WO 2009/111122PCT/US2009/032907 S1LSESOUIOXANE RESINS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] None 5 BACKGROUND OF THE INVENTION [0002] Antireflective

coatings (ARLH 356 2118,9f the essential materials used in microlithograp@&g&g@egy@;cal ARC
materials are expected to offer at least one of the following advantages: controlling line width by

reducing swing curve; reducing standing 10wave reduction, planarization, minimizing reflective
notching. As the patterning feature size shrinks to sub-65 nm in the microelectronic industry,
tremendous challenges for new materials have been confronted to the materials industry. Among one
of them is the 193 nm antireflective coatigasd@imsi Abacaysgnie 193 rim photoresists have a very thin
layer in order to get the right depth of focus and resolution and do not offer sufficient light absorption
and 15etch resistance. There are three different types of materials for 193 nm ARC applications:

inorganic,CrROMIR FFERsilcon dasad maEnagrinorganmsased materials generally contain silicon
oxynitride[éﬁbg(ﬁlg, silicon nitride (Si-N), and silicon carbide. Because they are oxidized into silicon
dioxide in‘0OXygen ﬁ%sma, these inorganic based materials have excellent oxygen etch resistance.
Howeéver, because these materials are produced using 20chemical vapor deposition (CVD), they can
not be used for patterning plana%z

%&%ﬂb@%%@’f Cﬂl‘}f}zﬁ@ ﬁﬁﬁnaterials cannot be removed with
Ition ed

typical etchants unless a harsh etching con IS used. Thus, they are generally retained in a device.
On the otth@d0Rdrdtirrelasttygrreabage 4YRRT awareriefsheres spiiabmigaded nsedénials and thus can be

used for pafiesning.piaRArzalQn. THey. e warkable it upice| SLHRanIS Hpweahey do not

offer high 250xygen etch resistance. Moreover, because photoresists and organic ARC materials are
both orgaffid SHAtE RIS G ANTORIRE REAtRF RIS BP St BRBIEC HIE e Isdusa stEmdarctivity required

for stippirg: effréfR&iday slankReasibis RS, Raseck ARC-MAtRsials A esilicop.Rased spinenMaterials.
They are expected to have advantages of both CVD and organic ARC materials. 30[0003] There are
many chal¥yEdSHRadiy B itaReg okieerptdpds e mctdrrasilenss FE Yppropriate

refractive inglexa(e hanrctheactbatenited abgerplies gy Qs nanienmaiehvimeiidthe phetgsesist. The
materials need to be curable i in by UV or heating at temperatures lower, than 250 C for fast turn
around pr%%%rgé%cé?v?ﬁga%nn Se(:‘il?31112nipebc'i:sX at%sﬁgx %g%gpgﬁﬁ%OW{ﬁﬁﬁﬁs Sredist B’u%@%ﬁ?éﬁri‘i? § and/or
diffusion coqat(e szhhdtmb stinrnaaudfosthy appebdimar déeice:fith-at Sntalifeatuiensiné. Further, the
matgrial ne resi lycal era ( E ther typically
pho%iresis%%%?\e/ge%ﬁ?lsg,cghqﬁ éﬁ%%ﬁ%ﬁ%ﬁ%%%ﬁy ébr%( f!:r%rﬁ:?tf m %%%ﬁ%(ig%%%gﬁ%r cure so that
the thin fillAcEaMMRtRLIANE RIGFiPESBekEEd TRHeTin Hisaavelisstd bareinbrieisialtivicrataioval of the

materials. ipallyx{haRateriaisNnustls, Yerustaple Atreomsmpesarador.at [sastbree month with

no significant molecular weight growth. 10004] Si-H containing materials are essentially base and HF

buffer solGH&HZEE I HRan AR el XY E5hpsmy heifcnaretidehast ARE bt tions are potentially
reworkablex BiikhCO@IN BEhSISRBHEONEAR SRS b aleReate T bMa AN JhidRRcanke cured at low

temperature H.Me Ph R and Si-H ining silsesquioxane resins such as TT T. T where R is a
poly% er %ﬁ%‘ﬁﬁ%ﬁ"gﬁ%%f@? a%}lﬂlp(&ﬁgéi %’5&%’6\?% 8%358%3%%’8&%&%@5@?8&. Besirable
propertiesattARC tredstaldyitbhsd enbeirigi polandotkaver tetioricompatibititanithialphathiasist and an
organic capR HOdeHRel DY ASHEDSUNRMT, 3 IR QI 84U her hand, e
organic based ARC materials are spin-on based materials and thus can be used for patterning
planarization. They are reworkable with typical etchants. However, they do not offer high
25 oxygen eich resistance. Moreover, because photoresists and organic ARC materials are both
organic materials, organic ARC materials do not offer CFx plasma based etch selectivity
required for stripping off ARC layer. The silicone based ARC materials are silicon based
spin-on materials. They are expected to have advantages of both CVD and organic ARC
materials,
30 [0003] There are many challenges for making Si based ARC materials. The materials need to

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

i
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oxygen plasma etch resistance and high CFx plasma etch selectivity and the functional groups on the
resin need to be relatively small to mitigate the outgassing problems and porosity problems. It has now
been found that resins that have an aryl sulfonate ester group are useful in ARC applications. BRIEF
SUMMARY [0004a]In a first aspect, there is provided a silsesquioxane resin comprised of the units
(Ph(CH2)rSio(3_02(OR"x)rn (HSi0(3-02(OR")On (MeSi0(3-02(0OR")x)o (RSi0(3-02(OR"YX)p
(RISIO(3-xyz(ORI)x)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 car. atoms;;R.is an aryl sulfonate ester group or a mixture
of an ar;W 1%% ﬁ%%ggl?gi}égigls tg %%epn}aaﬁ%f%}]s élaﬁ%)/%lngﬁtcﬁy Iseu1 o%élglc%lgg Sgg?%a\t}v? %%eatproviso that in the
mixture thepaajority biRratampfisiifnatesester grondgranckdnis Sblectewfimdmesdbstibeed phenyl
groups, ester groups,.palyether. groups; mercapto groups,.and reactive cural {e orga i%&inctional
groups; %‘%plaﬁ%?ggv %ﬁﬁlﬁ%{fr&s ,E?L%foo%?@nha% vgjfﬁg%l SPor ?uv{/%lﬁgin ?n the re{;r}n m has a
value offodin, 9ppenhasaalvalcevafiD081d 108ue bias. dvehee, thO8 400 OS:dy telscaassiastof 0.025
to 0.5; g has a value of 0.to 0.5:.and mn+o-F;lr)]PL¢!:|ll.I 051 This disglosure pertai S¢ ?Is%%quioxane
resins L?goepﬁPWéaﬁﬁr%%gg{ivmeetc};lg}aﬁ%hgeé3v teagfgi t eéﬁ@ésﬁ&%ﬁ lgarﬁ S%Hff%pgrs:%%r%gf %é tﬁe units
(Ph(CH2pSI0(BcI0 24 @R Yro)eth (HSIBEBnOZ(ORII(MEBIB(E) 12 ORYFOHRSIG BrinyRORM)X)p (RI
Si0(3_02(QR")x) where Ph.is a.phenyl gro e is a met roup; Rii ep.alom or a
hydroca‘r’é %Pg?}ﬁtﬁra?/riﬂae forn %hfo%i%ééer%%rﬁ% aet%ér%%; I?Qri%“é%%%&%#o%ﬁ%ryf%%%gf%teaeéter group
and a mBituilgyoftemanygraillfonatdestey grdup andahaaupivatent fardtdaifsnloaoitogtbuptvith the
proviso that.in tﬁe rqixtU{e the maﬂ'oﬂt of R are aryl sulfonate ester groups; and R1 is selected from
molec %gcmé

substitut%odsbﬁg f/fnéroups,ué%]iéxrfeg%ou olyether groups; mercapto groups, and reactive or curable

organic fon6sipSaHroupsnandmakas B vedussehBally Ba®, a4k haffa sellugoofsolublsrapdwltvsrein in the
resin m has, lue of O to 0.95; n has a.val f0.0510 0.95: 0 ha I : :3;95; p has a
value o f%eo%i/fcang%lﬁ%ma%ﬁ 'i]S us ((fg%l’ 6?5(%%]?})?150&80118 are (91(&%5_%@? I%%f%kl?a&%tglq{

(6) savalueo mn+o0+ hen these resins are used in

antireflegtiye oaliogesiney-arvdeaees law temBemurt tifahiliveand-rmasenatiaoMait resistance.

In addition, the presence of a (HSiO3/2) unit in the silsesquioxane resin is essential for the desired

cure propertigs-pashsinpakiifasisdasnmiARGmaserat Kdditiphallyeihrse sqrinztvben used in
ARC coatings provide outstanding optical, mechanical and etch electivity properties while being
applicabjeousing spastengapplidaticmteckimkt eesn [0olSie acstvgmdasspdst hdrebls provided an
antireflective coating osition risin i) the si ' inas,dgflned above, and (ii)
a solverk, Pt loeﬁt%r‘gﬁ? 1%m&il %Pcr%gegreé%%c%cﬁ}i%ritﬁél%ﬁpﬁ%ﬁg?ggﬁé%ﬁr@r{gﬁ?ﬁggﬁ al-a}cisd generator,
photo-base genegatir cirbomahderbeyge ereaing asdimixtmssthe HbB00SETer sctlivdbagipect, there is

provided a method for foiling an antireflective coating on an electronic deyice ¢comprising (A)
applyinnggwwﬁgaéﬁ&ga&ﬁ%m@f@&ﬁ%ié’@%e&}hfﬁ%tﬁ‘éﬁyﬁlgé%ﬁéﬂl%ﬁf;gﬁ%i’s (B)

removing (e SAENL2AT S IR SREAYIPARG.E AR K /pIAP ABHIER e 6raiRo on the
probiems: It has now been found that resins that have an aryl sulfonate ester group are useful

in ARC applications.

BRIEF SUMMARY

[0004a] In a first aspect, there is provided a silsesquioxane resin comprised of the units
(Ph(CH2)rS10(3.x)/2(OR ) )m
(HSi0(3-x)/2(0R )x)n
(MeSiO3.5)/2(0R " )x)o
(RSi0(3-x)2(OR)x)p

(R'Si0(3.52(0R x)q



DETAILED DESCRPTION OF THE INVENTION 100061 The silsesquioxane resins useful in forming
the antireflective coating are comprised of the units (Ph(CH2)rSi0(3_x)/2(0R. )x)m
(HSI0(3..x)/2(OR"Yx)n (MeSi0(3_x)/2(OR")x)0 (RSI0(3_xy2(OR")x)p (RISi0(3.02(OR"X)q where Ph is
a phenyl group, Me is a methyl group; R' is hydrogen atom or a hydrocarbon group having from 1 to 4
carbon atoms; R is selected from an aryl sulfonate ester group and a mixture of an aryl sulfonate ester
group and the equivalent aryl sulfonic acid group with the proviso that in the mixture the majority of R
are aryl sulfonate ester groups; and RI is selected from substityjed phenyl groups, ester groups,
polyether groupsW%6%%§/%f§g$8W E&@%ﬁ%&b?%@r’(%pf%% r%rlﬁyﬁé% aar%lj(gnré)erlc?tive or curable
organic fydeticnsbg@ups hanthg fiemal aldeabOn kidn8,Riddngssal falete oftdr poug;ovherein in the

resin m has a valg.:e of (Lto 9.95; n htas a valueé)f Oé)%.t‘g e.9,{5; olha&ani\éaété%of (9{.125‘;‘,1;1%1%95; p has a
value of BHEPEE 6% by AL ISR BSF 800 B e R S oy SRR R B OB "ahd &) are mole

fractions,, STxRigalMHAas RAEShA4A9-2BRAIITNEIL AR R A Rller nal el QIR R4LO.
Typically n has a value of 0.15 to 0.40, alternatively 0.15 to 0.3. Typically o has a value of 0.25 to 0.80,

alternatitrety ubetim@d phebypigathpyn basranalps pdYARE ter@up, rathemrpativeetyu PsO3ntbroatByd ypically
g has a value of 0 to 0.2, alternatively O to 0.15. alternativel tg Q.15. Other silicone units, such as
1015 TAYANS BEBIEERET PSR BODB A A By Aty dbr ot o
hydrocashan ghetgirhavimgrista # ¢tashomhtonSo R (il béaexemdliied b Hpméthys, lethyl, propyl,
iso-propyl, n-butyl, and tert-butyl. [0008] | ;FZ esin R is.an aryl,sulfonate ester group represented by
the form%ﬁ'gm CI‘-%%Q &ﬁé’(&%%%ﬁ%@]@ Ié |sg, t@fnﬁa%p gﬁ%aog%%ea?%%gtpgiiyaé}%c%ﬁ%%pa%gp having
1 to 10 cagben.atoms and r is as defined above. R2 may be exemplified by, but not limited to, 15
(CH3)2CH2-, CH3- CH3CH2- CH3CH2CH2-, (CH3)C-, (CH3)2CH2CH2- and others. Because of
contamiFAHEli B af%ampag%aliaop e ?|5‘?§§e“ﬂé€x§?%5q TSRS RS EPHBED and the side
reactionyehtion rasin pEepamRtian rRimRyalsprhedativaleritaryl sulfonic acid group (i.e.
HO-S02-Ph-(CH2)r-). Aryl sulfonate ester groups may be exemplified by, but not limited to,

