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BACK ) | NVENTI ON [ 0002] Wth the continuing demand for smaller
feat ure sweoegovmi4she sem conductor industry. 193 mm opt iPcaluskéosioszgraphy has
energed very recently as the technology to produce devices with sub- 100 nm
features. The use of such shorter wavel ength of |light requires the bottom
antircflective coating (BARC) to reduce the reflection on the substrate and
danpen t he photoresi st sw n%ﬁ(;ure b>f absorbin Ilght t hat has been passed

t hr ough the photoresi st. PEPRMIGXAVe REBFeS ant i refl ective coatings
(ARC) consist of both organic and inorganic materials. Typically, the

i norgani ¢ ARC, which exhibit good etch resistant, is CVD based and is

subj ect to the entiCROBMAIYMERIINOE dICGROVATEAYAPPLIE@XTIEN® t opography. The
organi ¢, ARC materials are applied by spin-on process and have excel | ent
fill arg%ﬁﬁp‘ﬂa t°p/ al i on properties, but suffer from poor etch selectivity to
organic photoresist. As a result, a materia! that offers the combined
advant ages inorganic and organic ARC materials is highly desired. BRIEF
SUMVARY OF THE | NVENTI ONBROBGR OTNIB OFeRINgENIEOtMai ns to sil sesqui oxane

resins in antirefl ective coat S wherein he Sj | sesqui_.oxane resin
has thééﬁﬂ%ﬁ ﬁt’u‘l‘égtﬁlﬁﬁ%%“ ﬁ%}’?”‘%@b@“ﬁ‘aﬂg‘t g G 7es int )*Pefét‘@"-%?j%") IRNES O (3.
x) 1 2( @%)ﬂﬂibﬁ&@@h%d ?&r%% m@é 2d ¥R BN e . Dl tsch‘?\oBb@Qbe(ﬁE%w% is a
met hyl group, I'S sg é % a reéacti ve organi ¢ ftnctional group or

cur abI efvigarmprGGI%m festumgsdr "lfhkeumrofam’ryﬂﬁmacawbomi@tioafpl MWm@rui rfmrhoﬂiotm 4
car, a valu 1to 0 97, n

ons, . X has a,v/géeo_f’ 0, | or 2, 1n &9
nadda oRraleur s oo e e et SrTaSuR g HisTmngi Rk 2 vai e
of 0. 0bnb@rdisddwin@RErdByratlorbit et thht Wherch hased igsi fSihahBotdild: i n
antireflective coatings, the coat i ngs can be stri pped at the
Commercially availabie antireflective coatings (ARC) consist of both organic and morganic
materials. Typically, the inorganic ARC, which exhibit good eich resistant, 1s CVD based
and is subject to the entire integration disadvantage of extreme topography. 'The organic
15 ARC materials are applied by spin-on process and have excellent fill and planarization
properties, but suffer from poor etch selectivity te organic photoresist. As a result, a matertal
that offers the combined advantages of inorganic and organic ARC materials is highly
desired.
BRIEF SUMMARY OF THE INVENTION
20 [0663] This invention pertains to silsesquioxane resins useful in antireflective coatings
wherein the siisesquioxane resin has the formula
(PhSI0:3.)2(OR ) 0Im(HSI03.y2(0R 0n(MeSiO332(OR )O6(RS10 3.2 OR )y
where Ph 1s a phenyl group, Me is a methyl group, R is selected from a reactive
organic functional group or curable group, R’ is hvdride or a hydrocarbon group having from
25 o4 carbon atoms, x has a value of §, T or 2; m has a value of 0.01 10 .97, n has a value of
(.01 10 0.97, chas avalue of .01 10 86.97, phas a value of 001 10 087, snd m+n+o+p=
1. When these resins are used in antireflective coatings, the coatings can be stripped at the
removal stage. in addition, the presence of a hydride group in the silsesquioxane resin is
essential for the desired cure properties and strip-ability as a 193nm ARC material.
30 [0064] This invention also pertains to an antireflective coating (ARC) composition

comprising



removalnstage phpaddi tion, the presence of a hydride group in the

si | sesqui oxane resin is essential for the desired cure properties and

stri p- abiwpt290%91440193nm ARC nmat eri al. [0004] Thi s i nveRCITars2@iB89838pert ai ns
to an antireflective coating (ARC) conposition conprising(i) silscsquioxane
resin having the foitnula (PhSiQ(3.x)/ 2(OR) ¢c)m(HSIO 3. /2(OR)
x)n(MeSIi O (3. /2(OR) x)o(RSIU3. x)/2 (OR'" )X)p where Ph is a phenyl
group Me is a nethyl group, Ris selected froma reactive organic
functional ¢ oupcariosaraissa hgrggphe Rylahydri de or a hydrocarbon group
having 1 tq.4 carhon atons,. X has a value of 0, | or 2: mhas a value of
003 Lo oAt dovalloie s 8 H d e M0 otk S Tt et or @R 0 0 07,

p has a value of 0.01 to 0.97, and m+ n + o+ p | : and (ii) a solvent.
i'e- i mvent g oS gt e WES nateish ey Bebsoty e Rimts P Rect i ve

coat i NG o Anal RGI £:00h 6 SQYHIE &rGRTRY {31 RG L B o ARRLYIBS BuaRagheGEONI C
devi ce an ARC conposition conprising (i) silsesquioxanc resin having the
f or frul & cERINSIa@(ss, xXp a2¢OR0Y 0] ) o HSh 032 x&2¢ ORDJH 1) hPREShO A Biluex)/R¢IOR )

