactants, and the anount of
catal yst. TypicaIIyI1 he reaction tine is fromseveral mnutes to gevera
hours. One ski LE : SR} il y:glet 1 he. i me
necessary to c‘)l(])ﬂrsgﬁjlét % %r{:glp ?é%cc iog%’.@gb@gdhgg:egygigﬁgﬁi g??r?g{/a de?l‘g’ufs{eﬁ % 0

facili h i on 20ic| udgl b Li i ted i tri i d,
cur furi ¢ aci o PEGPRbRC G G opPt Selepeh Bk e Boblifoffe o

Base cat al yst t ] 1 e I i but are
not limted tiPEQ@a$3§¥ﬂ§§$%§?%g¥&ﬁ% aggkdﬁﬁh%é€§§%§@§hé§£%%ﬁfﬁy roxi de,

t et25anmet hyl amuomyy iPhhryee @exisdepheh gl gratypttsyHaa mvahie wihOhy,dY, Gxorde x Hak aaiahyl am ne,
anong ot hers. %%[901 ] Follow ng conpletion of the reaction the catalyst
may be optiondMy'Pe d. Methods for renoving the catalyst are well known
in the art and would include neutralization, stripping or water washing or
conbi nati ons thereof. Large anmpbunts of catal yst may negatively inpact the
shelf life of the silicone resin especially when in solution thus its
renmoval is suggested. WO 2011/068766RCT/ US2010/ 058251 [0014] In the
process for making the sil sesqui oxane tesin, after the reaction is
conplete, volatiles may be renoved fromthe silsesqui oxane resin sol ution
under reduced pressure. Such volatiles include al cohol by-products, excess
wat er, catalyst, hydrochloric acid (chlorosilane routes) and sol vents.

Met hods for renoving volatiles 5are known in the art and include, for
exanple, distillation. [0015] A stabilized resin conposition [0016]

Conposi tions useful for various applications, but in particular a coating

o " o " o



Additionally, the resin concentration in solvent can be adjusted by
renmovi ng sone of 20t he sol vent or addi ng additional anmounts of solvent.
[0017] Thwoconpwsicbi on typically contains a solvent. UseCuluSsalowssss
include, but are not limted to, 1-nethoxy-2-propanol, 4-nethyl-2-pentanol,
1- pentanol, propyl ene glycol nononethyl ethyl acetate, y-butyrolactone, and
cycl ohexanone, anong others. In one enbodi nent, a coating conposition
conprises from10%to 2599.9 w % sol vent based on the total meight of the
coating conposj Lt i.pen lo¢en s 80
PR VISR R st TR R SR LA T
in an anount @0 t60.2® ;ﬁ&sm@mmﬂo (Bilot(BTS’jaltha‘g’aWyﬂqu)f'()Qo DOSOMY PpFH + o +
alternatively, 100 to 500 ppm based on the total weight of the coating
conposition. R5fddiTi#8¢ is a conpound which is 30capabl e of scavenging a

free radical

2011/ 06876655%3]%@%?%{/?’%%@%@%&%&@% S%“%:sﬁlggﬁg 5&‘?‘3&&* lg@?ﬁﬁﬂ%%rQEW imt to
Vit ami rhy@rdxlyt asopobi cahokd)c, grbumsebr bi ¢ aci d, sallcyllc acid, and maleic
anhydri de. 1 The coat conpositi ptio conpr ses an
activator, dg[g)eﬁ ahﬁrgﬁ%ﬁOitVﬁgt SUFhEs femy V]a? lHF%ta]é(ﬂ H?nFaé‘aLPFOé)éf?e@Possl i nk
denSIty1Wk@nkn%dg@@pm%@§gPkﬁwﬁﬂg Ssi | sesqui oxane resin conprises acrylate
or nethacrylate functional or styrenic groups, the activator is selected
from a free (Nadomrinalihe theamal finget niadicalringiatas, perophwte frek wdical mitidtert or . [ 0020]

A free radic nit pr.is a co ound which is capabl e of

generati ng aﬁFF%E??ﬂ%?%f W%l @%F@ﬂ”ﬁﬁ%?ng baking step. Suitable free
radipcal ther pggo7i Aintdx@in@ly didehsilisii@e rdduf car@dind 6 9 E®mhole® ob@N&OY! per oxi de,
di cunyl peroxide, azobisisobutyronitrile (AIBN), anong others. The therma

initiator adeewfamingHR sybups. Sepeadingtwon the sygthesis foute andstarsing dereds. mor e of
the m xture t r di

initiator |s%%h%g§d5@%{gﬁhﬁ%ﬁ&f%ﬁééggﬁﬂeg&%%%gﬁgra Eﬁﬁﬁ%(§§f?%n8radlca
when exposedekeedV0 duwledgthehgelaioa agdl éptabBitly tod Heaegihaiay detint | Tahe)r s include,
but not limted to 2,4, 6-trinethyl benzoyl di phenyl phohﬁvlne oXi