(CH3)2 CHOB2- 3R EGH2§PROKBCH20-S02-Ph-(CH2)r-, 20 CH30-S02-Ph-(CH2)r-,
(CH3)3C0-S02-Ph-(CH2)1.-, CH3CH2CH2CH20-S02-Ph-(CH2)rand others. [0009] R1 is selected
from sulEtiiiBeslpheNA debups, ester groups, polyether groups; mercapto groups, and reactive or
curable organic functional groups. Substituted phenyl groups contain at least one HO-, Me0-, Me-, Et-,
Cl-, and/disiepsylttibents. Ester groups 25may be any organic substituent containing at least one
ester functionality. Examples of ester groups useful herein are -(CH2)2-02C(0)Me and
-(CH2)2(Bf$ame2 @8N ether groups are an organic substituent having hydrocarbon units linked
through oxygen atom, represented, but not limited, by the following structure:
-(CH2)a[B(CH2EH2BRORY, or : 4 SUBSTITUTE SHEET (RULE 26) WO
2009/111122PCT/US2009/032907
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-(CH2)a[0(CH2CH(CH3))b]cOR', whereina =210 12; b =110 6; c = 2 to 200; R' = H, C(0)CHS, alkyl,
or other organic groups. Examples of polyether groups useful herein are (CH2)3-(OCH2CH2)e-OMe,
-(CH2)3-(OCH2CH2)c-OH and -(CH2)3-(OCH2CH2)7-0Ac and -(012)340CH2CH2)c-OC(0)Me, and
-(CH2)3[0(CH2CH(CH3))10H, 5 -(CH2)3[0(CH2CH(CH3))1c0CH3. Mercapto groups have the general
formula HS(CH2)r_ where r is as described above. Examples of mercapto groups are mercaptopropyl,
mercaptoethyl, and mercaptomethyl. Reactive or curable organic functional groups may be exemplified

by, but not limited to alkenyl groups such as.vinyl and allyl; epoxy groups such as glycidoxypropyl
group and epo Slghéi%?gﬁﬁ” a%,rﬁ}fgt%\%rbsu?) S[?iyﬁ %‘é’i’bﬁ?e%ﬁé’%ﬁ%%%ﬁﬂa ups,
acryloxypropydadod ptheshd003dohhe typicativoathioehio Rproskieingl thersilseagqliatamatesin involves

the hydrolysis and condensation of the ap riate silanes. By this method it is ppssiple.that residual
O andRF SRR e WAL B SIHE S ER R P T TR Bl YIRS or

- condensafivardfifheithtalcammoun diaunithimihensitsgronigeaneatRiarcantainiifondbRisidrgroups, exceed
40 mole% then gellaton and instability of the resin may occur. Typically the silsesquioxane resin
containsgeur88uxdieds oFlgpied Eomaint iiCR THEBD ST S RETelyRS HeAYPBeh8I8%Salternatively

less than 1 mole%. 001% he silsesquioxane resin t}%s a.weight avera & rpolecul?r wg;j h} (Mw) in
the rangBBFII0 &°286,800 BRERSUGH T & EARe BT S0th SOBI00 G CRR&1VARF Rrtke range o
700 20 tp, 30:000& assdetarminéd, Hyogel pérenaatinnheeeimatographylemnpioying. R ;debestion and

lyst t ds. [0Q12]. Th th ir il [ is ti ter,
S, V0 (B G cRor Iy PH L e es dhatof KOGots THOAs Braind BSivbnt, where X s
a hydrolyzaklemraup fderendentlyoselpetgdfomiBlBheH3GR2nanakom@relpti@R . or 250ther
e Sl RS AR TS L
RZOSO%&%@T@' é@%’d\é@&’ﬁﬁ%i%lf*)%Hﬁtﬁi%%Rﬁi\{E%%lﬁo%}{!Qe%Q(}?&&&&%%%’&Iﬁ952009/032907
where R'Is as defin el ﬁy

above, Me represeénts a methyl group. Et represents an ethyl group and Ph

represenigsadananyhgspuR dOBlibabilanacontEnin\RTandistfionaiesiel glabseagsalso be
produced jn situ durir&gthe reaction to produce the resin by using a.silane ré%\ﬂncg the ,%enera_l formula

5X-S02-BRERIH 1 M RFBRCS RBH A B P B g APFS %e?g@@ﬁ?&aﬁ&% Fd'R'%&re as described

above. FapgxaRPkhilIeR BipicR LSS sintbangitebabsyethagiggpropanol, methanol, ethanol or
t-butylanol may be added to the reaction mixture resulting in the formation of R-S02-Ph-(CH2)r-SiX3

which thE00§drolylzes sandndongects€swith phey otbd psdatesopreduetrth esiipesiuioxane resin.
10[0014L(‘)I'HQe 1%lllg 2squioxane resin is typically produced in the presence of a solvent. Any suitable
organic or SHiconE solvent that does not contain a functional group which may participate in the
hydrolysis and/(or Serrdisasationansastonesmisiibed dud éhgndducing the silsesquioxane resin. The
solvent is geneigﬁl)é ggﬁ,gdp Q{H%Mtlﬁf 40 to 98 weight percent based on the total weight of solvent
and silane reactants, alternatively 70 to 90 weight 15percent. The reaction may be carried out as a
dual phase or §ﬁ@|@;@¢¢a§a@x§%f§m_&tor, photo-acid generator, thermal-acid generafor, photo-base

generator, thermal-base generator and mixtures thereof.
[0605b] . In a third aspect, there is provided a method for forming an antireflective coating
on an electronic device comprising

(A) applying to an electronic device an antireflective coating composition as defined
above; and

(B) removing the solvent and curing the silsesquioxane resin to form an antireflective

coating on the electronic device.



[0015] Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics such as
n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane and cyclohexane;
aromatics such as benzene, toluene, xylene, mesitylene; ethers such as tetrahydrofuran, dioxane,
ethylene glycol diethyl ether, ethylene glycol dimethyl ether; 20ketones such as methylisobutyl ketone
(MIBIC) and cyclohexanone; halogen substituted alkanes such as uichloroethane; halogenated
aromatics such as bromobenzene and chlorobenzene; esters such as propylene glycol monomethyl
ether acetate (PGMEA), isobuty] isohu rop i ful silicone solvents may be
exemplified by, but not Iimi(t)%ﬁlyékﬁy%%)c%%@gilm@kg%%%méﬁetrasionane, and
25decanuiwicytiepsiiasiltsans Asingleadlwefimmag becuseddicambiusemnf selvenisinaly be used.
[0016] The reaction to produce the silsesquioxane resin can be carried out at any temperature so long
as it doé’sfeﬂlft‘ggffse significant gellation or cause curing of the silsesquioxane resin. Typically the
reaction,i i at erature in the range of 5 C to 150 C, with 15C 30to 40C suggested. 6
WOZOO&%@%@%@%@%@&%@S@O? [0017] The time to form the silsesquioxane resin is dependent
upon a raplrﬁag,\r of E{t\@tﬁr?‘ §uch as the temperature, the type and amount of silane reactants, and the
amount of catﬁi/’g{, if pregennt. Typically the reaction time is from several minutes to several hours. One
skilled iq%@%y}%%@ﬁb}gto read_i!y determine t_he t!me necessary to cor_nplete the (eactio_n. _
Catalysts 5that maybe uséd to facilitate the reaction include, but are not limited to, nitric acid, sulfuric
acid, sul(ﬁgi@@c”;g%wﬁr?gwloric acid, and others. [0018]. Following completion of the reaction the
catalyst may be ‘optionally Pemoved. Methods for removing the catalyst are well know in the art and
\r/]vguld_ 'n@wgﬁ)%e%@ﬁ%ﬂ%% sFripping or water was_hing or c_ombinatior_ls there_of. The (_:atalyst may

gatively impact the 10shelf life of the silicone resin especially when in solution thus its removal is
suggested. [00%:9E18 Hhe Pigless forduaking ithesigedquoxarke iesivdrafiet Hemeaation is complete,
volatiles m(gy be removed from thufxg siliesqijioaa;;me rtesin_ lutiop ungﬁrr reducedlpr%sure. Such
volatiles B ARSROTRIRTEEUED XLesS WA ERtAbsY FYSFEEhIGHR R chioSE Ene routes)
and solvenis ghdethadbdaiikeme ving wiatildSoarecknayarouihendrthend diStieht deyiforl &xdmple,
distillation. [0020] Following the reaction to produce the silsesquigxane resin.a number of optional
Steps ma DECH B OB e LR BICTRLE PN e R ts T o Gegrea
concentration..F @géafp ' i j ! og\ﬁg}' % he solvent.
The meﬂ%gdg%f g%?vent re%%%%ﬁ%ggﬁggﬁgﬁgﬁn%%%g %%%ﬁgg? g%tes? v%véql%lfﬁlg\}/vn 2 |f£fthe art (e.g.
distillation under heat and/or vacuum). Once the concentration of the silsesquioxane resin reaches to a
certain concentration, the resin can be diluted with the same or another solvent for a particular use.
Alternatively, if a different solvent, other than the solvent used in the reaction, is desired for the final
product, a solvent exchange may be done by adding a secondary solvent and removing the first
solvent through distillation, for 25example. Additionally, the resin concentration in solvent can be
adjusted by removing some of the solvent or adding additional amounts of solvent. [0021] This
invention also pertains to an antireflective coating (ARC) composition comprising (i) silsesquioxane
resin comprised of the units 30(Ph(CH2)rSi0Oo_xy2(OR")x)m (HSiO(3_02(OR")x)n 7
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WO 2009/111122PCT/US2009/032907 (MeSi0(3-x)/2(OR")x)0 (RSIO(3_x)/2(OR")x)p
(RiSIO(3-xy2(OR")x)q where Ph is a phenyl group, Me is a methyl group; R' is hydrogen atom or a 5
hydrocarbon_group having from 1 to 4 carbon atoms; R selected from an aryl sulfonate ester group or
mixtures of az&ﬁ dliBhate ester group and the equivalent aryl sulfonic B (ﬁUSFgﬂ?ﬁﬁthhe proviso
that in the mixture the majority of R are aryl sulfonate ester groups; and R1 is selected from
substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive or curable
organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a 10value of 0. 1 or 2: wherein in

the resin m h lue of s value. 51910, 90:.9. RLQPR 10 0.95, p h
a value of%%%g% %%Sbi)cs]ﬁg% {a&{/gé%geoé O?%%%?;géﬁlg %‘r%f%%)é%ipia%?%?fﬁﬂ|ggugoflz\'f/e%%é[O%ZZ] Uspefu(’?IS

solvents @)3netdda Hesie apdupof imitetZoyherpiatioky-rymcp bk Yropendo159glyebindonomethyl
ethyl acetaig 04MmahUyElARIANE, AR EYCIShE¥ANNGAMONEAPEIH STRO ARG £OMpOsition