RSi O(3.%) (2 (OR re Ph i | gr.oup. Me is t hyl ,
R s st Baz et o gl IvEThagin e kEARDTNar TGy BaTor " aut aBre gPbup. R

s hydride org;a,Rydeqcarbon group having 3 to 4 carbon atoms, x has a val ue
of 0, 1 or 2; mhas a value of 0.01 to 0.97, n has a value of 0.0! to 0.97,
o has a value of 0.03 to 0.97. p has a aic of 0.05to 0.95 and m+ n + o
+p 1 Ghi). a solvent, and (B) removing.the solvent. and curing the

o PsesdifBrdne it d5onsrARar ShelPlry sefile T BRrPTg sk ConBEarad: r oni o
devypce ¢lcPEIAN: UER-DESGRRTAON OF THE | NVENTI ON [ 0006] The sil sesqui oxanc

resins useful in formng the antireflective coating have the fornul a
{A) applying to an electronic device an ARC composition comprising

(i) silsesquioxane resin having the formula
(FhS1003.02(0R )0mHS10G.2(0R ) Op{MeSIO 3.y OR D0 (RS103.5)2(0R )y )y
where Ph is a phenyl group Me 1s a methyl group, R is selected from a reactive
15 organic functional group or curable group, R s hydride or a hydrocarbon group having I to
4 carbon atoms, x has a value of 0, I or 2; m has a value of 0.01 10 0.97, n has a value of 0.01
t00.97, ohasavalue of 0.01 10097, phasavalue of 0050 095 andm +n+ o0+ p= I and
{(i1) a solvent, and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective

20 coating on the electronic device.

DETAILED DESCRPTION OF THE INVENTION
[0006] The silsesquioxane resins uscful in forming the antireflective coating have the
formula
25 (PhSIO3.42(OR D) Im(HS103. ¢y OR ), n(MeSiO 3./ 2(0R106(RS103.52(0R )0
where Ph is a phenyl group Me is a methy! group, R is selected from a reactive
organic functional group or curable group, R’ 1s independently a hydride or a hydrocarbon
group having | to 4 carbon atoms, x has a value of §, H or 2; mhas a value of 0.01 10 3.97 . n
has a value of 0.01 t0 0.97, 0 has a valuc of 0.01 to 0.97, p has a value of 0.0 t0 0.97, and m
36 +n+o+p=1 Typically m has a value of 0.02 to 0.7, alternatively 0.10 to 0.50. Typically
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(PhSi O3~ 36 @R, X mMHS (3. x)/2(OR) x)n(MeSi O (3.x)/2(OR" x)o(RSi (3. x
v2(OR) ‘?p where Ph is a phenyl group Me is a nethyl group, Ris selected
from a resoowdInssgani c functi onal group or curabl e groRpT/UR2008483849

i ndependently a hydride or a hydrocarbon group having 1 to 4 carbon atons,
x has a value of 0, 1 or 2; mhas a value of 0.03 to 0.97, n has a val ue of
0.01 to 0.97, o has a value of 0.01 to 0.97. p has a value of 0.01 to 0.97,
and m+ n + o + cally mhas a value of 0.02 to 0.7, alternatively
0.10 t¢& Eﬂsaoaiums.@&éfpﬁn)%a%eiad%i\uﬁéi%fﬂ 0705 Typicghophas yarhatd 92l 0.10 to

0. 50. WJS h¥i @ h@%@% M?bu?x mi@w 8@@ wq 905 0.8 166, P@t%%%gy?/%ygj@iléo 0. 60.

Typical Ty 'p has a Yal ue’ o ternatlve
[0007] W¥S.the resin Ris a reactlve organlc functlonal group or curable

group. &H§§¥ be exe lified by, but not Ijmted to al kenyl rou?s such at
vinyl & Hne eHpd 9 agRpe 0%&3‘81&‘ TR L AR O BPYE £ gwsué?g FAY De

epoxycygl, , r cr, roups,
acr§ o¥§ﬁgg a% P%?hg?s%i?6008 gﬂﬁéllﬁ epen&gﬁ%Pa \¥ﬁ§ygu>g¥hma

hydr ocas lgMLc@mgpxppyﬁagrbngarﬂgi droxde x&amlamrnﬂa;rmﬂs Rrylnmywrdesexdngl i fi ed by H,
met hyl , et hyl, E & |, 1so p&, E and terl-butyl. [0009] The typical
nethodv?%?m§W8d (1% EWPH@‘§?W ¥§55W8 ah 0W8§rn i nvol ves the hydrol ysis and

condenq@@gg%rz‘g qQf 1&@&1@9&@;}%{&?& aﬁ'hbéﬂr@)@%{)oggr&zlﬁ'h%wﬂ%tihgq dabbdrS n&%skb' e that
resi dual - remain in the silsesqui oxane resin as a

resultﬁmﬂﬂknmanwléﬁ@bhyﬂﬁ@ﬁwémghﬁrwopﬁdansanwm%unrmnbhsibwvhl anount of

I nt | c%
tndh” g Pt R el R Pl P R Pk R sn bR PRy pF RERRG ta ™ ©
SI | sesuh@ma®n @ShdaGRRrakd§1:hes SB HhiIBER O iYPbdsHiCONt AkiduMg-OIPR  groups,

alternatively less than 50 mol e% [0010] The silsesquioxane resin has a

wei ght aadler 4@’ wil eeuiam tm&i@qqﬁqmwye |i%“té|i‘ire”r€aﬁg@f igforBpigety dugpsi 000
al ter na‘EmYens non I{ !?ie t&%{: oun ?QEQEES 19 ? ﬁ%%ﬂ@dzects%rumn{?jmsi byogel

per meat’ | on Chromat ogr a "on” an yreéne standards.
[0011] Uﬁkl@ssddcaﬁ’ﬁ&ﬂ.lmm@%lﬁmh%! nﬁmrm;a nbﬁat@fi@dﬂ@ﬁdeﬂy nﬁ@tcﬁ@@l;s Kooyt t he

ar ti:‘i F%:’isesqumxcxm resin contains less 60 mole% or units contaiming —OR’ groups, alternatively
less than 30 mole%.

[8016] The silsesquioxane resin has a weight average molecular weight (Mw) in the range of
500 1o 400,000 alternatively in the range of 500 1o 100,000 as determined by gel permeation
chromatography employing R detection and polystyrene standards.