di (2,4, 6-tri ﬁ%&eﬁwww%bm Wﬁﬁb@é}yﬁr%é e cdar wragt sMwv)da ﬂie\/r&flgfi/‘éfssoo

et @yl ol benzgj @()(ﬁ@fc?r \c'tﬁéﬂlé(t?ve(l))hmbtﬁ@p é f éOijoOPf)@l (ﬂ)@eal@?ﬁdtf‘(/@fy' iM % range of

ben2|lketals oxycycl chexy

2-nmet hyl - 1-[ ZIO(Q treLﬁO)Q(DQOrus@)emngeﬂl]by%ehpmpi&@ﬂwdeplmaqogmpﬁy emgloyg RI

20benzyl- 2- dlneth | a 4- nor phol i nophenyl) - but an-1-one, a, a-

di al koxyacet §pR€ po @ﬁ%#@??ﬁ@?fates [0022] Typically the activator is
present 1nt NDGS?%bi&gﬂﬁﬂ’l@ﬁﬁ%sglhl@f@aﬂer}eﬁﬂ o?—fﬂé%éseﬁ’ﬂ( 1nUeEhtfo@l 1@&0@9&%
alternatively 10 t0 10,000 ppm based on the total weight of the coating
conposi ti on. h2®®b@@3mdrh@km@aumnédmﬁpmmmnwﬁwﬂaWStﬂmﬂ@&@@@nduuﬁp@wﬂﬂ@n

cont.ai ning a se i .to tho

e e ousty avEl sl CoTBLor FOKS ity TRBE skt GRS R 4 PSP 1 s,

the coating GEORPHE h@rolysisappbiRds@iona substrate having a pattern thereon.

A non-limting exanple of the substrate is a sem conductor device, such as

si | i con- base Vilhe silsergriopeane iresin rtxpipglBenpducsd ip 8 EeseneaRiehi®den80f or use

2011/ 065766PeH OuatTop BaBE S AOARY | Blee® B ARHr e RL Koo lE ) or

and a pl ural other ﬂfan @Ichhol ddayle mquﬂ:mpasd mgh& hydrolysis aadihicbhd@isation
segbconductlve ul at terl [0024] The %?ttern aon t he

conduct ofAKYH EBY Pe vESHN A Uping t Eﬁ@ﬂ%ﬁ%@@pe resiferlbe pakvenids ceestyappl i ed
and patter neﬁsedTXQh%ﬂlolth ) tB@tStv@eﬁ%gg)e%Rtt @Js@cl? b Ehe t§taf QE&EQO&%W%@%
antirefl ective coating which over a hardmask as seen in Figure 1.
Met hods for aipieyeangpntheltphatiele g0 st 90 waight gfreact Thereaotain mgy beidartiad dmask
| ayers are known i ods for producing a pattern in the
phot or esi st PﬁV@r‘ﬁPLQ%FEBrﬂHgGAﬂ?ﬁ3$ﬁ@Hb [ 0025] Specific nethods for
application pf010N€/s6QRbIABIcGORRAS Indyde éx@mbhﬁe&b@fbtui ab@irtide! Ydaatchut are
not limted to, spin-coating, dip-coating, spay-coating, rom#coatlng,
scr3@en- pri nt rah@haémﬁ sushtae nspentpine. heypiies athepsnhoddiisnoctppl dyskoeliphntics suhi n
coating. Typically, coating involves spinning the electronic device, at
1,000 to 2,000 RPM and addi ng the co% ing conposition to the surface of
t he spinning el ectronic device. [0026]" Once the coating conposition has
been applied, any solvent is renpved and 15t he coati ng conposition exposed
to a curing nechanismto activate the activator in the reverse patterning
coating |layer and cause the coating conposition to cure. Depending on the
functional group on the silsesquioxane resin and the activator in




the conposition, the curing nechanismmay be thermal or by radiation.

[0027] To thermally cure the coating conposition, the coated substrate is
heat ed t owa 280#@8T6bci ent tenperature for a sufficient decatisesowss2bead to
curing. Curing may take place by heating the coated el ectronic device at 80
Cto 450 Cfor 0.1 to 60 mnutes, alternatively 150 Cto 275 C for of 0.5
to 5 mnutes, alternatively 200 Cto 250 C for 0.5 to 2 mnutes, or at any
tenperature suitable for the substrate and the coating corrpositi on,

sel ected from we I e from
between 0.1 {0 El) %S%B?QH&Q Wner él‘%\e gﬁon?%lcs ﬁuCh %be e@%’pt(e)ﬁ%b é/,?e%fshe shorter

the cure timenesityiyndrethreduoh aheahhyiofn, Eﬁ)xﬁﬁfﬁdtl”@lﬁ’nbfggycbh&emw ethgr, St ep.
For exanple, the coated electronic device may be placed in a{\/guartz t ube