typically comprises from 10% to 99.9 wt% solvent based on the total weight of the ARC composition,
alternativERjie@td o504t 984 [M02BFThe AR TORTPESHIInImayP cofhpride Bete &+6ERaa initiator or other

additB/eS-T%HiE%ﬁ&ﬁniT B8 radicRl ingialars inplude peigides ant pHRIAIRIVaLPES sbigh gs benzoy|

peroxide, 20dicumyl| peroxide, azobisisobutyronitrile ﬁAIBN and others. Typically the free radical
initiator is 3RISERt irahearsa At Bragtd 1808 PP alePnativel 10 Y8 880 s H43YE Bh the total
weight of g ARG Camaesitien: The othgsaddisivesypapdncidie, 4wt 0nst dinited desfpbeteracid and

thermal-acid generatqrs, photo-pase and thermal-base generators. [0024] The antireflective coating
com positi@‘ﬁgqﬁr@'} rr?{rgai%%?%%gﬁﬁ %ﬁ%‘t‘?}é}f HS@@S@%%&H%%?%@&?@% ajgﬁ%a Hﬁe%aﬂotﬁtionally the
free radicgliinitigtae-anRienadditive. HYR6awhedeasadicahinitiatoranother additive is added to the
coating composition just prior to its use to prevent premature curing. [0025] This invention also

pertaihs tEHa0TeR odivdepdndeatyantiydflastiviccn atihgdoer ar @lartranic degitéocbeaprising 30(A)

applying tﬁcﬂ)@s.e'ﬁcﬁ:ﬁgiﬁe%§¥iﬁ iﬁ{%ﬁ@q{?ﬂg@%'y@@icﬂf@ﬂﬁiﬁgﬁo Pn—butyl, and tert-butyl.
2009/111122PCT/US2009/032907 (i) silsesquioxané resin‘comprised of the units

(Ph(CH2)H083 I ho feyie e pHSTD LR ARRY (MBSO O O W e dormula

RZO'SOQ—P}I-(CHZ)I-— where R2 is, an aliphatic or an aromatic hydrocarbon group having 1
to 10 carbon atoms and r is as defined above. R2 may be exemplified by, but not limited to,

15 (CH3)2CHj-, CH3- CH3CHj- CH3CH2CH»-, (CH3)C-, (CH3)»CHyCH;- and others.
Because of contaminants in the materials used to produce the silane having a sulfonate ester

group and the side reaction during resin preparation, R may also be equivalent aryl sulfonic

acid group (i.e. HO-SO»-Ph-(CHy)-). Aryl sulfonate ester groups may be exemplified by,
but not limited to, (CH1);CHO-SO9-Ph-(CH»)p-, CH3CH,0-SO2-Ph-(CH>)y-,

20 CH30-S09-Ph-{CHp)-, (CH3)5CO-S09-Ph-(CH2)p-, CHACH,CHCH,0-S09-Ph-(CHy),-
and others.
[0009] R1 is selected from substituted phenyl groups, ester groups. polyether groups;

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

25  may be any organic substituent containing at least one ester functionality. Examples of ester
groups useful herein are -(CHy)o-0-C({O)Me and -(CHa)»-C(0O)-OMe. Polyether groups are
an organic substituent having hydrocarbon units linked through oxygen atom, represented,

but not limited, by the following structure: -(CH3),{O(CH2CH2),jOR’, or :
4
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5(RSIi0(3_02(OR)x)p (R1S10(3-02(0OR")x)q where Ph is a phenyl group, Me is a methyl group; R' is
hydrogen atom or a hydrocarbon group having from 1 to 4 carbon atoms; R is selected from an aryl

sulfonate ester groz% and a mixture of an aryl sulfonate ester group and the equivalent aryl sulfonic

10acid grouBVQ/ fit lfﬁ%viso that in the mixture the majority of R are aryﬁ'%}fm‘I Adte ester 1 groups;

and R is selected from substituted phenyl groups, ester groups, polyether groups; mercapto groups,
and reactive or curable organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of
0, 1 or 2; wherein in the resin in has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of
0.05to O.QSH) has a value of 0.05 to 0.5; q has a value 150fOQto 0.5;andm+ +otp+(1%.1.;and (i) a

solvent, afd 2al &l tHeldBR e PSP A Tind HE dSes o Lane Fesii*h t5rht an antireflective
ti tronic devjce. [00261 Th tireflecti i ition. i lied t
o e e R e o
ini t ireflectj ' t I ' To= 7 ically th
sl T S e e e S
arsenide-ggis_qglq%\éi_%%i@%epg%q(ggr@% é?aﬁl?T{E%i}B'iﬁﬁgéﬁ@gE‘}ﬁéﬁ%‘iﬁ??ﬁﬁ“Ctor component. Typically,

the device comprisés at least oiie semiconductive layer 25aid a plurality of other layers comprising

variogs copdupliN SRIIBRPAUSIVSCR,INSUaIING Sralrils. (9028} SpasilicmatRads for application of

the ARC compasition to the electronic device include, but are not limited to, spin-coating, dip-coating,
spray-coatimgy flosecdatinyssebesn-giiatingeand othens o Bheupsefemsdaapethogb for application is spin
coating. Tymcalle 92000 A0 ORI IRZZRCTILISRAMDIRZSOR Iuplyes amfnig e slecronic
device, at a%o%lt Ze&%)’RPM,eanaé}ﬁcgn the AR&: compositﬁ%n%o theusur%‘ace%f tt% spinning electronic

device. [0B®g]rtiledhivBpt netrbmicub akdnriesiarssuglosanaybad Rirk ety sraptiechnti-reflective
coating op.the GlRQLOR) gl\ggg.agdjg?%%@g@;ygqgggpgﬁ@%eﬁgg&tﬁ@pg@ting to 5a sufficient
0

temperature for a sufficient duration to lead to curing. Curing occurs when sufficient crosslinking has
takel pla8e e o R IPRY SRERRG uRGRAMEY RELRY <2 BS 88KESIly insoluble in the solvent from which it was

applied. Goging mayipkel plranioheyampim bybeatinguhe ceatedt elvciienitdrvics ai 8t to 450 C
for 0.1 to 60 minutes, alternatively 150.C to 275 C for of 0,5 to 5 miputes, alternatively 200C to 250C
for 05 to PATELC AR AR S ROkt iy B UL PG I BEh R i by examnple. the
coated elestroni©Hevidermayrha flacdsk iqacgaastz tishe furssatie;fdonveptiantgderisisaltowed to stand

on hot plajes, Altsrnatish. theaniiisflsctive, seaingican he.uredndsiliavigiptiradiation in the
presence of photoactive additives, such as photo-acid generator f GC) or photobase generators.
15 groups, exceed 40 mole% then gellation and instability of the resin may occur. Typically the

silsesquioxane resin contains 6 to 38 mole% of units containing —~OR’ groups, alternatively

less than 5 mole%, alternatively less than 1 mole%.

[0011] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of

500 to 200,000 alternatively in the range of 500 to 100,000, alternatively in the range of 700
20 to 30,0000 as determined by gel permeation chromatography employing R detection and

polystyrene standards.

[0012] The method for preparing a siloxane resin comprises reacting water, HSiX3, MeSiXs,
RSiX3, and optionally Ph{CH2)SiX3 and/or RiSng, in an organic solvent, where X is a

hydrolyzable group independently selected from Cl, Br, CH3CO2-, an alkoxy group ~OR’, or
25  other hydrolyzable groups. The silanes useful herein can be exemplified by, but not limited

to, HSi(OE#)3, HSICls, PACH,CH,SiCl3 , and PhSiCl3, MeSi(OMe)3, MeSiCls,

‘ ] 1.
R%0-SO4-Ph-(CHy),-SiCl3, R 0-S09-Ph-(CHy)r-Si(OMe)s, R SiCls and R Si(OMes)s
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15[0030] To protect the silsesquioxane resin of the coated composition from reactions with oxygen or
carbon during curing, the curing step can be performed under an inert atmosphere. Inert atmospheres
useful herein include, but are not limited to nitrogen and argon. By "inert" if.| that the
environmen?vc%m%glﬁjlgg% than 50 ppm and preferably less than 10 ppm 3? @g@ﬁgﬁ%ﬁressure at
which the curing and removal steps are carried out is not critical. 20The curing step is typically carried
out at atmospheric pressure although sub or super atmospheric pressures may work also. [0031] Once
cured, the electronic device comprising the anti-reflective coating can be used in further substrate
processir&%}stepsz, such as photolithg rag()h . When u%egj in hcs)églitho‘%ra h&/, a re}sist image is formed
over the ?—rreeﬁeéfi%dfgaﬁﬂﬂpel*ﬁe]}?faor BESTBF R MGIAY #18 PR s B %{'gse e lial]%f)rming a
film of a rpﬁilgpg&g}{gp%%ﬁry%pf the anti-reflective coating: (b) imagewise exposing the resist film
to radiation to groduce an exposed film; and (c) developing the exposed film to produce an image. The

anti-refledB0E3 JA LTS tHE BIBEIE o RVRB SSHE SO AP S ewTRP PSS Bk FBEions that are

imagewisgexpesad topuiadalrttagiaaninavingacvavele ngiloabLd foamute 365 nm, alternatively
ultraviolet 30radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced

in the® resiStSm AneRt patts arpis! efcileehipl thgragnenbiaeutoR il VReiswh etefiidimatterials 10

WO 2009/111122PCT/US2009/032907 may be used to remove the anti-reflective coating. Additional
steps or rétERAY P Fe TS RFATANE: felmiaing -HnllreedaBid santginbsPHR a8 HPRIRITS produce a
device haying, s desiied A1GAliSEINEIQA3214T0P ARE coaling composilignscane cured at lower
temperatures an tehey produce coatlng% that can be remove y stripping sdlutions. It has been
found thatdheaastigliedive mpatings-Sinducedinaeainkaseeetied sohdenidevgiREMEBA) and TMAH
resistance. Additionally, these resins when used in ARC coatings provide outstanding optical,
mechanical¥pte R RnitF Properies e being applicable using spin-on application techniques.
10 BXAMbES Tre sfibadeliuing-examnpigsareinescadiodenansiammambadimearts of the

invention. It should be appreciated by thase of skill in the art that the techniques disclosed in the
examplessWHItH RORIWF ripPESERT taEIRIGT- ARSI SROP BY A HEFHOBRLST TP b Well in 15the
practice ofdheiinvention aacbthus san hecatsidereo-tacdonstiiyteepreieingdodades tfer its practice.
However, those of skill in.the art should, in light of the present disclosur reciate that many
changes é%%%nr%xf Sii?ls}t?i:[s'alﬁescol S oI b%&lgr%atgﬁtlsls\?v%w%ﬁ%%n ?Q&I%?sé%?gr%) st?l'lgc(})%?gfﬁegttlike or similar
result withestdeptxtitngpiremsthieSpititanahd copecottherityehtimatindpédderfagehire in wt. %. In the

folloping gxamples, 20,1 = 510G, H2AQR Y, TME 7 M SIAROHRR sl PISIO(E_02(0R)x,
R.RI'T RS-100.02(0R" )x and T = R SI0(3_02(OR")x Example 1:
[6015] Useful organic solvents may be exemplified by, but not limited to, saturated aliphatics

such as n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane
and cyclohexane; aromatics such as benzene, toluene, xylene, mesitylene; ethers such as
tetrahydrofuran, dioxane, ethylene glycol diethyl ether, ethylene glycol dimethyl ether;

20 ketones such as methylisobutyl ketone (MIBK) and cyclohexanone; halogen substituted
alkanes such as trichloroethane; halogenated aromatics such as bromobenzene and
chlorobenzene; esters such as propylene glycol monomethyl ether acetate (PGMEA), isobutyl
isobutyrate and propvl propionate. Useful silicone solvents may be exemplified by, but not
limited to cyclic siloxanes such as octamethylcyclotetrasiloxane, and

25  decamethylcyclopentasiloxane. A single solvent may be used or a mixture of solvents may
be used.