20 [8011] The silsesquioxane resins may be produced by methods known 1n the art. For
example, the silsesquioxane resins may be produced by the hydrolysis and condensation of a
mixture of trialkoxy silanes using the methods as set forth in “Chemisiry and Technology of
Silicone” by Nolil, Academic Press, 1968, chapter 5, pl90-245. Alternatively they may be
produced by the hydrolysis and condensation of a trichlorosilanes using the methods as set

25 forth in U.S. Patent No. 6,281285 to Becker et al. and U.S. Patent No. 5,010,159 to Bank et
al.

[6612] The silsesquioxane resin is typically produced in the presence of a solvent. Any
suitable organic or silicone solvent that does not contain a functional group which may
participate in the hydrolysis and/ or condensation reaction may be used in producing the

30 silsesquioxane resin. The solvent is generally used in an amount of 40 to 98 weight percent



exanpl gy g Pihsesqui oxane resins may be produced by the hydrolysis and
condensati on of 'a m xture of trial koxy silanes using the nethods as set
forth in wahkem®i4«y and Technol ogy of Silicone"” by Nol | PCAISC@SI0838FY ess,
1968, chapter 5, pl9G 245. Alternatively they nay be produced by the

hydrol ysis and condensation of a trichlorosilanes using the nethods as set
forth in U S. Patent No. 6,28 1285 to Becker et al. and U. S. Patent No.
5,010, 159 to Bank et al. [00121 The sil sesquioxane resin is typically

pr oduc &@s5cnt (R  Ppledanee! 5l vanig B vt reagiynts giteapi o r g #h e weiehsi | i cone

sol vent, [ hat ﬁi%qu ?\9)}\ n%g/q;e gt Ju't' nelk HQ&Q?)!has%r&li&g\mgﬂ?zﬂe 93 garticipate in

t he hy&roly5|s and/ of ‘Condensation reaction may “be’ used I n produci ng the
si | sesqUi# I afvefui esdanic sbhensohmeint exesipliéne bal by nusiéditedrcamiandndipbiticd0 to
98 wei ght ercentba?ed on the total weight of io}vent nd silane reactants,
al t er nat§ia PRy ‘@@"ﬁé’i"é‘wmﬁe?% APOCIARC AL P YIFS Y B YEHPFREEE out as a
duak_phs ey AbncihAdlfsRIRS Susy Sl #Mork Xhhe USRIn! meliganl.coelurgl & my be
exenplified by, but not limted to, saturatéd allp%atlcs such as n-pent ane,
hexane tetnieptfane, diande] sodeteagigso! dytlicyatbihphathyese siich! disnetlyd kdpent ane and

cycl ohexane; aromatics such as b tol uene, xylene, nesitylene; ethers
tich” aS PBET SR BFUPLO G (VEERY FERE 561, B NEJt TS et hyl ane
gl ycol ,di.ned ivh 18LN8Iorok RIRNES 0 8GR 18T MRIAYLIS Qbbb &EE/NEd M BK) and
cycl ohexanone; hal ogen substituted al kanes such as ti chl or oet hane;

hal ogerhlosehbearowntiias swich pasprsmbiyehrenemalig! chéiocobenZéndlAestansyisuch

as ,propyl.e e{gl%%ol Y nonetn¥l gghgnrgcgla e %P', ) ,. 1S gqt I iiobutyrate
andTor OV O popISRaPa PORGPHE: 1 LB Eor VAL ey s BRORBEY r8dShy,  but
not |i mintied b 0y@yGlibearkk k@raneswsuah iagiqatansthyl eycl otetrasi | oxane, and
decanet hyl cycl opent asi | oxane. A single solvent may be used or a m xture of
sol vent&camgih Heydhywdiasiioong] Areziesaenrionay be prddueenithec sf sodesiuinaxane
resin %@Qm%? carried out at any tenperature so long as it does not cause
significant ‘gellation or cause curing of the silsesqui oxane resin.
Typi cal{Byi 4 e reaabh anpilodu@ans kitds@lid: at rait emperaiided a ihaemangearof 5 "C
to 150 0C, with 15C o _ , ) , . ,
15 .solong as it does not cause signiticant gellation or cause curing of the silsesquioxane resin.
Typically the reaction is carried out at a temperature in the range of 5 °C to 130 °C, with 15°C
to 100°C suggested.
{80157 The time to form the silsesquioxane resin is dependent upon a number of factors such
as the temperature, the type and amount of silane reactants, and the amount of catalyst, if
20 present. Typically the reaction time is {rom several minutes to several hours. One skilled in
the art will be able 10 readily determine the time necessary to complete the reaction. Catalysts
that may be used to facilitate the reaction include, but are not limited to, acids, such as nitric
acid, sulfuric acid, hydrochloric acid, and others and bases such as potassium hydroxide,

sodium hydroxide, cesium hydroxide, tetramethylammonium hydroxide and others.

a3
LAY

{8016] Following completion of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst are well know in the art and would include neutralization,
stripping or water washing or combinations thereof.  The catalyst may negatively impuct the
shelf lite of the silicone resin especially when in solution thus its removal is suggested.
{60171 In the process for making the silsesquioxane resin, after the reaction is complete,

30 volatiles may be removed from the silsesquioxane resin solution under reduced pressure.

Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid

4



to 10006padgested. [0015] The time to formthe silsesquioxane resin is
dependent upon a nunber of factors such as the tenperature, the type and
anount ofwei2b@vmi4eact ants, and the anmount of catal yst, PCT/USR@S®83849
Typically the reaction time is fromseveral mnutes to several hours. One
skilled in the art will be able to readily determne the tinme necessary to
conplete the reaction. Catalysts that nay be used to facilitate the
reactlon include, but are not limted to, acids, such as nitric acid,

sul f ur i €NSEFHECHYREDRLSPIE S F‘“@F‘h%d%‘tdﬁ”é’r@‘éa‘ﬁ’&i%‘a*sé% Kegieh ade gBteadsi um
hydrox”ggum§@ghgqh %g@ ¥ligde,n cesi um hydroxi de, tetrancthyl ammoni um

hydr oxi de and ot he FOOlgi Fol | ow ng conpl etion of the reaction the
catalyiﬂ@ﬁﬁykbewmpimomakhmaqunmﬁdthWEhbnd&n@omﬁmEanthAKﬁepﬂatﬁhwgﬁ are
wel | knom1|n t he art Q mg g$|nclude neut r Ilzatlg ri ppin r water
was hi ng“‘b‘*‘r DCOHBThAH IO ARHEF SORSAUTHENE 58541 Yot HayeH %’Qﬁl Iﬁ;%“i”ﬁga t he
shelst lgk&q0bxhfsesh |n'icf%qﬂefe&§§!e'& IS SPRE Fonl Y BB nls NS Qi Ot Rld&holites
renoval 1s suggested. 17] Tn the process for miking the silsesqui oxane
resin, safveetretriosal rzeacttqmmi siconpletsencthadsare vel kmayn betheenoeed from t he

si | ses ane resin solution und duced ressure. .Such volati

et ut S ARGy Bt SE M Re et A e RE ST e iy B b kT

aci d( chber asé Jeanxccah%b%ﬁbm@des@dsme& st thMRRNO S afo@her BBV 100 WRkiakih} es arc
known in the an and include for exanple, distillation. [0018] Fol | owi ng the
reacti onct dvlprodively. tfhhedlﬁwtsb‘gmnbﬁm traaghnscdveny mbsringfic wpetiiconisl st eps may
be Har r(!esaﬁ_(ljoﬁ%g‘ ih}e mag%ir%ldm ?t Q(sao §clsr] Igixusn lzjfgog%aa&n%e ?NS\I ghd@ﬂiﬁzticbg &fqvg)%g}i%‘re(r%%)f oM For

exanpl e, e sil'sesquioxahe re oIt

removi ngdthfoEet weMrst sthen®ihod @il mbfveaicxrqawamhaomty mrelréqa@al and
numer ous nethods are well known in the art (e.g. distillation under heat

and/ or PRG0N Ened cpheinsel slisipgi Rydamre Y rEsPRicios thegebet eorddinga solid form
the resj Qnally re-dissolved in the same or another solvent for
a partl((:iglln%g!ﬁdt?l%u fgrﬁﬁt%%ely if a different solvent, other than the
SO|Venﬂ@@ﬁ&dﬂﬁﬂnﬁhﬁmﬁ&ﬁ@iWﬁMwﬁH§aﬂ@ﬁnﬁ@ﬂihebohhg(hﬁﬁakapﬁmdueb a sol vent
exchange may. be done by addi ng a secondary sol vent and renoving the first
sollventCfWFSi#§h distillation, for exanple. Additionally, the resin

(1) silsesquioxane resin having the formula
(PhSIO3 x)2( OR WO(HS 103,200 R 0n(MeSiO3_2(0 R7)0)6(RSI0:3 42(0 Ry
where Ph is a phenyl group Me is a methyl group, R is selected from a reactive
organic functional group or curable group, R’ is hydride or a hydrocarbon group having | to
20 4 carbon atoms, x has a value of 0, 1 or 2: m has a value of 0.01 10 0.97, n has a value of 0.01
10 0.97, 0 hus o value of 0.01 10 0.97, phas a value of 0.01 16097, and m+n+ o +p = |; and
{(i1) a solvent.
[6020] Useful solvents {i1) include, but are not limited to, I-methoxy-2-propanol, propylene

glycol monomethyl ethyl acetate and cyclohexanone, among others. The ARC composition

[\
{9

typically comprises from about 10% to about 99.9 wit% solvent based on the total weight of

the ARC composition, altematively 80 1o 95 wt %.

{0021] The ARC composition may comprise a {ree radical initiator or other additives to

promote and improve the cure of the resin, 1.€. increase the crosslinking density of the resin

being cured, at elevated temperatures or under irradiation. Suitable free radical mitiators

30 include peroxides and photoinitiators such as benzoy! peroxide, dicumy! peroxide,

azobisisobutyronitrile (AIBN) and others. Typically the free radical initiator is present in an
5



concenggaqugiyq ;sol vent can be adjusted by renoving some of the solvent or
addi ng additional anmounts of solvent. [0019] This invention also pertains
to an antwocheotiswe coati ng (ARC) conposition conpri si BGT(USP008/083849

si | sesqui oxane resin having the formula (PhSiO (3.x)/ 2(ORV mHSIO)/2(OR
)L (MSIi3.1)/2 OR xyRSIOI13 X;/2(0OR )x)p where Ph is a phenyl group
Me is a nmethyl group, Ris selected froma reactive organic functional

group or curabple % oup, R is hydride or a hydrocarbon qroup havi n to 4
car bon 2G0T 4P W0 PRy a%fvfanfm@b 10 §ro09:pom. RAS IAMVBY (584 oﬁfﬂ@t@it%g% €97, n

has a v OpQ! Q.03 oV ~ )oY, alue
of O. 014?}!?!;)%Si%r‘,E*Q é&gd%d%zﬁggdgggigﬂ‘gﬁgg |ngggégﬁ®8n1% f6%3§?§1§ g
solvennﬁn@nuﬁsmhmb&d&:ﬂuhhmmeﬂﬁmmzgmmmm@ﬁ.to | - met hoxy- 2- propanol ,

propy ycol noneth et hyl acetate and cycl ohexanon anong , ot hers.
The A @c?gpi&@. ROTYBI! eéﬂr rvveéw}fa?%ﬁ’sﬁg’w@wabo RS Ot ¢ ﬁb&mm«gg do wt %
sol \ﬁentbup%%@t QQHEEP?O Eﬁ&i@l‘m&‘@'ﬁ(%Euiq{mfsn%d'ﬁa s GORPASH b, gh&ﬁuhez?slait arnatively 80

to wt 21] ARC conposition may cofprise free radi'ca
|n|t|aﬁbﬂﬂmfyduhegﬁadﬁnngpase%owpmbmﬂtbxandlmnpnoﬁ@amhbs@uﬁ&kdﬁ&@ﬁﬁ68e3|n