furnace, conydtensglsobdimsihyipihsiidgtongs Sich H@Hﬂ%@%ﬂdﬁe&le( BEQ]and

Radi ation c S

Sor adi it 1 on SLInASEHe nIBER fBGiGRAWACARAB IRl B RBERLD B 1
ul t Savi ol et aMaZﬁiwdh&sbﬁnﬁE@%’nkBMhﬁlcﬁMhzﬂ&demm @mhkmmr@;grlmev@yc&ﬂengt h

of 193 nmto 365 n S usedf a t@\/lﬁ& ravi ol e radf ation having a
wavel engt h of"OPRBIHY Giheriss 1t1 PEYT3tE ARG PIoBN! RIGRCERE: | ncl ude
Mercury, mer oo Si@hs rﬁéiﬁ'ar?&?%%nbfiﬁl?é1soﬁl%pbﬂ9ﬂset‘(¥%’1ﬁl:@&%heh@%é’§' on is
used, e.g., 365 nm it is suggested to add a sensitizer to the coat’ing
Sconposi t i onbt exanpliirdebyabetoropiinmated 66 cydhie silextings sush.asFul | exposure of the

t t | | th I t h 00 nu/ gn® of
Fadiat Von.  antapRaolvRlR R iRt B8 SR e RO A TRAT S ENPL S

10[19029] Therﬁaglﬂeqm,dlgr@m@{mﬂeeﬁsalrv@mgﬂglyqﬂe@edo dem)nstrate enbodi nent s of
the invention. It should be appreciated by those of skill in the art that

t he techni qué®0ldi Jb¢ seaston o praducs tagrilsesuwtians raso qa@\h@ﬂéﬁtﬁé@@h@t an@chni ques

di scovered b V. C t

nvent  on. HA S RIRE ayiProddet LRRR Webinehll SR A S g o e
present di scm@wpﬁox@pmml ay;ﬁcatllyahe raaoyorcRanged onamn daemjasratmdﬁuhe t he
speci fic enbodi nents whic sclosed and still obtain a like or simlar
result wt hoEﬁngH@ﬁérglt‘héSQ r(éri'YlfM5 §piorlilP *arigegetde of the invention. All
perjgent ages % I oxane
Corposi ton Aa2haneiimelt PR fickauipEiEERRT A pBRIALudhy™ pgREA o

- CH2CH2CH2O- €tz @d&)as(ﬂhd?te[l@@&@]re |the tyipe aabamumtmftsﬂﬁmmdtmts 'Eﬂd ithe a " T

unit" having the g ruc R5i 0312, an Ther fore Te
'S G- 51 CB3 SR oAt BRI BB B TOURT ST GBI ER S 168 0 g of
net hyl tri met Rgxys Un@@l@ﬂl@@ iBhe TR Will AR @ r@efdﬂ@@i’etermme the tlme necessary to

25met hacryl oxy) propyl tri met hoxysil ane (0.20 ndl), 4 g of nmethanol, 71 g
of wat er, 0. 8dBpleteOie rmh%%t%aﬂwﬁmi@ﬁnﬁy@p@mdﬁ@ fa@htm ®a réagtioet hanol . 5

ellets of 2.6+ bi vl et.hyl enI.B ) s .added to

Phath xt ur o et pens BT i STRG R SR RS anc
then ref | uxedcitiodcedc hauy fd. otHéirerBasécgamts%alnu etu@écﬁtoﬁﬁtlﬂta\fﬁﬁle(%%tiblﬁ\ed in
a flask and the m xture was stirred for WO 2011/ 068766PCT/ US2010/ 058251 5
mn. After abislid eswage@fft lggyragdens sofisn hedrevide. Fatasmurhieydoedde. SEHER, t he
tenperature s s added to
t he reactor gﬁ% E‘ tt% gﬁ%gt}l g%umr%éon\%g %ﬁgll%gg% Eétra%%%égbn% c%lﬁthﬁg{}gudgfay removi ng
t he sol vent tm@mlhmmemam@taeﬂs trap. Once the tenperature reached to 86 C

t he breactio st opped. The cI r solution s transferred to anot her
F125K and t nOU FelleviRgsoraisioad %rgawa&h@C%ﬁ&ﬁaﬁlaéft%opé&Onw EMOTH

col orless vi %@&h@ds'fbﬂﬂéhf%vﬂ@%h@'béthﬂ&&%&%ﬁ kﬂo&ﬁh@bﬂe a?-t REW AP nchRe 10 Wt %
The residual toluene was continuodsly renoved on the rotary evaporator at
40 C until t heutsadizationstrippsgcoveiartwahig or oomboatioB0heveds. [Tange sodbwitts on was