[0016] The reaction to produce the silsesquioxane resin can be carried out at any temperature
so long as it does not cause significant gellation or cause curing of the silsesquioxane resin.
Typically the reaction is carried out at a temperature in the range of 5 °C to 150 °C, with 15°C

30 to 40°C suggested.
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HMeRPh T0.20 T0.65 T0.05 T 0.10, 25 R = -(CH2)2Ph-S02-0CH(CH3)2 with or without R=
-(CH2)2Ph-S02-0H [0033] A mixture of 486.9 g of propylene glycol methyl ether acetate (PGMEA),
50.72 g of 2-(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50% §0.075 mol), 31.73 g of
phenyltrichlo o%ﬁg?%”(bl_i%o mol), 145.74 g of methyltrichlorosilane (0.97 o ,2 1554064 g of
trichlorosilane (0.300 mol) was transferred to a reactor under nitrogen. A solution 11 WO
20091111122PCT/US20091032907 of 1123.29 g of PGMEA, 59.4 g of isopropanol (1.0 mol), and 59.4
g of deionized water (3.30 mol) was added to the solution of the trichlorosilanes over a one-hour
period at w Xt heir i .The i ;‘l. to-bo 30 C for
Bnother b AR 0 SRR PRl g ot
deionizedairervasradie dhanieradriseret whslsarredctonts0aad Trreampuriretwetstist. standing for

about 5 mip1e-PNasE; SARARRIR Lieh RANO AGHSOUS PHARENAS (&MY 85,10 Hie {RMaining upper
phase was added 100 g of PGMEA and SOOFﬁ of deionized water and the mixture was stirred for 10 s.

The mixtufs WAL 18t aplaiRg T e TENS e PrasE sepalafe M bR ercaqidotialBtiase was

remoyed. (hiisnwash REAGe S asd eRaated MRInAS tinas Hatikthe-gk 1Avalue:ef theuagueous phase
is above 3. The cloudy resin golution (1450 a R%S then concentrated to approximately 20 wt. % by

) _ W
rotary evalsitaidr 3156 AREFEAR I HMnERLTWHE added to the cloudy solution. The above solution
was transfédts] o bobingeungibidtonied lagkiod/hbe being stisréd oabordIR286hgvedl hexanes was

added to S0 léton. The.mixture was, let stafL;rr;ga)‘or mm. @&q&iﬁgomﬁn cou%glﬁ%{l was drain to a

y g1 talyst i i
1L pear-s gpg ek Was dilifed to 800" 8 a dll%g T:’?fl\?f e <6l uﬁ%rﬁl Was ¢oncentrated to 11

wt. %. Thetsphitipnrwas: dilatbth ool cowhigsinnathding! P GMEAzIEstanaplecatiMieiRpIc0BO T 0.60 T

0.10,80 R, a5 ) I SRGRGHIT B2 WD W OME R Gk ied 2bw02: QL [Q034] A mixture of
738.6 g oiﬁ%rg&ﬁ)ylene glycol methyl ether acetate (PGMEA), 101.4 g of 2-(4-chiorosulfonylphenyl)

ethyltrichl b Hetls peses s iis0be) S asoiaran: Eswsestlin atagier FisrM&te (0.900 mol),

60.95 g oftishlarasiane{h4rd mah wasittansiered teZpagrrtohyndennitioge A solution of 891.4
g of PGMEA 59.4# of isopropanoh 1.0 mol), and 59.4 g of deionized water (3.30 mol) was added to

the solutioPSF YR BRI SSR SRSl r B oSS IR RIS TR RS ANE BSBIANR AE wass being stirred.

The reactiohlvrasilalowacipdnodylatith GHanaRateshounwhikgtisred khbesalutioawag diluted by
addi(?g 40.% gu%f PGMEA.?];{@? %&)0 gnfof deionized water was added and the mixture was stirred for
' et's

3010's. The m.ﬁuﬁ%%g@ 5tndzliﬁg or about 5 min to phase separate. The bottom aqueous phase

was remoEiéﬁDTﬁcﬂhew'mrgléjnhagctimpetr_ pbds&ﬁ@ﬁsﬁded@@ﬁgwﬁ@%@cmﬁoﬁﬁ@ngicsfejﬁ WQ
200911114 22RCTIHSA00RI03R0/ lelANiEsd WAIE” A ING NS g SHfRddar 10'S. The mixture

was let standing for about 15 min to phase separate. The bottom aqueous phase was removed. This

wash processajgation. 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

20 inthe art {e.g. distillation under heat and/or vacuum). Once the concentration of the
silsesquioxane resin reaches to a certain concentration, the resin can be diluted with the same
or another solvent for a particular use. Alternatively, if a different solvent, other than the
solvent used in the reaction, is desired for the final product, a solvent exchange may be done
by adding a secondary solvent and removing the first solvent through distillation, for

25  example. Additionally, the resin concentration in solvent can be adjusted by removing some
of the solvent or adding additional amounts of solvent.
[0021] This invention also pertains to an antireflective coating (ARC) composition
comprising

(1) silsesquioxane resin comprised of the units

30 (Ph{CH2)rS10(3x)2(OR)x)m

(HS103.x)2(0R )x)n
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repeated two more times until the pH value of the aqueous phase is above 3. The cloudy resin solution
(1623 g) was then concentrated to 479 g of solution (about 20 wt. %) by rotary evaporator at 40 C after
164 g of ethanol was added to the cloudy solution. The above solution was transferredto a5 L
round-bottorea HSEk Nithile being stirred, 2051 g of hexanes was added o &S HEN "The mixture
was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted
to 702 g by adding PGMEA. The solid resin weight based on the nonvolatile content was 51.7 %. The
solution was 10 concentrated to 12 wt. %. The solution was diluted to 517 g (10 wt%) by adding
PGMEA. The yield was 46%. Example 3. ,F1,, MeR 1 0.20 10.73 1 0.070 15 R=
-(CH2)2Ph-SOZ-OCH(dMﬁ%tﬂ’éﬁﬁtﬁémt R= -(CH2)2Ph-S02-0H [0035] A mixture of 719.6 g of

propylene glycol methﬁﬁt er acetate (S>GMEA), 71.0 g of 2- (4-chlorosulfonylphenyl)
ethyltrichlorosilane toluémé ééﬂﬁ%ﬁ{@@ %) (0.105 mol), 163.7 g of methyltrichlorosilane (1.095 mol),

40.64 g of trichlorosilareglg(g(j%oo n‘g@ﬁy s transferred to a 20reactor under nitrogen. A solution of 824.3
g of PGMEA, 59.3 g (1.0 moly 8fisop 6‘?3‘bnol, and 59.6 g (3.3 mol) of deionized water was added to

the solution of thentieFRIosilRaRs oMalpaMbes Ak RaArieduat RS ichwhile.dhamixbire was being stirred.
The reactjon was allowed to body at 15 C for another hour while stirred. The solution was diluted by
aclding 400 EERERPTREETOT bi sSSPt WS 1 SRR stired for 10
S. The 25gbdpie waswatdowedhta-dtarithforeaiautgtSumimdonp kgse depargiesulioaibatidraragueous

phase was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized WatEIE WAL 5adRY HribetRdxHikitie Has St f5F 104 SRR RRHANIFE Sa%PRE8thRding for about

15 min to s,gmpyved, Jhi : Q was repeated
! B@é’i%‘étéc?R@E@E%b;rtﬂﬁlt&%%ﬂkﬁ&%‘ﬁj}&{%RQFQI%IYEE‘, gggé/g‘éé?ih@ss W@%@gﬁ& g&Sﬁﬁ W

two more times until the pH value of the aqueous phase’is 30cloudy résin solution (1683

g) was théRdsaeaTited tblapipessriaeiyzd siert47slg) ey 1 seEITH U 3 & SHEET{RULE 26)
WO @P09{11 1R €T, SARUABARAL Satar i RVARAIRISr RIADSS aftanlo9.0.0hethang) was added to

the cloudy solution. The above solution was transferred to a 5 L round-bottomed flask. While being
stirred, adbt:Z28R5 § Giexahes WA 3B @ HEsHiGibhiothe miirte Wikt fdhdingor 5 min.

The bottom viscoys pauig-nasgiain to a 1 L pear-shaped flask was diluted to 600 g. The solution was
5 concentrated to 12 wt. %. The solution was diluted to 472 g (10 %) by adding PGMEA. The yield was
41.4%. Example % 401830 T T 0.625 T 0.075

10022] Useful solvents (ii) include, but are not limited to, 1-methoxy-2-propanol, propylene
15 glycol monomethyl ethyl acetate gamma-butyrolactone, and cyclohexanone, among others.
The ARC composition typically comprises from 10% to 99.9 wt% solvent based on the total
weight of the ARC composition, alternatively 80 to 95 wt %.
[0023] The ARC composition may comprise a free radical initiator or other additives.
Suitable free radical initiators include peroxides and photoinitiators such as benzoyl peroxide,
20 dicumyl peroxide, azobisisobutyronitrile (AIBN) and others. Typically the free radical
initiator is present in an amount of up to 1000 ppm, alternatively 10 to 500 ppm, based on the
total weight of the ARC composition. The other additives may include, but not limited to,
photo-acid and thermal-acid generators, photo-base and thermal-base generators.
[0024] The antireflective coating compositions are formed by mixing together the
25 silsesquioxane resin, solvent, and optionally the free radical initiator or other additive.
Typically the free radical initiator or other additive is added to the coating composition just
prior to ifs use to prevent premature curing.
f6025] This invention alsc pertains to a method of forming an antireflective coating on an
electronic device comprising

30 {A) applying to an electronic device an ARC composition comprising

8

SUBSTITUTE SHEET (RULE 26)



10 R.= -(CH2)2Ph-S02-0CH2CH3 with or without R= -(CH2)2Ph-S02-0H [0036] A mixture of 717.4 g
of propylene glycol methyl ether acetate (PGMEA). 76.2 g of 2- (4-chlorosulfonylphenyl)
ethyltrichlorgsilane toluene solution (50%) (0.113 mol), 140.3 g of methyltrichlorosilane §0.938 mol),
61.0 g of tricW%FggWéHéu(bABO mol) was transferred to a 15reactor undelyﬁiﬁjgéé???ﬂ?’g% (tion of 826.7
g of PGMEA, 46.3 g (1.0 mol) of ethanol, and 59.4 g (3.30 mol) of deionized water was added to the
solution of the trichlorosilanes over a one-hour period at 15 C while the mixture was being stirred. The
reaction was allowed to body at 15 C for another hour while stirred. The solution was diluted by adding