.e. increase the crossl|inking densi cured, at
ci ovat dHEnRH R tiEe o BB P ket s Rt haraaes avese

i ni tiator gnd mt&@@&@e’g’ﬂ%‘vﬂgﬁ1@99(}&%"(@&1’3!\1&@ QfSnSHER @%akenRzoN peroxide,
di cunyl perOX|de azobi si sobutyronit ple CAl and others. Typically the

free radtouhlsi nﬁ’hqt@*@@ﬁ sCfpﬁﬂésseaﬂmwn an@rpuinnd ofcluy ugo1gdozppatane
al%%rnatlvel on th e total

COprOSIdf iid enXx:f Of S, <m j 1 \ggﬁsnﬂ \?ﬂ gnd oxnfnﬁlc uu anale Bidii gﬁ%tmtlm srrip{m&é)h?zg’um salt

phot o- a@h&a@ﬁﬂs@ihﬂﬁ@mka R%d:rd:nﬁ@xﬂeﬁﬁbﬂﬁmQanfg@hsﬁa@aﬁﬁﬂnﬁa@djﬁaﬂﬁfe hermbase
generators [0022) The ARC conposition nmay conprise other additives. These

ot her addnEsNeRaLE Benctders. @ui@iiwe@cﬁ@@m G édi“t@%-‘i_éwsg famide B‘?i@h@@%d aci ds
and basl%%ﬁﬁ@ﬁ&ﬁ%%@m%%% %E‘n%‘?‘ oart Pl Jnr!ﬁ{ié@z m %'g. % 5?@ JGHring
process, WAi Ch are Know in t o ARy e g g
Examples of the thermal-acid generators (TAG) or photo-aead ;c,t,neiatms, {(PA() can be found
15 in Polym. Eng. Sci 1992, 32, 1962 by J. V. Crivello and J. Am. Chem. Soc. 1991, 113, 4303
by J. F. Cameron and J.M.J. Frecher, respectively, and are commercialized available at King
industries, Norwalk, NI 06852,
[8623] The antireflective coating compositions are formed by mixing together the
silsesguioxane resin, solvent, and optionally the free radical initiator and/or other additive.
20 Typically the free radical initiator or other additive is added to the coating composition just
prior to 1S use Lo prevent premature curing.
[8024] The antireflective coating composition is applied to an electronic device to produce a
coated substrate. The solvent is removed and the silsesguioxane resin is cured to produce the

antireflective coating on the electronic device.

B2
N

[6625] Typically the ¢lectronic device 1s a semiconductor device, such as silicon-based
devices and gallium arsenide-based devices intended for use in the manufacture of a
semiconductor component. Typically, the device comprises at least one semiconductive layer
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.

30 [0026] Specific methods for application of the ARC composition to the electronic device

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

6



whi ch %ﬁq?§5%$CQHocked dodecyl bcnzene sulfonic acid in fromKing Industries
t Norwal K,” CT ‘and | RGACURE 379 which is a blocked tertiary al kyi am ne
from G bawepeeyvmli449 chem cal s. Phot o-aci d generators ar @CKAS08i08388Ne art
and include sul fonyl di azonet hane acid generators, oniumsalt generators and
oxi me sul fonate acid generators, phosphoniumsalt generators, sulfonium
salt generators, iodoniumsalt generators, imnosulfonate generators,

oxi mesul fonate generators, disulfone generators, and o-nitrobenzyl

sul f on&EBUYEHErHbYP s Thrpeisrer raether ErBRiE0EPR ISPl KREWR ITHPENY . §P2Hend

i ncl ud o3 i chd:salt, ) t.herpal - aci d

generaﬁgﬁgggg%égm“?h%ﬁ%%§ngﬁ”K%é#€§§?0Fs EE@%%Q%%%QEEQ$§G% in Polgm Eng.

Sci  199@np&2yonlébGRe byfate o¥itCrspualieiandnd.deAive. Chem Soc. /99/, /1i. 4303

by J. eron and JMJ Frechut, respectively and are commercialized

avai | agﬁ%ﬁﬁkﬁ%mﬁﬁﬂmw%§f}§ NISSHEASRUIONFIC0BEB 2 (0R8] fOrREI it r ef | ect i ve

coat | ng.rOAPOSILLORS v GediRhIEEV DY FixhDg. ! Rl AL,

resin, solveﬁffiéﬁg épt?%ﬁaﬁ?§;€ e f?ééggggﬁga'&?#ffggﬁggh E%7%%ﬁ§?%gr

addi t i weutfiTypi calgeyaitiadof ¥ seficiadi dattiannpiéndttorudrg. oferg @addistwhee | s added

to the coating conposition just priof to ifs use to prevent premature

cur i ngS U B2 OAC AR BRFb RS Bebab o EEESFS BRI S CRSBITIBA to an

el ectr Q&bﬁabﬂﬂ%'tﬁ@s&%n@ﬁ%ﬂ%@ic@jt%%ta%gii&ybﬁ;ﬁﬁt& hay 1A RRlMBPLxn$HiE gpoved and
0