again diluted.tg .10 wt 9% wi.t

Propar ati on of cSetirbberitbidndenilestiy U REDF Hlcohd SRR BN S hery T
0. 60T 0. 20Q0 iR 1utith thus FHRARGHL G £ CH3) =CH2 15[ 0032] Qis a "Qunit"
havi ng the general structure SiO412. [0033] 270 g of toluene, 61.3 g of

met hyl tri met hoxysil ane, 37.25 g of (3- nethacryl oxy)propyltrinethoxysil ane,
31.25 g of tetraethylorthosilicate (TECS), 362 g of nethanol, 54 g of

wat er, 0.345g 10% tetranet hyl anmoni um4hydroxi de solution in nethanol. The
m xture was stirred for 2 hours at roomtenperature and then 5 20pellets of
2, 6-bis(1, 1-di net hyl et hyl ) - 4- net hyl phenol (BHT) was added to the m xture
then refluxed for 3 hours and. 1 Qg of acetic acid was added to the m xture
and the m xture was stirred for 5 mn. After about 350 g of solvent was
renoved fromthe Dean-Stark, the tenperature was raised to 72 C
Subsequently, 150 g of toluene was added to the reactor and the tenperature
was rai sed to 86 C by 2500nt| nuousl y removi ng the solvent fromthe

~ ~ o M



reached to 86 C, the reaction was stopped. The clear solution was
transferred to another flask and the solvent was renoved on a rotary
evapor at owoan114e81Gs The col orl ess viscous |iquid was di Paras$2emioss251

4- et hyl - 2-pentanol to 10 wt % The residual toluene was continuously
removed on the rotary evaporator at 40 C until WO

2011/ 068766PCT/ US2010/ 058251 t he sol ution was concentrated to about 30 wt %
The solution was again diluted to 10 wt % w th 4-nethyl - 2-pentanol . Exanple

Sol ution i n EIMATARIR fedSl Pr B IGhT Pl el bR RRRIAPICG” 7o acn

of the pl astcempRrtd, helktiwamaddedmadd orafihd iBesjul Z@s€tbsx@dngioaandéd ons made
in Exanple |I. Then, 0.010 0. 020g 50 0.100g of ascorbic acid was
added to foufedyeed PEssHE. u$q<:brv§latlift§r1@§b@fc@lfs<3&1§»y-p Ugtserepolatep fatabypt. t he
sol utions wa t I was
added 0. 100 gy%r?&?%}r}% gﬂut%}]l(gfgﬂ ydrg{) @8@0 VE@S eﬂlfe% gz%ﬂhft?ﬁgg%%v\\gyg%sghake
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10 steps may be carried out to obtain the silsesquioxane resin in the desired form or

ri 71-

desired concentration. For example, the silsesquioxane resin may be concentrated by
removing the solvent. The method of solvent removal is not critical and numerous
methods are well known in the art (e.g. distillation under heat and/or vacuum). Once
the concentration of the silsesquioxane resin reaches to a certain concentration, the
15 resin can be diluted with the same or another solvent for a particular use.
Alternatively, if a different solvent, other than the solvent used in the reaction, is
desired for the final product, a solvent exchange may be done by adding a secondary
solvent and removing the first solvent through distillation, for example.
Additionally, the resin concentration in solvent can be adjusted by removing some of
20 the solvent or adding additional amounts of solvent.
[0017] The composition typically contains a solvent. Useful solvents include, but
are not limited to, 1-methoxy-2-propanol, 4-methyl-2-pentanol, 1-pentanol,
propylene glycol monomethyl ethyl acetate, y-butyrolactone, and cyclohexanone,
among others. In one embodiment, a coating composition comprises from 10% to
25 99.9 wt% solvent based on the total weight of the coating composition. In a
particular embodiment, the solvent amount is 80 to 98 wt %.
[0018] The coating composition further comprises a stabilizer in an amount of up to
50,000 ppm, alternatively 10 to 10,000 ppm, alternatively, 100 to 500 ppm, based on
the total weight of the coating composition. A stabilizer is a compound which is

30 capable of scavenging a free radical during the storage of the coating composition.
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Stabilizers include but are not limit to Vitamin C (L-ascorbic acid), D-ascorbic acid,
salicylic acid, and maleic anhydride.
[0019] The coating composition optionally comprises an activator, depending upon
the cure temperature and the required crosslink density. In the case wherein the

5 silsesquioxane resin comprises acrylate or methacrylate functional or styrenic
groups, the activator is selected from a free radical thermal initiator or a photo radical
initiator.
[0020] A free radical thermal initiator is a compound which is capable of generating
a free radical when heated during baking step. Suitable free radical thermal initiators

10 include, but not limited to, benzoyl peroxide, dicumyl peroxide,
azobisisobutyronitrile (AIBN), among others. The thermal initiator added to the
solution can be a single initiator or two or more of the mixture of the thermal
initiators.