400 g of PGMEA. T@eggégs%}g Og{fagg}gggggnygﬁt%?\g]a&gg%?g and the mixture was stirred for 10 s. The
20 mixture was let standing'for about 5 min to phase separate. The bottom aqueous phase was
removed. To the remaiPing HpRSIRhAsE@RS added 100 g of PGMEA and 500 g of deionized water
and the mixture was stirred for 10 s. The mixture was let standing for about 15 mm to phase separate.
The bottom aqueous pi#&©wag€Roned. This wash process was repeated two more times until the
pH value of the aqueous phase is above 3. The cloudy resin solution 25(1623 g) was then
concentrated to approXivraitéhz 20 W% byrotary evaporator at 40C after 164 g of ethanol was added to
the cloudy solution. The above solution (479 g) was transferred to a 5 L round-bottomed flask. While
beingstirred, 2051 g oftheklinesils adgled to the solution. The mixture was let standing for 5 mm The
bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was

concentrated to 12 wt. &% 539 Fha&iikion was diluted to 517 g (10 %) by adding PGMEA. The yield
was 46 %. 14 SUT 3; | X 7,28 1110 /032907 Example 5:
T MeR 10,20 10 0 GHB (S Lo DA Tt o ockheck T2 (h2)2Ph-S02-01
[0037] A drigiarerb8Sogpdiafipgdpyiehéodlyedtanethyiseihey wirtatt(PGWER), sPf@gof 2- S
(4-chlorosyifonyiphenyl), athylirichigrosiaag Aglkene: SOMIgN (0K é%ﬁ:@éﬁ@%} 16389 of

g 0

methﬁltrichl_orosilane.(1.095 mol), 40.7 g of trichlorosilane {0.300 mol) was transferred to a reactor
undéP nitrdge ST MR BB Sr B5108"gtar PE MRS HLTH 6 efrABthEon4p859.5 g (3.3 mol) of
deionized y [%{%sl@l 1q t lution of the trichlorosil oV - jod at 15 C while
e i B o N R whie
stirred. Theesalpbaravpgs silites: byeaddinghdO0r gaafcR GivAaThen 500 drofadaiogizeds water was
added and the mixture was stirred for 10 s. The mixture was allowed to stand for.about 15 mm to
hace sepalat OB R oL Pl BT SOb P e RS G Lok BB was added
100 g of REMEAGNHT B0, of temmnibetoiAlET wasPadeleesandlifeeofiihibite Wasydtived/ fbrel0s. The
mixt%e W@fol% 6@*”29&@%11«1511@%@0% 15 Enjg A9 phase separate. The bottom aqueous phase was
removed. This wash process was Pepgated two more times until the pH value of the aqueous phase is
above 3. The cloudynesispbaittierd(1822 g) was then concentrated to approximately 20 wt% (492 g)

by rotary evapo@ffe%&ﬂf‘?ng Alest8s galamanalwas andsd o 106 GO, SaluligRalhe above

solution was transferred to'a 5 L round-bottomed flask. While being stirred, about 1920 g of 20hexanes
was addetPisiREEBEIaHHRTITRE AsKaSre was let standing for 5 min. The bottom viscous liquid was drain

to a 1 L pasyzghaned fiaskivasdiuted to.A008iohhe Satition waasonsentiated (o kadite . The

solution was diluted to 375 g (10 %) by adding PGMEA. The yield was 32.8 %. 25 30 15
20 coated substrate. The solvent is femoved and the silsesguioxane resin is cured to produce the

antirefiective coating on the electronic device.

{0027] Typically the electronic device is a semiconductor device, such as silicon-based

devices and gallium arsenide-based devices intended for use in the manufacture of a

semiconductor component. Typically, the device comprises at least one semiconductive layer
25  and a plurality of other layers comprising various conductive, semiconductive, or insniating

materials.

[0028] Specific methods for application of the ARC composition to the electronic device

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

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

9
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SUBSTITUTE SHEET (RULE 26) WO 2009/111122PCT/US2009/032907 Example 6: ",, HMeR
0.200.73 1 0.070 R-= -(CH2)2Ph-S02-0C(CH3)3 with or without R= -(CH2)2Ph-S02-0H 5[0038] A
mixture of 719.5 g of roit)ylene glycol methyl ether acetate (PGMEA), 71.0 g of 2- o
(4-ch|orosu|%ﬂﬁ@ﬁéﬁ 3 ethyltrichlorosilane toluene solution (50%) (O.logcrﬁglizTg@?;ggﬁlof
methyltrichlorosilane (1.095 mol), 40.6 g of trichlorosilane (0.300 mol) was transferred to a reactor
under nitrogen. A solution of 809.8 g of PGMEA, 74.1 g (1.0 moll of tert-butyl alcohol, and 59.5 g (3.3
moll of deionized water was added to the solution of the 10trichlorosilanes over a one-hour period at

15 C while the mixtur i ir h [ I ; C for another hour
while stir%gégié%%{g)ﬁﬁ?\gr?? \ﬁ/%%%%ﬁ%&ef qu%dgséggﬁég%%%gﬁ%\gi%%e O@éf)@ %kgf deionized water was
added arebthositigtute g steceef 1be Y0 Thelaeaiiceddidseallowed to stand for about 15 min to

phase seRaip TR RANPR BALEASBNASS ARG BMAVEeLi{ & etLmaiRine L RREr Phase was added
100 g of 15 PGIVIEA and 500 g of deionized water was added and the mixture was stirred for 10s. The

mixture WEEIEH ARG P8ranBISEINin P phGyE e B L TIBERC AR iFC PR Yvas
remoyed.akhisivash-precesssvass epgaiad dvamoke tines vatihtheCpinnaddenef $he@queous phase is

above 3. The cloudy resin. solution (1961 g) was then concentrated to approximately 20 wt% (535 Q)
oy rotary SUEHBAALST ST A5 CE AROPRGLTIREH SR e MM ot S SULRon. The above
solution was tiiahkstetiie ddeanSilorowhtibniemgg Hask. Citile beinglstisiac, fabexti2@I0®yg of hexanes

was added to the solution.. The mixture was, let standi r 5.trim. ;The.bottom viscous liquid was drain
e 1 1 e B DR b o
solution w&8 Hilueedy fo°650rp{ LG %6)Sbyiadding PBMEAY THe et 2Wad 48:200% 198 B01Es WO

20094111 ka0 Rl AdIARORRSARY A EXRIBIG e it cuMBRRE. "IHR0%RPRO ML 2024

electronic device may be placed in a quartz tube furnace, convection oven or allowed to stand
on hot plates. Alternatively, the anti-reflective coating can be cured under ultraviolet
irradiation in the presence of photoactive additives, such as photo-acid generator (PAG) or
photobase generators.

15 [6030] To protect the silsesquioxane resin of the coated composition from reactions with
oxygen or carbon during curing, the curing step can be performed under an inert atmosphere.
Inert atmospheres useful herein include, but are not limited to nitrogen and argon. By “inert”
it is meant that the environment contain less than 50 ppm and preferably less than 10 ppm of
oxygen. The pressure at which the curing and removal steps are carried out is not critical.

20  The curing step is typically carried out at atmospheric pressure although sub or super
atmospheric pressures may work also.
[0031] Once cured, the electronic device comprising the anti-reflective coating can be used in
further substrate processing steps, such as photolithography. When used in photolithography,
a resist image is formed over the anti-reflective coating. The process for forming the resist

25  image comprises (a) forming a film of a resist composition on top of the anti-reflective
coating; (b) imagewise exposing the resist film to radiation to produce an exposed film; and
{¢) developing the exposed film to produce an ilﬁage. The anti-reflective coatings on the
electronic device are particularly useful with resist compositions that are imagewise exposed
to ultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively ultraviolet

30  radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced in the

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

10
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R=-(CH2)2Ph-S02-0CH(CH3)2 with or without R=-(CH2)2Ph-S02-0H , 1. R is
-(CH2)310(CH2CH(CH3))120CH3 S [0039] A mixture of 795.7 g of propylene glycol methyl ether -
acetate (PGMEA), 76.1 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%)
(0.113 mol), %8 B &3ty propyleneoxidetrichlorosilane (C13Si-(CH2)3[REMSBMEERN120CH3),
117.7 g of methyltrichlorosilane (0.788 mol), 60.95 g of trichlorosilane (0.450 mol) was transferred to a
10reactor under nitrogen. A solution of 1144.1 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and 59.5
g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a one-hour

period at 15 C while the mixture was bejng.stirred. The reaction was allowed to tg%j at 30 C for
Bother M T B e R R by AR OO o SRt P00 g of
deionizedfivaterdwesade drane fleetivixereny as giretiforyt8 10 mothe mikiire ivas ethstanding for
about 5 myn.ta phage.sgparate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10 s.

The mixtURO3FAd Tt Ak{nanatTe caBaotiisnatdpHEeS ddparatenpre bR depeiudyshase was

remoyed. chhis Wash BIReesS ARSI eRaalssiiwemaradines: yptil theunk value: aftherraieous phase is
above 3. The, cToudy 20resin solution (1690 g) was then concentrated to 450 g by rotary evaporator at

40C after PBBG I BHEFOPGTEE Aavebrts ARl BlLgsbidtEr i BAE SilstdSvas transferred to a 5
L round-batigimedifiaskediRiambamneg siisen, AR0W.AA0E: §of RRxAnasH¢as apsed to the solution. The
mixture Wasﬂlﬁet stapdig%tf r3,mm. The bottom \%SIC us li uici_w%? draintoa ll gear-shaped flask was
diluted to 80 'ﬁ?mr%eanso titiolT was coRtantrated t6a %ng’q(]fﬁ.g?‘/v %38%??&198& |Hftaetb° to 467 g (15
%) by addignR@GMEA. The yield was 50 %. 30 17 WO 2009/111122PCT/US2009/032907 5 Example
8: I—llﬁeR T0.20 T 0.60 T 0.03 TR1 0.17 R= -(CH2)2Ph-S02-0CH(CH3)2 R1 is -CH2CH2CH2CH2SH h
or without R=-(012)2Ph-S02-0H , [00401 A mixture of 721.4 g of propylene glycol methyl ether
acetate (FEMMRLESD.4 g of 2- (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%)

(0.045 mol), 50. g.of e aRipRrrRMEi Methysilape hHA0IRL Sl EHL GRHAGERRE. (0.255

mol), 134.5 g of methyltrichlorosilane (0.900 mot), 40.7 g of trichlorosilane (0.300 mol) was transferred
to 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

15 the practice of the invention, and thus can be considered to constitute preferred modes for its
_ practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed

and still obtain a like or similar result without departing from the spirit and scope of the

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

H . M . i .
20 T =HSiOg.n(0R ), T = MeSiO3_y2(OR)y, TP] = PhSiO¢3.5)2(OR )y,

R ) Ri .
T = RSiO;3.x2(0R )x and T =R'Si03 n(OR )y

Exampie 1:
H Me R Ph
T 0207 o065T 005T 0.10

25 R =-(CHy)2Ph-SO3-OCH(CHy)y with or without R= ~(CHp)oPh-SO9-OH

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

30 40.64 g of trichlorosilane (0.300 mol) was transferred to a reactor under nifrogen. A solution
11
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10a reactor under nitrogen. A solution of 907.1 g of PGMEA, 59.5 g (1.0 mol) of isopropanol, and 59.1
g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes over a one-hour

period at 15 C Whilge/ the mixture was being stirred. The reaction was allowed tozbod! Séalt 15C for
another houPWHITE 4084, The solution was diluted by adding 400 g of PEMEAMHRER 500 g of _
deionized water was added and the mixture was stirred for 1510 s. The mixture was let standing for

about 5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred for 10s.

The mixtyge,was gL APENg: KO1s80ULARIIDIR ANASFARARIS0 The hofiam Aduequs phase was

removed. This wash process was repeated two more times until the pH value of the aqueous phase is

above 3. Thildrsuby 2ok eheomtnod Brwidisienleapterir a8 W3 eYinY votinrevaporator at
40C after 150 gref8thanal wazaddedde he caubnsplvinonwife.abayesalution asdhansferred to a 5

L round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The mixture

was let sEAHNEHE BT TirheoBuitsny visibtrdiyrdinest AP Pt G E D dBerRRAB & P Fask was diluted
to 608 g. dhierspltitian-Mass canee atbtre 1ox4Qd gLl imddoer Tine yild miat 25x34 %ot Iehdhs WO
2009/111122PCT/US2009/032907 Example 9: mMeR1 1 0.20 10.60 10.&3&_}0.17 R=.