t he sil sesqui oxane resin is cured produce the antireflective coating on

t he el betimgrbecaiénd dectrop@ORS]ce Ty Bl ¢alid 54 He fallebtor@hingudevilbenidtyely
sen condugtor devi.ce, . h as.silicon-base ewi c S, an i.yum.
TR R afens £ BUED 28BS BRRE RS 05 T s
ar $&ni d é)Jb Oe%%de O(feggal%ﬁf) nlaﬂé’&mfgo‘ﬁmﬂu%l ARY e&rlr% if a %g% jf - grmutes
sem congiyctQroLOManeNinay YRRl thhQudRKGE IR BRIhSIeSthatodi@@st one
sem conductive | ayer and a Pjurallty of other |ayers conpr|5|ng vari ous
conducgicvieonie eniiedmdy ¢ plaecd gra quisia|tahe fnpaaaceryegtisn of ooos)iogmede fied
met hods, Eg@%@?' 'A‘i%@%zﬁf‘ve@f mg Qﬁzi@ﬁ%&i%@&ﬁ{n‘é%% b QuFCQ%n@;f{&E-&%%F et
i ncl ude, are no imted to, spin-coatfng, dip-coating, spay-coating,
f1 ow caatdingy is deggtsenpf bgtongicandadlihes ssuclTheppneheredearl hLAGH o
application is spin coating. Typically, coating
15 photo-base generators. o
{0028] To protect the siisesquioxane resin of the coated composition from reactions with
oxygen or carbon during curing, the curing step can be performed under an inert atmosphere,
nert atmospheres useful herein include, but are not limited to nitrogen and argon. By “meit”
it is meant that the environment contain less than 50 ppm and preferably less than 10 ppm of
20 oxygen. The pressure at which the curing and removal steps are carried out is not critical,
The curing step is typically carried out at atmospheric pressure although sub or super
atmospheric pressures may work also.
[0029] 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,
25 aresist imnage is formed over the anti-reflective coating. The process for forming the resist
image comprises (a) forming a film of a resist composition on top of the anti-reflective
coating; (b) image-wise exposing the resist film to radiation to produce an exposed film; and
{c) developing the exposed film to produce an tmage. The anti-reflective coatings on the
electronic device are particularly useful with resist compositions that are tmage-wise exposed
30 toultraviolet radiation having a wavelength of 157 nm to 365 nm, alternatively ultraviclet

radiation having a wavelength of 157 nm or 193 nm. Once an image has been produced in the
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i nvol ves- gpjjRRiAg the el ectronic device, at about 2000 RPM and adding the
ARC conposition to the surface of the spinning electronic device. [0027]
The sol vewO 20e0/9e4#0ved and the sil sesqui oxane resin i s ®OTA$H2408/08388M t he
antireflective coating on the electronic device. Curing generally conprises
heating the coating to a sufficient tenperature for a sufficient duration
to lead to curing. Curing occurs when sufficient crosslinking has taken

pl ace such that the silsesqui oxane resin is essentially insoluble in the

sol vent e T Swhiee A ﬁdifef%awaw indle arturefiRe Wepat ik K pPuic elch g Tesiaigdt e by
h I 8
eat | ”Qnml% &9@&?1%%\/9%55% L %r ngf% %ﬁé &d&u%&&%&i é% tfg%v%&%hé QR0

m nut es ternatively 1 0 for

al t er ndilmveldye@0@idg «Gitrofl&50e QCatTmyrmbdy Be topRyed wytredice Andev meti-;lmdg afc heating
may be useq%g .iq the curing step. For exanple the coated el ectronic

devi ce %# %b’ a¢®d in a quartz tube furnace, convection oven or allowed

to st a@@(}ﬁﬂ? matazed %aﬁ '?)‘n{?%%a%ﬁé Ul b uz?eﬂi%t%&éx téﬁé&;ﬁ&;‘iés a%d‘%i?&lérﬁ&&an be

cured under ultraviole ifation in the presenc hot oacti ve
addltIWQ&¥%5m@ﬁu&Sb@hﬂMﬂedbwdﬁg$n@ﬁ@ﬁ@mnéP@@msGWﬁﬁthbmbaﬁedgﬁmﬁﬁﬂﬁ@rS.

[ 0028] To e S|Ise UIO ane res d conposition from
react|6ﬁ§‘E“Pﬁ“@&?%gﬁﬁﬁﬁméh ﬁpﬁﬁﬁgctawﬁﬁ%%¥ﬁéﬁgg$fﬁ@m%W can be

per f or r[ﬁdxw A o il xhg%%m;@ikm%@ﬁt@u&d th BEMbn AFAOSRNGS BSn Y B HdlinNigkigh N

i nclude, but are not limted to nitrogen and argon. By "inert' " it is

rreant tlhﬁ!toutdﬁw i@mmcrmh@nrﬁmmﬁt%ihmlté@sﬁﬂhsaﬁ‘iesa:mmvﬁaddu pstef iartkxbl y | ess

\ The b Rressur.e at 1 enov, st eps
302 2 BRSO TR RS ki DL B bRl B RS Re R oht
at DS phig jhréc e S S i@ vel Hon OMginh 84lnAle BHPBErcAtdRSRNRI SreRERITAIRS fdTay Wor K
al so. [0029] Once cured, the electronic device conprising the

antl-ré*%@é@|ﬁ@wéb§tmﬁ§3@éhﬂb@fh%éﬁsmﬁi¢d?ﬁﬁ@ﬂﬁémbﬁﬁﬁﬁﬁéﬁﬁp@éé53|ng st eps,
such a%g@ %th&Q&%%a%Qégﬁ ?Ba%ﬁﬁg QB&%@ é&Q&Q&QQQXWnQ}%gﬁzi(m%ﬂage s

f or med he an ectlve co for

resi st ahtrage oB@im ilses s(:a)afroqumn \mgh(auﬂeﬁ;(mgmtramrt%s;sm SQIgposd bia on top of

the anti-reflective
15 invention.

EXAMPLES

{80321 The following examples are included to demonstrate preferred embodiments of the
20 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, 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 ¢an be made in the specific embodiments which are disclosed
25  and still obtain a like or stmilar result without departing from the spirit and scope of the

invention,

[6033] In the following examples MA represents a methacryloxypropyl group, Vi represents

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

30  Example i



coati ng) 1@%38? ge wi se exposing the resist filmto radiation to produce an
exposed TiTm and (c) devel oping the exposed filmto produce an i mage. The
anti - r ef [\EOt2000e09t43at i ngs on the el ectronic device are p&cTiusedodosis4usef ul