[0021] A free radical photo initiator is a compound which is capable of generating a

15 free radical when exposed to UV during the bake step. Suitable photo initiators
include, but not limited to 2,4,6-trimethylbenzoyldiphenyl phosphine oxide, di-
(2,4,6-trimethylbenoylphenyl phosphine oxide, benzoin derivatives, methylolbenzoin
derivative, 4-benzyl-1,3-dioxolane derivatives, benzilketals, 1-hydroxycyclohexy
phenylketone, 2-methyl-1-[4-(methylthio)phenyl]-2-morpholino-propan-2-one, 2-

20 benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butan-1-one, o, a-
dialkoxyacetophenones, phenylglyoxylates.

[0022] Typically the activator is present in the coating composition in an amount of
up to 20,000 ppm, alternatively 10 to 10,000 ppm, based on the total weight of the
coating composition.

25 [0023] The coating composition of the present invention containing a stabilizer may
be used in a manner identical to those previously available compositions that do not
include a stabilizer. In use, the coating composition is applied on a substrate having
a pattern thereon. A non-limiting example of the substrate is a semiconductor
device, such as silicon-based devices and gallium arsenide-based devices intended

30 for use in the manufacture of a semiconductor component. Typically, the device
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comprises at least one semiconductive layer and a plurality of other layers
comprising various conductive, semiconductive, or insulating materials.
[0024] The pattern on the semiconductor device is typically a photoresist layer that
has been applied and patterned. Typically the patterned photoresist is formed over
5 an antireflective coating which is formed over a hardmask as seen in Figure 1.
Methods for applying the photoresist, antireflective coating and hardmask layers are
known in the art. Methods for producing a pattern in the photoresist layer are also
known in the art.
[0025] Specific methods for application of the coating composition to the substrate
10 include, but are not limited to, spin-coating, dip-coating, spay-coating, flow-coating,
screen-printing and others. The typical method for application is spin coating.
Typically, coating involves spinning the electronic device, at 1,000 to 2,000 RPM,
and adding the coating composition to the surface of the spinning electronic device.
[0026] Once the coating composition has been applied, any solvent is removed and
15 the coating composition exposed to a curing mechanism to activate the activator in
the reverse patterning coating layer and cause the coating composition to cure.
Depending on the functional group on the silsesquioxane resin and the activator in
the composition, the curing mechanism may be thermal or by radiation.
[0027] To thermally cure the coating composition, the coated substrate is heated to a
20 sufficient temperature for a sufficient duration to lead to curing. Curing may take
place by heating the coated electronic device at 80 °C to 450 °C for 0.1 to 60
minutes, alternatively 150 °C to 275 °C for of 0.5 to 5 minutes, alternatively 200 °C
to 250 °C for 0.5 to 2 minutes, or at any temperature suitable for the substrate and the
coating composition, selected from between 80 to 450 °C for a time period selected
25 from between 0.1 to 60 minutes, wherein the higher the temperature, the shorter the
cure time. Any method of heating may be used during the curing step. For example,
the coated electronic device may be placed in a quartz tube furnace, convection oven
or allowed to stand on hot plates.
[0028] Radiation curing occurs when the coating composition is exposed to a

30 radiation source such as UV, X-ray, e-beam, EUV, or the like. Typically ultraviolet
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radiation having a wavelength of 193 nm to 365 nm is used, alternatively ultraviolet
radiation having a wavelength of 246 nm or 365 nm is used. Suitable radiation
sources include mercury, mercury/xenon, and xenon lamps. At longer wavelength
radiation is used, e.g., 365 nm, it is suggested to add a sensitizer to the coating

5 composition to enhance absorption of the radiation. Full exposure of the coating

composition is typically achieved with less than 100 mJ/cm2 of radiation,

alternatively with less than 50 mJ/cm2 of radiation.

EXAMPLES
10 [0029] The following examples are included to demonstrate embodiments of the
invention. 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 skilled in
the art should, in light of the present disclosure, appreciate that many changes can be
15 made in the specific embodiments which are disclosed and still obtain a like or
similar result without departing from the spirit and scope of the invention. All

percentages are in wt. %.

Example 1:

20  Preparation of a silsesquioxane composition having the unit formula
™0 50T 020, R1=-CHyCHCH0-CO-C(CH3)=CH,

[0030] In the above unit formula, TX is a “T unit” having the general structure
RSi03);, and Me is methyl. Therefore ™€ ig CH5-Si0O5». R1 is indicated above.
[0031] 150 g of toluene, 109.0 g of methyltrimethoxysilane (0.80 mol), 49.6 g of (3-

25 methacryloxy)propyltrimethoxysilane (0.20 mol), 294 g of methanol, 71 g of water,
0.345g 10% tetramethylammonium hydroxide solution in methanol. 5 pellets of 2,6-
bis(1,1-dimethylethyl)-4-methylphenol (BHT) was added to the mixture. The
mixture was stirred for 2 hours at room temperature and then refluxed for 2 hours..