Cro) PR SRR E R PO Lo GRS SR e S e S LB 501 mixture of
694.7 g ofiprepyiestexgly eddan atilyt ethebsidatated (FIB Il EAJei80iZed wit2r {ddchiomostllerdphenyl)
ethyltrichlgrosilane.tolugne solution (50%).(0.045.mol), 41.3 g.of vinyltrichlorosil i-CHH2)
(0,955 o T D 2 L A 88 L ) e
transferredits@s ehetomgndaneminbdans AaDsolatsos Fa8Hcyd bf PGNEANS918tY . 0thol) of

isopgpangly ang @0 £ 663310k ahdrianizad waler was asldrohier e sPIMIORAS the trichlorosilanes

over a one-hour period at 15 C while the mixture was being stirred. The reaction was allowed to body

at 15 C fofoRRBtHaAduRRIFIE BaIEOrTie CoRyusHwaE it sy adtintcadt 2 BBMEA. Then 500
g of deionjzgdamates WasRidedanehthamixtdie wasistired fandiGrfedibe Mixtdiaavas let standing 15

for about 5 min to phase separate. The bottom eous phase was removed. Tq the remaining upper
o wall TSR 60 gV BNE A AFRASDE 2f Ut DRI ST s Ui for 10,8
The mixturgxwas Jek $tamndiriintofaalboninl S mbvrtephasescharatea derlrotian hgueotisphiase was

remoyed. This wash prqoce as repeat e times until the pH value of.the agueous phase is
o 3, T e TR T e S SR R S5 evaporator a
40 C afterThsBautibethandlweabtadted 6 theaddodysdlilition. The above solution was transferred to a
5 L round-bottomed flask. While being stiffed, 2300 g of hexanes was added to the solution. The
mixture was let standing for 5 min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was

diluted to Bo@RlTHe solution was concentrated to 278 g (10 wt%). The yield was 26 %.
H Me R
T o30T 06T o010

20 R=-(CHj3)2Ph-S0O5;-OCH(CH3), with or without R= -(CH»)>Ph-S0,-OH

[0034] A mixture of 738.6 g of propylene glycol methyl ether acetate (PGMEA), 101.4 g of
2-(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.150 mol), 134.5 ¢
of methyltrichlorosilane (0.900 mol), 60.95 g of trichlorosilane (0.450 mol) was transferred to
25 areactor under nitrogen. A solution of 891.4 g of PGMEA, 59.4 g of isopropanol{1.0 mel),
and 59.4 g of deionized water (3.30 mol) was added to the solution of the trichlorosilanes
over a one-hour period at 15 °C while the mixture was being stirred. The reaction was
allowed to body at 15 °C for another hour while stirred. The solution was diluted by adding
400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for
30 10 s. The mixture was let standing for about 5 min to phase separate. The bottom aqueous
phase was removed. To the remaining upper phase was added 200 g of PGMEA and 500 g of

12
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25 30 19 WO 2009/111122PCT/US2009/032907 Example 10: "H Me R ", PhR1 1 0.201" a65i"

a0s0.05 R= -(CH2)2Ph-S02-0CH(CH3)2 with or without R= -(CH2)2Ph-S02-O0H1 . "R s

-tCn2)31.0(CH2CHf(CH?2)]20CH3 5 [0042] A mixture of 756 g of propylep&gg%é%%gr)a ether acetate
- olu

R
(PGMEA), 5. 29003 P chlorosulfonylphenyl) ethyltrichlorosilane toluene solution %) (0.075 moal),

24.3 g of polypropyleneoxidetrichlorosilane (C13Si-(CH2)3[0(CH2CH(CH3))120CHS3) (0.075 mol),
145.7 g of methyltrichlorosilane (0.975 mol), 40.6 g of trichlorosilane (0.300 mol) was 10transferred to
a reactor under nitrogen. A solution of 986 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and 59.4 g

(3.30 mol of deinnized yatek wasadded (ethe relviomelthedichloroniiangRiayenagpg hour period

at 15 C while the mixture was being stirred. The reaction was allowed to body at 15 C for another hour
while stirrEdhE SBRIACPPHAS RROGUSEMUIRRY LD S MBS HEN G0N PeIgsiorsed water was

added ang thamixterenagmastiieehfosH Qsu S henmidiesyasdet standing famabeut min to phase
separate. _Tbe bottom a]gyeous phase was removed, To the remaining uq%)er ?hﬁsgﬁwas added 100 g
of PGMEESRJBPE GPrpmzs PRUIERAEGE Miktdre WaS WurrbETor )oY irird Pk was let

standing ferpbatdr Lo 4nic tephasessehanatel The Hdtom aguesidsy phasenasaemeoved. This wash
process Wa epaied Wp ot (mps Ul e BHLYSS ol adcous phase feagove 3. The

20cloudy resin solution was then concentrate 1? otary évaporator at 40 C after 170
g of ethariskwes wddstlitd thércloladyosollitiomixFine abole sehdimonfwasriandtertetidoia 5 L

round-botfernad fiasl wUp Asing siied: GABAARLNGKRNARNAD ad5ed {0, fimpPufigRa The mixture

was let standing for 5 min. T ottom viscous liquid was drain to a 1 L péar-shaped flask was diluted
to 600 g. The sediitrsinwatzkobreefraidd 6502 ToVRYL Vo5 TRSyiERs Wastieo 95530 20 WO
2009(1 11 18R 6 TS0 Q32 90 Exmmarhd diluted to 517 g (10 wt%) by adding PGMEA.,

The yield was 40%.

Example 3:

H Me R
T o20T 0713T 0070

15 R=-(CHy)yPh-SO,-OCH(CH3)y with or without R= -(CHa)»Ph-SO,-OH

[0035] A mixture of 719.6 g of propylene glycol methyl ether acetate (PGMEA), 71.0 g of 2-
{4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.7 g of
methyltrichlorosilane (1.095 mol), 40.64 g of trichlorosilane (0.300 mol) was transferred to a
20 reactor under nitrogen. A solution of 824.3 g of PGMEA, 59.3 g (1.0 mol) of isopropanol,
and 59.6 g (3.3 mol} of deionized water was added to the solution of the trichlorosilanes over
a one-hour period at 15 °C while the mixture was being stirred. The reaction was allowed to
body at 15 °C for another hour while stirred. The solution was diluted by adding 400 g of
PGMEA., Then 300 g of deionized water was added and the mixture was stirred for 10 s. The
25  mixture was allowed to stand for about 15 min to phase separate. The bottom aqueous phase
was removed. To the remaining upper phase was added 100 g of PGMEA and 500G g of
deionized water was added and the mixture was stirred for 10s. The mixture was let standing
for about 15 min to phase separate. The bottom aqueous phase was removed. This wash
process was repeated two more times unti the pH value of the aqueous phase is above 3. The

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

13
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HMeRR1 T0.20T0.59TaoaT O. 1 0Q0.05 R.= -(CH2)2Ph-S02-0CH(CH3)2 with or without R.=
-(CH2)2Ph-S02-0H 5 R1 is -(CH2)3[0(CH2CH(CH3))]20CH3 [0043] A mixture of 802.5 g of propylene
glycql methy| (éther Cﬁtzazte (PGMEA), 60.8 g of 2- (4-c;hlorpsuIfonylphen;@%ﬂ&%&g}%%g;lIane toluene
solution (50% (6“5} mol), 48.5 g of polypropyleneoxidetrichlorosilane
(C13Si-(CH2)3[0(CH2CH(CH3))170CH3) (0.150 mol), 1015.6 g of tetraethyl orthosilicate (0.075
mol),132.3 g of methyltrichlorosilane (0.885 mol), 40.6 g of trichlorosilane (0.300 mot) was transferred
to a reactor under nitrogen. A solution of 1097.4 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and

59.49 (339 %Qhafjlb[ﬁ%?'gi%d’@’%%F Y@Sga&%%%%ﬁbh&s%&é@{b ARG IHCNBIas!IARGR Y&Ya one-hour

period at 15 C while the mixture was being stirred. The reaction was allowed to bo%/{ft %%C for
A %00 g of

another hlFtsvitaRtaiffat e teasolutRiidvatigmae d ) Y ailgP20e srerpakmi?

deionizedywatess was added andstiedaixtne waaativeddotdm oTiae mixturenwasdghstanding for
about 5 mm to phase separate. The bottom aquequs phase was re?néﬁved. To the remaining upper
a

phase wad%5atetitsb g oieeited hRFsoHR ot Bato e sl PR fe ARt RaLstirred for 10s.
The mixtuwshyeasdeldstantling foraleeuhithmwastei phase geparate Jhhe; hotiomnEBMERUSRE phase was
removed. thi V\égaq prpcess was repeated two more times until the pH value of the aqueous phase is
above 3. ¥fie d8 y resin solution (1798 g) was then concentrated to 460 g by rotary evaporator at 40
C after 181 g of ethanol was added to the cloudy solution. The above solution was transferredtoa 5 L
round-bo@%jﬁigg@sk. While being stirred, 2300 g of hexanes was added to the solution. The mixture
was let standing for 5 mm. The bottom 25viscous liquid was drain to a 1 L pear-shaped flask was
diluted to’B%@_g} "F%ee@@lyt'[grbwﬁ.—,s concentrated to 572 g (10 wt%). The yield was 42 %. 30 21 WO
2009/111122PCT/US2009/032907 Example 12: Film Coating and Characterization 5[0044] Film
coatlig oRwdfelrs wiis Procesibd bn aikar! SibstuCR62(Ehin)eBatenThHE resin PGMEA solution was
first filtered through a 0.2 micron Telfon filter and then spin coated onto standard single side four inch
polished low resistively wafers or double sided polished FTIR wafers (spin speed 2000-4000 rpm).
Films wen@@aged aiirdenypanature @20 ten250/Coford, setepicahiotplate L Ehe/imdhitkness,
refractive index, and.k value were measured.10using a J. A. Wo llipsometer, The thickness
Vales reC T R T d L A e R P S e e s
determinedethyitmehburisi Guth U8 timcknek s ghdngehbedeierard. aftemPIEMEArnsarélhe svet removal

rate yyas ?z?a%?é?&gd&ikﬁt}%nc.‘}glgi_ﬁ{&%‘ﬁ’@é‘f gJBFIQﬁi?ﬁ’AiPe{BSﬂE(% and, Gedn Signtagt angle

measurements were conducted using water and methylene iodide ‘as liquid and the ‘critical surface

tension oP28hveEiiAl Wels daleivainad akadven afed it dpproadihReshi arbartiramsanized in Table

1.22 _WQQQQ%}%%B% FB2RURILA0 ] @Rlendidfs L0210 BRYi Sh@rRGIRsIzatien Results (All
the Stills represen -éCHZ)ZPh-SOZ-OCH(CllS)Z and 17. -(C-12)2Pi-S02-011,
body at 15 °C for another hour while stirred. The solution was diluted by adding 400 g of

PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10 s. The

20 mixture was let standing for about 5 min to phase separate. The bottom aqueous phase was
removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of deionized
water and the mixture was stirred for 10 s. The mixture was let standing for about 15 min to
phase separate. The bottom aqueous phase was removed. This wash process was repeated two
more times until the pH value of the aqueous phase is above 3. The cloudy resin solution

25 (1623 g) was then concentrated to approximately 20 wt% by rotary evaporator at 40 °C after
164 g of ethanol was added to the cloudy solution. The above so}.ution-(479 g) was
transferred to a 5 L. round-bottomed flask. While being stirred, 2051 g of hexanes was added
to the solution. The mixture was let standing for 5 min. The bottom viscous Hquid was drain
to a 1 L pear-shaped flask was diluted to 600 g. The solution was concentrated to 12 wt. %.

30  The solution was diluted to 517 g (10 %) by adding PGMEA. The yield was 46 %.

14
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HMeSul"MelHMeSul. . except that T 030T 0.6250.075'0200.7)0.07' ,ST T 0.731 0.07" .111 wtciSidfs
represent Rr -(G12)211-S02-0C1- 2C113 and Rz -(CH2)2P -S02-0H, -(012)2PIi-S02-0CH3 and R=

-(C112)2Ph;S02.0H, and -(0-12)2Ph-S02 OC(CH3)3 and R-t -(CF,)2Ph-%{é%g%rg’%gggively) Resin

Nominal Compggﬂ%%lrlr%\%v vs, PS viwimn vs. PS Thin Flit Cure Temp, (C) ess Change in

PGMEA (A) Thickness Change in T VIAH (A) k Water Contact Angle () Surface Tension (1\ Im) I1
T0.20 TMe0.631Sul0.07

Example 3:

H Me R
T 0207 o073 T o070

R= -(CH»),Ph-SO»-OCH3 with or without R= -(CH,)2Ph-SO»-OH

[06037] A mixture of 851.8 g of propylene glycol methyl ether acetate (PGMEA), 71.0 g of 2-
5  (4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.8 gof

methyltrichlorosilane (1.095 mol), 40.7 g of trichlorosilane (0.300 mol} was transferred to a
reactor under nitrogen. A solution of 851.8 g of PGMEA, 32.0 g (1.0 mol) of methanol, and
59.5 g (3.3 mol) of deionized water was added to the solution of the trichlorosilanes over a
one-hour period at 15 °C while the mixture was being stirred. The reaction was allowed to

16 body at 15 °C for another hour while stirred. The solution was diluted by adding 400 g of
PGMEA. Then 500 g of deionized water was added and the mixture was stirred for 10 s. The
mixture was allowed to stand for about 15 min to phase separate. The bottom aqueous phase
was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized water was added and the mixture was stirred for 10s. The mixture was let standing

15 forabout 15 min to phase separate. The bottom aqueous phase was removed. This wash
process was repeated two more times until the pH value of the aqueous phase is above 3. The
cloudy resin solution (1822 g} was then concentrated to approximately 20 wt% (492 g) by
rotary evaporator at 40 °C after 183 g of ethanol was added to the cloudy solution. The above
solution was transferred to a 5 L. round-bottomed flask. While being stirred, about 1920 g of

20  hexanes was added to the solution. The mixture was let standing for 5§ min. The bottom
viscous Hquid was drain to a 1 L pear-shaped flask was diluted to 600 g. The solution was
concentrated to 12 wt. %. The solution was diluted to 375 g (10 %) by adding PGMEA. The
yield was 32.8 %.