Wi th resist conpositions that are i nage-w se exposed to ultraviol et

radi ati on having a wavel ength of 157 nni to 365 nm alternatively

ul traviolet radiation having a wavel ength of 157 nmor 193 nm Once an

i mge has been F:produced in theresist film then a pattern is etched in the

ant i - r 1938EPLPEEL A0 argmsKmbnwy! ‘er”fifrﬁliﬁ*q%irﬁfmféf@r‘}élcso § nsdeuded to rermve t he
anti-r cf : I mand

r emai n;ﬂrr{gﬂs}ar?!tkr!Xfay (ﬁﬁg th( g ﬁltmngfjlér)r% ' ﬁég%elr%% g@\{ ‘ggﬁgr’@gh‘%‘g‘ dev ‘ce

havi ng 0118 netes), fr&ﬁrc&@&hhrﬁ@@&lﬁﬁ&z ()[(I?@Sﬁ)d mereaﬁRq: €@piridigl ¢eRPOSI ¢ itons can be
cured at | ower tenperatures and_ they produce coatings that can be renoved
by st r PPHINErS Bladed grise tree-pgd lhsbyndoinddcRatNecheBReFiHdFPBetilé @) vsat i ngs

producegl { £3e nce.
o051 TR Siq Sole. B e e e R e s of

t he i nveghtxienfor th: SShmwhg;iwb@h&;bpm@@()&hﬁdOh;yr etsh@tsem)fmﬁ:kil Ifheisolutibewast t hat

t he techni clgeafdr scl osed in the exanpl es fall ow represent techniques

di scovEKFE¢° worwe‘ﬁ%rurréommreﬁ r@r rL ifﬁ’v PHE YT REL T éédtokfﬂ‘rfﬁ _
i nvent @B so@nch Lhys: r&e@m@u@pmwd%@%n mmn%éf' BiceRpa! R eds; n%es for its

practice. However, those of “skiTl in the art should, in [ight of fhe
pr esen*@»’i»dmcifﬁsmeEhappabmga@m himat thremyicad amgeésoican be nade in the
speci fi c enbodi nents which are disclosed and still obtain a like or simlar

restl t (RiSiGauto. depafuimg (Mediv he 3spiAF10angsscope of the invention.
EXAMPLES [ 0032] The follow ng exanples are included to denonstrate
preferred enbodi nents of the invention. It should be appreciated by those
of skikl., iln? ebhe art that the techniques disclosed in the exanples which
foll ow represent techniques discovered by the inventor to function well in
t he pr §3stea m\/mpem nrvceﬂ(tman %am;-tmhuﬁ 1Cﬂrﬂpbﬁiu&&h3lﬂi@f®d t aaconsdd tut e

preferred nodes for its pract those of skill in the art
shoul dwrilr,{)epp@ﬁpc HRiderg Oﬁ)r%:éjs“éﬁ{“’al”é ég Bg{ﬁaé{’ﬂ A). The material was spin-coated on

15 a4” silicon wafer, which is then cured at 250°C for | min. The physical and optical

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

Example 3
[8036] PGMEA (300 grams), phenyltrimethox ysilane (4.96 g, 0.025 mole), 3
20 methacryloxypropyltrimethoxystlane (6.21 g, 0.025 mol), methyltriethoxylsilane (22.29 g,
(.125 mole), triethoxylsilane (12.32 g, 0.075 mole), ethanol (30 g) and D water (18 g, 1
mole) were loaded into a three-necked flask under nitrogen. Next, nitric acid (70%, 0.11 g)
was added to the solution. The mixture was heated while stirring at 80°C for 4h, followed by
refluxing for 4 hrs, dunng which about 120 g of volatiles were removed. The solution was
25  then cooled to room temperature to yield a clear light yellow solution (pH = 4) at 10 wt%
The solution was filtered through a 0.20 micron PTFE filter. GPC results: Mw = 2080;

Mw/Mn = | .74 The resin had a theoretical formula of

(PhSi03/2)0.10(HS103/2)0.3(MeSi0372)0 50(MASIO30)0 1

30
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appreckﬁxﬁﬁgggbigany changes can be made in the specific enbodi ments which
are disclosed and still obtain a like or simlar result wthout departing
from t he WPI2p%09843d scope of the invention [0033] I|n thecralsk@siosigsexanpl es
MA represents a nethacryl oxypropyl group, Vi represents a vinyl group, Ph
represents a phenyl group and Me represents a nmethyl group Exanple 1GVEA
(300 grans), phenyltrinethoxysilane (4.96 g. 0.025 nole), 3-

met hacryl oxypropyli pnethoxysilane ( 18.63 g, 0 075 nol),

net hyl £¢p@pliokyl silane ( 13.37 g, 0.075 nole), triethoxylsilanc ( 12 32 g,

0. 075 , Qﬁg@L ~ -, .and or (18 g, 1,00l e > oa into a
three-m§?ﬁ3f1§§k un€§§§%i@p8§eﬁtEk%??&ﬁﬁf%% %Q%%%Hg?fﬁé¥%%ggfggﬁ §ﬁas added
t 0 t he wsdlighion pfheidaRICUalinvad.cieat edt MIMEA S The Mangiadty 2808 chbard4nh
followed by rcfliixing for 4 hrs, during which about 120 of volatiles
ver e r 8fovEigon THET PR ohehaget HW%o%éd P rIE6 M SPRFATNE &Y ek el d a
clear h&g@ég%qhh@yggplution (pH 4) at 10 wt% The solution was filtered
through a 0.20"m cron PTFE filter. GPC results: Mwvw = 53,500; MM 22.2 1.
The resulting resin has a theoretical fornula of (PhSIO 3 2)QJQ(HSI O 3 2 )
3 MSIO3 2 )AQ(MASI O 3 2)AJ. Exanple 2 [0035] A PGVEA solution (10 wt. %
10g) of the resin produced in Exanple 1 was m xed with benzoyl peroxide
(0.01 g dissolved in 2g of PGQVEA). The material was spin-coated on a 4"
Silicon wafer, which is then cured at 250C for 1 mn. The physical and
opti cabExprpieerti es of the wafer were then neasured. Filmthickness = 1726