Then, 3 g of 0.1 N nitric acid was combined in a flask and the mixture was stirred for
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5 min. After about 350 g of solvent was removed from the Dean-Stark, the
temperature was raised to 72 °C. Subsequently, 150 g of toluene was added to the
reactor and the temperature was raised to 86 °C by continuously removing the
solvent from the Dean-Stark trap. Once the temperature reached to 86 °C, the
reaction was stopped. The clear solution was transferred to another flask and the
solvent was removed on a rotary evaporator at 40 °C. The colorless viscous liquid
was diluted with 4-methyl-2-pentanol to 10 wt %. The residual toluene was
continuously removed on the rotary evaporator at 40 °C until the solution was
concentrated to about 30 wt%. The solution was again diluted to 10 wt % with 4-

methyl-2-pentanol.

Example 2:

Preparation of a silsesquioxane composition having the unit formula

TMe0.60TR10.20Q0.20, R1 =-CHyCHCH0-CO-C(CH3)=CH

[0032] Q is a “Q unit” having the general structure SiO.y,.

[0033] 270 g of toluene, 61.3 g of methyltrimethoxysilane, 37.25 g of (3-
methacryloxy)propyltrimethoxysilane, 31.25 g of tetraethylorthosilicate (TEOS), 362
g of methanol, 54 g of water, 0.345g 10% tetramethylammonium hydroxide solution
in methanol. The mixture was stirred for 2 hours at room temperature and then 5
pellets of 2,6-bis(1,1-dimethylethyl)-4-methylphenol (BHT) was added to the
mixture then refluxed for 3 hours and. 10g of acetic acid was added to the mixture
and the mixture was stirred for 5 min. After about 350 g of solvent was removed
from the Dean-Stark, the temperature was raised to 72 °C. Subsequently, 150 g of
toluene was added to the reactor and the temperature was raised to 86 °C by
continuously removing the solvent from the Dean-Stark trap. Once the temperature
reached to 86 °C, the reaction was stopped. The clear solution was transferred to
another flask and the solvent was removed on a rotary evaporator at 40 °C. The
colorless viscous liquid was diluted with 4-methyl-2-pentanol to 10 wt %. The

residual toluene was continuously removed on the rotary evaporator at 40 °C until
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Effect of Salicylic Acid on the Stability of the Sil sesqui oxane Resin
Solution in Exanple | 5[0036] Five 250 nL HDPE bottles were obtained. To
each of the plastic bottles was added 200 g of the sil sesqui oxane sol utions
made in exanple |I. Then, 0.020g, 0.050g, 0.100g of ascorbic acid was added

to five of the lL.utions, I i vel a nt.r ol n f o] utions
was left blan eest% .?uuPhéV LS5 ﬂ?e%gr%{s%a’a\t}\%?%o%%g?“aoe/od Tﬁ% 51?21@%1% W? Sofggai%dltl%lﬁc}g? go 1p¢'| or to
filtration. SQubseatenhkihyl-2ipentamblecul ar wei ghts of the filtered 10sol utions
wer e nmeasured by gel perneation chromatography (GPC). The stability of the

resin solution was nonitored by nol ecul ar wei ght neasurenents. Then, the

remai nigplg s@lgtions were kept in an air ventilated oven at 35 C and somne
sanples—mgﬁ%—%ulled out at approximately 1 week, 2 weeks, and 4 weeks for

GPCSandifftesf asaoicerid dwo thedhatibry dfhkee Biddeequidaane Resigfiolutich iR Ex2mpRO WO
2011/ 068766PCT/ US2010/ 058251 Table 2. Effect of Salicylic Acid on the
Stability of the Silsesqui oxane Resin Solution in Exanple | at 35 C Sanple

0 day 7 days[0034] Six 250 mL HDPE bottles were obtained. To each of the plastic bottles was
added 200 g of the silsesquioxane solutions made in Example I. Then, 0.010 g,
0.020g, 0.050g, 0.100g of ascorbic acid was added to four of the solutions,

10 respectively. As a control, one of the solutions was left blanket. For comparison, to
the remaining solution was added 0.100 g of ters-butylated hydroxyl toluene. The
solution were shaken and kept for 48 hours prior to filtration. Subsequently, the
molecular weights of the filtered solutions were measured by gel permeation
chromatography (GPC). The stability of the resin solution was monitored by

15 molecular weight measurements. The solutions were kept in an air ventilated oven at
35 °C and some samples were pulled out at approximately 1 week, 2 weeks, and 4

weeks for GPC analyses in order to monitor the molecular weight.