23

30
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14500 4,23 250 76 7 1.585 0,139 91,8 25A 1-1MeSul T 0.30105310.07 1600) 4.39 250 96 8 1 586
0.139 91.7 25.7 THO30 1Me0.60 TSulo 0 10000 3.26 240 146 42 1,601 0.202 '

WO 2009/111122 © PCT/US2009/032907

Example 6:

H Me R
T 020T 073T 0070

R= -(CH2)oPh-SO-OC(CHs)3 with or without R= ~(CHp)2Ph-S02-OH

5 [0038] A mixture of 719.5 g of propylene glycol methyl ether acetate (PGMEA), 71.06 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.105 mol), 163.7 g of
methyltrichlorosilane (1.095 mol)}, 40.6 g of trichlorosilane (0.300 mol} was transferred to a
reactor under nitrogen. A solution of 809.8 g of PGMEA, 74.1 g (1.0 mol) of tert-butyl
alcohol, and 59.5 g (3.3 mol) of deionized water was added to the solution of the

10 wrichlorosilanes over a one-hour period at 15 °C while the mixture was being stured. The
reaction was allowed to body at 15 °C for another hour while stirred. The solution was diluted
by adding 400 g of PGMEA. Then 500 g of deionized water was added and the mixture was
stirred for 10 s. The mixture was allowed to stand for about 15 min to phase separate. The
bottom aqueous phase was removed. To the remaining upper phase was added 100 g of

15  PGMEA and 500 g of deionized water was added and the mixture was stirred for 10s. The
mixture was let standing for about 15 min to phase separate. The bottom agueous phase was
removed. This wash process was repeated two more times until the pH value of the aqueous
phase is above 3. The cloudy resin solution (1961 g) was then concentrated to approximately
20 wt% (535 g) by rotary evaporator at 40 °C after 196 g of ethanol was added to the cloudy

20 solution, The above solution was transferred to a 5 L. round-bottomed flask. While being
stirred, about 2200 g of hexanes was added to the solution. The mixture was let standing for 5
min. The bottomn viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g.
The solution was concentrated to 12 wt. %. The solution was diluted to 550 g (10 %) by
adding PGMEA. The yield was 48.2 %.

25

30
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89.7 27.2 HMeSul T 0.301a62510.075 1580 3.56 240 233 39 1,590 0.159 91.7 26.9 ,HT.Me,Sul 10,20
10,65T0.05 27900 4.97 240 186 1.570 0.108 90,8 26,2 TilT\ lleTSul'a i0.30 i0.625 A0.075' 14100 °

WO 2009/111122 ’ PCT/US2009/032967

Example 7:
H Me R Ri
T o030T o0s25T 0075T 010
' R=-(CHy)»Ph-805-0CH(CH3)» with or without R= -(CHy)»Ph-SO5-OH ,

R’ is -(CH2)3[O(CH,CH(CH3))1yOCH

[0039] A mixture of 795.7 g of propylene glycol methyl ether acetate (PGMEA), 76.1 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) {0.113 mol}, 48.6 g of

polypropyleneoxidetrichlorosilane (Cl3Si-(CH)3[O(CHCH(CH3),OCH3), 117.7 g of

methyltrichiorosilane (0.788 mol), 60.95 g of trichlorosilane (0.450 mol) was transferred to a
10 reactor under nitrogen. A solution of 1144.1 g of PGMEA, 59.4 g (1.0 mol) of isopropanol,
and 59.5 g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes
over a one-hour period at 15 °C while the mixture was being stirred. The reaction was
allowed to body at 30 °C for another hour while stirred. The solution was diluted by adding
400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for
I5 10 s. The mixture was let standing for about 5 min to phase separate. The bottom aqueous
phase was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized water and the mixture was stirred for 10 s. The mixture was let standing for about
15 min to phase separate. The bottom aqueous phase was removed. This wash process was
repeated two more times until the pH value of the aqueous phase is above 3. The cloudy
20 resin solution (1690 g) was then concentrated to 450 g by rotary evaporator at 40 °C after 169
¢ of ethanol was added to the cloudy solution. The above solution was transferred toa S L
round-bottomed flask. While being stirred, about 2000 g of hexanes was added to the
solution. The mixture was let standing for 5 min. The bottom viscous liquid was drain to a 1
L pear-shaped flask was diluted to 600 g. The solution was concentrated to 410 g (17.5 wt%)
25  and then diluted to 467 g (15 %) by adding PGMEA. The vield was 50 %.
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Example 8:
H Me R R1
T 02T o061 ozT o017

R= -(CH2)2Ph-SO,-OCH(CH3)» with or without R= -(CH3)oPh-SO,-0H ,

R} is -CHYCH,CH,CH,SH

[06040] A mixture of 721.4 ¢ of propylene giycol methyl ether acetate (PGMEA), 30.4 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solutior: (50%) (0.045 mol), 50.1 g of

3-mercaptopropyltrimethoxysilane ({CH30)3Si- CHyCHyCH2CH2SH (0.255 mol), 134.5 ¢

of methyltrichlorosilane {0.900 mol), 40.7 g of trichlorosilane (0.300 mol} was transferred to
10 areactor under nitrogen. A solution of 907.1 g of PGMEA, 59.5 g (1.0 mol) of isopropanol,
and 59.1 g (3.30 mol) of deionized water was added to the solution of the trichlorosilanes
" over a one-hour period at 15 °C while the mixture was being stirred. The reaction was
allowed to body at 15 °C for another hour while stirred. The solution was diluted by adding
400 g of PGMEA. Then 500 g of deionized water was added and the mixture was stirred for
15 10 s. The mixture was let standing for about 5 min to phase separate. The bottom aqueous
phase was removed. To the remaining upper phase was added 100 g of PGMEA and 500 g of
deionized water and the mixture was stirred for 10s. The mixture was let standing for about
15 min to phase separate, The bottom aqueous phase was removed. This wash process was
repeated two more times until the pH value of the agueous phase is above 3. The cloudy
20  resin solution (1500 g) was then concentrated to 436 g by rotary evaporator at 40 °C after 150
g of ethanol was added to the cloudy solution. The above solution was transferred toa 5 L
round-bottomed flask. While being stirred, 2300 g of hexanes was added to the solution. The
mixture was let standing for 5 min, The bottom viscous liquid was drain to a 1 L. pear-shaped
flask was diluted to 600 g. The solution was concentrated to 407 g (10 wt%). The vield was
25 34 %.
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Exampie 9:
H Me R R1
T 0207 060T 003T 017

R= -{CH2)7Ph-SO2-OCH{CH3), with or without R= -(CH2)9Ph-S0O>-OH ,

R! is ~CH=CH,

[0041] A mixture of 694.7 g of propylene giycol methyl ether acetate (PGMEA), 30.4 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.043 mol), 41.3 g of

vinyltrichlorosilane (Cl3Si-CH==CH>) (0.255 mol), 134.5 g of methyltrichlorosilane (0.900

mot), 40.7 g of trichlorosilane (0.300 mol) was transferred to a reactor under nitrogen. A

10 solution of 738.6 g of PGMEA, 59.3 g (1.0 mol) of isopropanol, and 60.0 g (3.30 mol) of
deionized water was added to the solution of the trichlorosilanes over a one-hour period at 15
°C while the mixture was being stirred. The reaction was allowed to body at 15 °C for another
hour while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of
deionized water was added and the mixture was stirred for 10 s. The mixture was let standing

15  for about 5 min to phase separate. The bottom aqueous phase was removed. To the remaining
upper phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was
stirred for 10 s, The mixture was let standing for about 15 min to phase separate. The bottom
aqueous phase was removed. This wash process was repeated two more times until the pH
value of the aqueous phase is above 3. The cloudy resin solution (1551 g) was then

20 concentrated to 460 g by rotary evaporator at 40 °C after 156 g of ethano] was added to the
cloudy solution. The above solution was transferred to a 5 L. round-bottomed flask. While
being stirred, 2300 g of hexanes was added to the solution. The mixture was let standing for 5
min. The bottom viscous liquid was drain to a 1 L pear-shaped flask was diluted to 600 g.
The solution was concentrated to 278 g (10 wt%). The yield was 26 %.
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Example 10:
1 Me R Ph R1
T 0207 065T 00sT 0057 005

R= -(CH?7)7Ph-SO2-OCH{CH3), with or without R=-{CHj)7Ph-S0O»-OH

R is -(CHa)3[O(CHLCH(CH3))],0CH3

[0042] A mixture of 756 g of propylene glycol methyl ether acetate (PGMEA), 50.8 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.075 mol}, 24.3 g of

polypropyleneoxidetrichlorosilane (Cl3Si-(CHo)z3[O(CH2CH(CH3))]20OCH3) (0.075 mol),

145.7 g of methyltrichlorosilane (0.975 mol), 40.6 g of trichloresilane (0.300 mol) was
10 transferred to a reactor under nitrogen. A solution of 986 g of PGMEA, 59.4 g (1.0 mol) of
isopropanol, and 59.4 g (3.30 mol) of deionized water was added to the solution of the
trichlorosilanes over a one-hour period at 15 °C while the mixture was being stirred. The
reaction was allowed to body at 15 °C for another hour while stirred. The solution was diluted
by adding 400 g of PGMEA. Then 500 g of dejonized water was added and the mixture was
15 stirred for 10 s. The mixture was let standing for about 5 min to phase separate. The bottom
‘aqueous phase was removed. To the remaining upper phase was added 100 g of PGMEA and
500 g of deionized water and the mixture was stirred for 10 s, The mixture was et standing
for about 15 min to phase separate, The bottom aqueous phase was removed. This wash
process was repeated two more times until the pH value of the aqueous phase is above 3. The
20 cloudy resin solution (1705 g) was then concentrated to 460 g by rotary evaporator at 40 °C
after 170 g of ethanol was added to the cloudy solution. The above solution was transferred to
a 5 L round-bottomed flask. While being stirred, 2300 g of hexanes was added {o the
solution, The mixture was let standing for 5 min. The bottom viscous liquid was drain to a |
L pear-shaped flask was diluted to 600 g. The solution was concentrated to 502 g (10 wt%).
25  The yield was 40 %.
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Example 11:
H Me R _RI
T 0207 0567 0067 0109005
R= -(CH3}Ph-SO5-OCH(CH3), with or without R= -(CHy)oPh-SO,-OH

5 R is -(CHy)3[O(CH,CH(CH3))]20CH;

[0043] A mixture of 802.5 g of propylene glycol methyl ether acetate (PGMEA), 60.8 g of 2-
(4-chlorosulfonylphenyl) ethyltrichlorosilane toluene solution (50%) (0.090 mol), 48.5 g of

polypropyleneoxidetrichlorosilane (Cl3Si-(CH2)3{O(CH>CH(CH3))]20CH3) (0.150 mol),
10 15.6 g of tetraethyl orthosilicate (0.075 mol),132.3 g of methyltrichlorosilane (0.8835 mol),

40.6 g of trichlorosilane (G.300 mol) was transferred to a reactor under nitrogen. A selution of
1097.4 g of PGMEA, 59.4 g (1.0 mol) of isopropanol, and 59.4 g (3.30 mol) of deionized
water was added to the solution of the trichlorosilanes over a one-hour period at 15 °C while
the mixture was being stirred. The reaction was allowed to body at 30 °C for another hour

15  while stirred. The solution was diluted by adding 400 g of PGMEA. Then 500 g of deionized
water was added and the mixture was stirred for 10 s. The mixture was let standing for about
5 min to phase separate. The bottom aqueous phase was removed. To the remaining upper
phase was added 100 g of PGMEA and 500 g of deionized water and the mixture was stirred
for 10s. The mixture was let standing for about 15 min to phase separate. The bottom aqueous

20  phase was removed. This wash process was repeated two more times until the pH value of the
aqueous phase is above 3. The cloudy resin solution (1798 g} was then concentrated to 460 g
by rotary evaporator at 40 °C after 181 g of ethanol was added to the cloudy solution. The
above solution was transferred to a 5 L round-bottomed flask. While being stirred, 2300 g of
hexanes was added to the solution. The mixfure was let standing for 5 min. The bottom

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

concentrated to 572 g (10 wt%). The yield was 42 %.
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Example 12: Film Coating and Characterization

[0044] Film coating on wafers was processed on a Karl Suss CT62 spin coater. The resin
PGMEA solution was first filtered through a 0.2 micron Telfon filter and then spin coated
onto standard single side four inch polished low resistively wafers or double sided polished
FTIR wafers (spin speed 2600-4000 rpm). Films were cured at a temperature of 200 to 250
°C for 60 sec. on a hotplate. The film thickness, refractive index, and k value were measured
using a J. A. Woollam ellipsometer. The thickness values recorded were the average of nine
measurements. PGMEA resistance after cure was determined by measuring the film thickness
change before and after PGMEA rinse. The wet removal rate was assessed with two
commercial wet stripping solutions NE§9 and CC1. Contact angle measurements were
conducted using water and methylene iodide as liquid and the critical surface tension of

wetting was calculated based on the Zisman approach. Results are summarized in Table 1.
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WO 2009/111122PCT/US2009/032907 Table 1: Continued, p. 3. Resin Nominal Composition M", vs.
PS moi n VS. PS Thin Film Cure Temp. 1C) Thic mess Ciange in PGMEA (A) Thic ness Change in

TMAH (A) :‘b 6/\53‘68/ {lg%lt act Angl e (0) Suiface Tension ("Im) T 030T egcﬁlom-gzlﬂla% /932907'

Table 1 Film Coaring and Characterization Resalts (ALl the Suls represent -{CHyjoPh-S0y-OCH(CHyy and R= {CHy}oPh-0,-OH,
except that TH(B@ TME(]_@ TSﬁlg_gﬁ & TH@QQ Tme().yg Tbulwgb, and THQQ(] TMeg_qg TSUiO.Qy*C, in which s represent
R=-{CHy sPh-S0p-0CHsCHs and R= -{CHy)yPh-S09-OH, {CHy)Ph-S05-0CHs 22 R= -{CHy Ph-805-08, and -{CHy yPh-SC-

OC(CHs}y and R=-{CHy)oPh-30y-OH, espectively)

Resin Nominal Composition My | M, Thin | Thickness | Thickness | n | k| Water | Swface

wpS | v ps | Himo | Caangeln | Changein Contact | Tension
Cwe | PGMEA | TMAH Angle | (Nim)
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Table 1: Continued, p.2.
Resin Nominal Composition |y y. g, | Thin | Thickness | Thickness - 0 k| Water | Surfuce
wo| Myl ‘ ‘ .
whS | v ps | [mo | Changenn | Changeln Contact | Tension
Cure | PGMEA | TMAH | Angle | {Nim)
Tp. | ) (&) y
G
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Table t: Confinced, p. 3.
Resin Norsinal Composition | 1 |y a7 | ThinFm | Thickness | Thickness | 0 | k| Wate | Surfaee
My | Myl , , o
Wl Coe | Changen | Chinge In t | Tension
B Temp. | PGMEA | TMAR Cont | (Nim)
S | @b | xt
Angl
()

0 M Nl :
PPy |38 s | 0 [ 0 [ 167 |un 8] 38

o
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e TR AR

H N
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1891, 318 25 WO 2009/lilt. 22PCT/US2009/032907 Table 1: Continued, p.4. Resin Nominal
Composition vs, PS M n vs. PS Thin Film Cure Temp. (3C) Thickness Change in PGMEA (A)

Thickness C iange in TMAH (A) a ¢ Water Contact Angle
WO 2009/111122 PCT/US2009/032907

Table 1 Contimved, p. 4

Resin Nominal Composition My | MM Thin | Thickness | Thickness . © | k | Water | Suface

. Film | Change in | Changen Contact | Tension
8 Cue | PGMEA | TMAH Ange | (Nm)
Wt | | y

G

R . ,, m
e ) E R R I TR AT T A
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TP Ty | 060230 | M0 3 | on L6 e | &0 ) 09
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CLAIMS:

1. A silsesquioxane resin comprised of the units
(Ph(CH):Si0(3%)2(OR )x)m
(HSi03-x)/2(OR n
(MeSiO3.xy2(0R)xdo
(RS103.5)2(OR")p
(R'Si0(3.52(ORx)g

where Ph is a phenyl group, Me is 2 methy! group; R” is hydrogen atom or 2
hydrocarbon group having from 1 to 4 carbon atoms; R is an aryl sulfonate ester group or a

. mixture of an aryl sulfonate ester group and an equivalent ary! sulfonic acid group with the
proviso that in the mixture the majority of R are aryl sulfonate ester groups; and Rl 18 sciected

from substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive
or curable organic functional groups; and r has a value 0f 0,1, 2,3, or4; x has avalue of 0, 1
or 2; wherein in the resin m has a value of 0 10 0.95; n has a value 0f 0.05t0 0.95; o has a
value of 0.05 to 0.95: p has a value of 0.025 to 0.5; q has a value of 0 to 0.5; andm+n+o+p
+q=1. |

2. The resin as claimed in claim 1 wherein m has évalue of 0 to 0.25, n has a value of (.15 to

: 0;40, o has a value of €.25 to 0.80, p has a value df 0.025 to 0.2 and g has a value of 0 to 0.2.

3 The resin as claimed in claim 1 wherein m has a value of >0 to 0.10, n has a value of 0.15
t0 0.3, 0 has a value of 0.40 t0 0.75, p has a value of 0.03 t0 0.15 and q has a vaiue of >0 to
0.15.

4. The resin as claimed in claim 1 wherein the sulfonate ester group has the formula

_ RZO-SOz—Ph—(CHz)r- where R2 is an aliphatic group or an aromatic group and r has a value of
0,1,2,3,0r4.
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T 010-T0.59 T117 0 0,06 0.10 Q0.05 162 24 305951 79.0 31.8 26 CLAIMS: 1. A silsesquioxane
resin comprised of the units (Ph(CH2)rSi0(3-x)/2(0W)x)m (HSi0(3-x)/2(OR")On (MeSi0(3-x)/2(OR")Oo0
(RSIi0(3-x)/2(01V)Op (R1Si0(3-xy2(OR")Oct 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 an aryl sulfonate ester
group or a mixture of an aryl sulfonate ester group and an equivalent aryl sulfonic acid group with the
proviso that in the mixture the majority of R are aryl sulfonate ester groups; and R1 is selected from
substituted phenyl groups, ester groups, polyether groups; mercapto groups, and reactive or curable
organic functional groups; and r has a value of 0, 1, 2, 3, or 4; x has a value of 0, 1 or 2; wherein in the
resin m has a value of 0 to 0.95; n has a value of 0.05 to 0.95; o has a value of 0.05 to 0.95; p has a
value of 0.025 B PhalSiR e e B0 fothacininiwiornin g £rovp pRs thsdirad!glaimed in claim 1
wherein in has a vatue, pfp@. w0025 \(as s salue of 0.15 to 0.40, o has a value of 0.25 to 0.80, p has a
value of 0.025 to 0.2 and g has a value of 0 to 0.2. 3. The resin as claimed in claim 1 wherein m has a
value of >0 to 0.10, n has a value of 0.15 to 0.3, o has a value of 0.40 to 0.75, p has a value of 0.03 to
0.15 and q has a vdlie PG th-@IF A Hhe resin as claimed in claim 1 wherein the sulfonate ester
group has the formula R20-502-Ph-(CH2)r- where R2 is an aliphatic group or an aromatic group and r

has a value of O, 1, 2, 3, or 4. 1
6. The resin as claimed in claam 1 wherein R is a polyether group.

. . . . . 1.
7. Theresin as claimed n claim 1 wherein R is a mercapto group.

8. An antirefiective coating composition comprising
(i) the silsesquioxane resin as claimed in claim 1, and
~ {ii) a solvent, and optionally _
(ui) a free radical initiator, photo-acid generator, thermal-acid generator, photo-base

generator, thermal-base generator and mixtures thereof.

9. The antirefiective coating' composition as claimed in claim 8 wherein the solvent is
selected from 1-methoxy-2-propanol, propylene glycol monomethyl ethyl acetate, gamma-

butyrolactone, and cyclohexanone and mixtures thereof.

10. A method for forming an antireflective coating on an electronic device comprising

(A) applying to an electronic device an antireflective coating composition as claimed
in any one of claims 8-9;-and

(B) removing the solvent and curing the silsesquioxane resin to form an antireflective

coating on the electronic device.

11. The method as claimed in claim 10 wherein the antireflective coating composition is

applied by spin-coating, dip-coating, spray-coating, flow-coating, or screen printing.

12. The method as claimed in claim 10 wherein removing the solvent and curing comprises

heating the coated substrate to 80°C to 450°C for 0.1 to 60 minutes.
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5. The resin as claimed in claim 4 wherein the sulfonate ester group has the formula
-(CH2)2Ph-S02-0CH(CH3)2 or -(CH2)2Ph-S02-0CH2CH3. 6. The resin as claimed in claim 1 wherein
R is a polyether group. 7. The resin as claimed in claim 1 wherein R is a mercapto group. 8. An
antireflective coating composition comprising (i) the silsesquioxane resin as claimed in claim 1, and
(i) a solvent, and optionally (iii) a free radical initiator, photo-acid generator, thermal-acid
generator, photo-base generator, thermal-base generator and mixtures thereof. 9. The antireflective
coating composition as claimed in claim 8 wherein the solvent is selected from 1-methoxy-2-propanol,
propylene glycol monomethyl ethyl acetate, gammabutyrolactone, and cyclohexanone and mixtures
thereof. 10. A method for forming an antireflective coating on an electronic device comprising (A)
applying to an electronic device an antjreflective coating composition as claimed in an oge of claims
8-9: and (B rehi6AsE el SRR ARG TR GI0dag S B B R AeS fOr AT 41 %ﬁﬁ}}gﬁ%cﬁ% coating
on the electronic device. 11. The method as claimed in claim 10 wherein the antireflective coating
composition is_applied by spin-coating, dip-coating, spray-coating, flow-coating, or screen printing. 12.
The methold'ad RERAEGIFLR ?ﬁli%l{)v%fé‘fegl °r %ﬁg’i\g/%lsgqtﬁééo v‘&en gﬁa%olﬁlﬁ!}%séggmprises heating the
coated substrats for8@z sordnQE et dotepbtininotasp d3hE hetindthotaswigned in claim 10
wherein the cyring takes place in an,inert aimpsphere. 14. The method as claj in any one of
claims 10-13 Zﬂglfﬂ?ﬁ?gﬁsgo%?%%%ae 6?%%8% ﬁ?ﬁ%ag]fogleé)l trgéﬁﬁggiﬁﬁog%g}ggnéf the antireflective
coating; (D) infBpésvidepiptisiegptredddisttfiiprddiradiaiimaga prdduce an exposed film; (E) developing

the exposed figg to prodice an inage; and (Eh elghing figJmage into the antireflective coating.
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