10
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3960 23000 5.80 3920 22900 5.84 Ex. |+ 250 PPm Salicylic Acid 4040 23200
5.76 4020 23000 5.73 4000 23300 5.83 3920 23200 5.91 Ex. | + 500 ppm

Sal i cyli cwpend/@886 23000 5.78 3960 23100 5.83 3970 22900TAISZN0®SES1 23100
5.86 Example 5

Example 4
Effect of Salicylic Acid on the Stability of the Silsesquioxane Resin Solution in Example I

5 [0036] Five 250 mL HDPE bottles were obtained. To each of the plastic bottles was

added 200 g of the silsesquioxane solutions made in example I. Then, 0.020g,
0.050g, 0.100g of ascorbic acid was added to five of the solutions, respectively. As a
control, one of the solutions was left blanket. The solutions were shacked and kept
for 48 hours prior to filtration. Subsequently, the molecular weights of the filtered

10 solutions were measured by gel permeation chromatography (GPC). The stability of
the resin solution was monitored by molecular weight measurements. Then, the
remaining solutions were kept in an air ventilated oven at 35 °C and some samples
were pulled out at approximately 1 week, 2 weeks, and 4 weeks for GPC analyses in

order to monitor the molecular weight.
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Example 5

5

10

Effect of Various Inhibitors on the Stability of the Silsesquioxane Resin Solution of Example I

[0037] Five 250 mL HDPE bottles were obtained. To each of the plastic bottles was

added 200 g of the silsesquioxane solutions made in example I. Then, 0.100g of

BHT, L-ascorbic acid, salicylic acid, and maleic anhydride were added to five of the

solutions, respectively. As a control, one of the solutions was left blanket. The

solutions were shacked and kept for 48 hours prior to filtration. Subsequently, the

molecular weights of the filtered solutions were measured by gel permeation

chromatography (GPC). The stability of the resin solution was monitored by

molecular weight measurements. Then, the remaining solutions were kept in an air

13
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+ 500 ppm L-Ascorbic Acid 3780 230006.09 3960 26000 6.56

ventilated oven at 35 °C and some samples were pulled out at approximately 1 week,

2 weeks, and 4 weeks for GPC analyses in order to monitor the molecular weight.

Table 3. Effect of Salicylic Acid on the Stability of the Silsesquioxane Resin Solution of

Example I at 35 °C

Sample 0 day 7 days 14 days 30 days
Mn Mw Mw/ Mn Mw Mw/|Mn Mw |Mw/Mn [Mw |[Mw/
Mn Mn Mn Mn

Example I 3820123200(6.08 [4030|26900 |6.68 1414029200 |7.06 (4160 (29700 |7.14
Ex. I+500 |3780|23000(6.09 [3960|26000 |6.56 |3960|26400 |6.66 (4010 |26400 |6.60
ppm L-
Ascorbic Acid
Ex.I+500 |4040|28800(7.13 [4080{29000 |7.11 |4080|29000 |7.11 4080 |28900 |7.07
ppm Salicylic
Acid
Ex.I+500 |4010|28700(7.14 [4100|29000 |7.09 {4070|28700 |7.07 4090 |28800 |7.03
ppm Maleic
Anhydride

Example 6

Effect of Various Inhibitors on the Silsesquioxane Resin Solution Stability of Example II

[0038] Five 250 mL HDPE bottles were obtained. To each of the plastic bottles was

added 200 g of the silsesquioxane solutions made in example I. Then, 0.100g of

BHT, L-ascorbic acid, salicylic acid, and maleic anhydride were added to five of the

solutions, respectively. As a control, one of the solutions was left blanket. The

solutions were shacked and kept for 48 hours prior to filtration. Subsequently, the

molecular weights of the filtered solutions were measured by gel permeation

chromatography (GPC). The stability of the resin solution was monitored by

molecular weight measurements. Then, the remaining solutions were kept in an air

14
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HDPE bot twe0wnwwse766bt ai ned. To each of the plastic bottlPpes/usasioaskied 200 g
of the silsesqui oxane solutions nade in exanple I. Then, 0.100g of BHT,
L-ascorbic acid, salicylic acid, and mal ei c anhydri de were added to five of
the solutions, respectively. As a control, one of the solutions was |eft

bl anket. The sol utions were shacked and kept for 48 hours prior to
filtration. $ Nt | V,,ctd 5 I . weight,s. of the filtered
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Sanpl e Qday 7 days 14 days Ma My My My Ma My Ma/ Ma Ma My M Ma Exanpl e | |
2120 5569%MPlg2 231006880 2. 77 2330 |/ days 14 days
Mn Mw Mw/Mn (Mn Mw  |Mw/Mn|Mn Mw [Mw/Mn

Example II 2120 |5560 |2.62 2310 |6380 |2.77 2330 16650 2.85
Ex. II + 500 2120 [5550 [2.62 2250 |6180 |2.75 2310 |66302.87
ppm BHT
Ex. I+ 500 2130 [5500  [2.59 2050 [5540 |2.70 2040 [5530(2.71

ppm L-Ascorbic
Acid
Ex. I+ 500 2000 (5360  |2.68 1930 |5440 |2.81 1850 (5370|291

ppm Salicylic
Acid

Ex. II+ 500 ppm (2310 |5550 |2.40 2500 |5820 |2.33 2500 [5730(2.29
Maleic
Anhydride

15



6650 2.85 Ex. Il + 500 ppm BHT 2120 5550 2.62 2250 6180 2.75 2310 6630 2.87
Ex. Il + 500 ppm L-Ascorbic Acid 2130 5500 2.59 2050 5540 2.70 2040 5530

2. 71 Ex. WO 201150876ppm Sal i cylic Acid 2000 5360 2.68 1930CHA%0018/08%251850
5370 2.91 Ex. 11+ 500 ppm Mal ei ¢ Anhydride 2310 5550 2. 40

Claims:
1. A stable silsesquioxane resin composition comprising
(I) a silsesquioxane resin comprising:
(a) the unit (RSi0(3x)/2(OR")x)m
5 where R is a reactive organic group selected from groups containing acryloxy
functionality such as methacryloxypropyl group, acryloxypropyl group, or styrenic
functionality. R’ is hydrogen atom or a hydrocarbon group having from 1 to 4
carbon atoms; and

(b) optionally one or any combination of the following units
10 (RISiO(3-x)/2(OR’)x)n
(RS10(3.50/2(0R )
(Ph(CH2)sS10(3-x)/2(OR")x)p
®RR*Si0),
(810 (4-x)/2(OR")x)r
15 where R1 is an aliphatic group, e. g. methyl, ethyl, vinyl, with 1-4 carbons; R2 isa
hydrophilic group; R3 and R4 are groups are independently selected from methyl or

phenyl, R’ is hydrogen atom or a hydrocarbon group having from 1 to 4 carbon
atoms, Ph represents a phenyl group; s has a value of 0, 1, 2, 3, or 4; x has a value
of 0,1 or2;

20 and in the resin m has a value of 0.025 to 1; n has a value of 0 to 0.95; o has a
value of 0.0 to 0.20; p has a value of 0.0 to 0.75; q has a value of 0 to 0.75; and m
+n+o+p+q+r=1and

(II) a hydrophilic inhibitor comprising strong hydrogen bonding groups
(IIT) polar organic solvent, and

25 (IV) optionally a thermal free radical initiator or a photo free radical initiator.
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2500 5820 2.33 2500 5730 2.29 WD 2011/068766PCT/ US2010/ 058251 Clains: 1. A
stabl e sil sesqui oxane resin conposition conprising (1) a silsesqui oxane
resin corpoi2eimgs7éba) the unit (RS 0(3_02(OR )x)m Swher @CRUS201@/068248Ct | Ve
organi c group selected from groups containing acryloxy functionality such
as net hacryl oxypropyl group, acryl oxypropyl group, or styrenic
functionality. R 1is hydrogen atom or a hydrocarbon group having from1l to
4 carbon atons; and (b) optionally one or any conbination of the follow ng

5 R O e B AP QTR DT )

met hyl ,inkeibhyd is ssledtyd fromd IL-ascbrific agidppnscorBe dcil, aaliiel agiyfiide ands0idplic R3 and
R4 are groups are independently selected fromnethyl or phenyl, R is
hydrogéﬁ“htonlor a hydrocarbon group having from1l to 4 carbon atons, Ph
represents a phenyl group; s has a value of 0, 1, 2, 3, or 4; x has a val ue
of 0,1 or 2; 20and in the resin mhas a value of 0.025 to 1; n has a val ue
of O t &.0. 95 hesilbaguaxya anebmpodtivoadtoRrlng @ daisn b wialreie tlaf pdar®drgami®. 75; q

has a value of 0 to_0.75; and_m +n+o+p+q+r, 1 and (I1) a hydrophilic

i nhi bi tSBLVeHbH%ﬁ?lF%tF‘ESrOE‘t ‘f—m@]ﬁ%nea&@ﬁ 15@%6‘?%@“&@6%@“(3@13(0)0%1%}3’? *GFhani c

sol ventyce@pdpeafit)). optionally a thermal free radical initiator or a photo
free radical initiator. WD 2011/068766PCT/US2010/ 058251 2. The

si | sesqui oxane resin conposition according to claim1, wherein the
hydrop@llicdbPhibitor is selected .fromL- scgrQLc cid, .D-as orbiffacid,
mal ei ¢ ‘anhydricdd SEHRIOEANG 'EYMCRTRETHOT S5 OFIRe 1 UL fEy iR  dirpal free
CoNPOSirhdie iACERK O APhsto ik ahdltal inihker.ei n the pol ar organic solvent is

sel ected from 4-net hyl - 2- pentaol, 1-pentaol, and propyl ene glycol nethyl
ether acetate (PGVEA). 4. The sil sesqui oxane resin conposition according to
claim1 conprising a thermal free 1l0Oradical initiator or a photo free

radi cal initiator.
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