5'0, HAGE. TROIESS PPl e sy i) Byt Griat Wy 377 Bhe (6,21 g 0. 025
ol )  mekdyddithietRax Sidoane (022n@d9), thetiB4urikRorsmhe) ¢ 8igdl £bhoxyhgi | ane (
12. 32 g,'02975 np]e), ethanql (39 g) aqd U'_water ( 18 %u 1 QDLe) wer e
| oaded vimyttgcldordsies-(A ddkee 8. 0£F agide upaibirichloresdgent [ONéxa, ORI /Smelehesd (70% 0.1
19) added to a three-necked flask at 20°C under a nitrogen atmosphere. In a separate flask,
POMEA (350 g) and water (12.96 g, 0.72 mole) were added and mixed; the homogenous
15 | water/PGMEA solution was then added to the three-necked flask over 90 minuntes, After the
addition the reaction flask was allowed to body ‘a“o.r two hours. The solution was transferred to -
a 1L separation funnel, and washed with DI water twi-cé (2 x 100 g) without mixing (pH=1
after two washes). The water portion is at the bottom and is drained after each wash. The
solution was then transferred to a 1L pear flask. About 40g of EtOH was added. The solution
20 was stripped to 10 wt% solution by rot-vap. The result 10% PGMEA solution was bottled for
testing after filtered through a 0.2 mm Teflon filter. GPC resuits (vs, PS): Mw = 10,400,

Mw/Mn = 3.97. The resin had a theoretical formula of

(PhS103/2)0. 16(HS10 3,230, 3{MeSi0 3230 50(ViSiO30)g 1

25  Example &
[6639] A PGMEA solution (10 wt.%, 10g) of the resin produced in Example 5 was mixed
with benzoyl peroxide (0.01 g dissolved in 2g of PGMEA). The material was spin-coated on
a 4” silicon wafer, which 1s then cured at 250°C for I min. The wet removal rate after cure

was 100% by NE-98.
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was ad‘i‘ﬁf‘xo&?&b@ sol ution. The m xture was heated while stirring at 800C
for 4h rlome by rcfliixing for 4 hrs, during which about 120 g of

vol at i | eswaer®@/e0ved. The sol ution was then cool ed t oPCOAISRAOSHRISHAt ure to
yield a clear light yellow solution (pH 4) at 10 wt % The sol ution was
filtered through a 0 20 mcron PTFE filter. GPC results: Mv = 2080; MM M -
1 74 The resin had a theoretical fornula of (PhSiO 322 )Qio(HS (¢

3Z2) 0. 3(MeSIi 03/2 )o.5q(MAS! q 3z2 )o. i -Exanple 4 [0037] A PGVEA sol ution
( 10 wEXepp dg) of the reS| n produced in Exarrpl e 3 was mxed wi th benzoyl
per oxi @ S spin-coated
on a 4'?@4@? icon \/g@%pH fgﬁ curedmg gé (f]é or ¥va The wet

r enovaki w,ahev;abpeimnmmm\y/a&n&@@%) hyo NES 91, Er)&&ﬂ]lh@th5xii@@¢3¥3](42.2@ ég(} 0f5s
propylene gl ycol her acet phenyltrlchlor05|lane

(5.2 §oi0; e@ewb@am R DTS o %hedmdgeg%gme 1995 gl i
v' nyl t pliehl 0nes ikl flm%e& N 022{1BER) 70 8NE 05 RS DL 0L 0% (B0 {hQichS 9.
Thre) ey DS A SR TR {

. 075 wer e {0 & three-necke a nitrogen
at nosphée enixthire Qaslepexiatie! if&klmﬂ&, atl%(WEon(Bﬁ&s @)warhd mﬂteno (er-L 196, Qyring. 72

nol e) r dded, and m. X t he honog ous wat er / PGVEA s | ution was then
added \fl\"g C?‘rfg“ﬁi“h% Lt Nkl f*f FeEReBoE- g © RIRITEYES BER 8POIERE RA/ ti on t he

reacti Qiadolask WA @a Leweshrk 9 10QGY af @ wino m@w Riop THE §¥%er& 1R, A0, 20
transferred to a’l L separation funnel, and washed wth DI water twce (2 x

100 g) mistoh&UEEi! mrng}PCpiesu Is: Bf eFi%M/Em%‘ihesa,?&Tﬁe |t énd pordoroomai s at t he
bottom and s drai ned after each wash. The solution was then transferred to
a 10 peamulq ddRhSillzas. 1t B§1Gf2ER Ol W&k ansétpSithesol ution was stripped to
10 wt % sol ution by rot-vap. The result 10% PGVEA sol ution was bottled for
testing after filtered through a 0.2 nm Teflon fi lter GPC results (vs.
PS) : I\@Mméig 00, MV WMh = 3 97. The resin had a theoretical formula of (PhS
i0 3/2 01 Sl 0 3/2q3(MeSiq 3/2 )o.5q(ViSi0o 3/270.1

(60411 A PGMEA solution (10 wi.%, 10g) of the resin produced in Example 7 was mixed

with 0.01 g of TAG-2168 (in 2 g of PGMEA), which contains blocked dodecylbenzene
15 sulfonic acid in PGMEA as a thermal acid generator, from King industries at Norwalk, CT.
06852. The material was spin-coated on a 47 silicon wafer, which was then cured at 250°C

for | min. The wet removal rate after cure was 180% by NE-O8.

Example 9

20 [6642] A PGMEA solution (10 wt.%, 10g) of the resin produced in Example 7 was mixed
with 0.0t g of IRGACURE 379 (in 2 g of PGMEA), which is a blocked tertiary alkyl amine,
from Ciba specialty chemicals. The material was spin-coated on a 47 silicon wafer, which 1s

then cured at 250°C for 1 min. The wet removal rate after cure was 100% by NE-98.

25  Film Coating and Characlerization
{80431 The film coating on wafers was processed on a Karl Suss CT62 spin coater. The resin
PGMEA solution was first filtered through a 0.2 mm TEFLON filter and then spin coated
onto standard single side four inch polished fow resistivity wafers or double sided polished
FTIR wafers (spin speed = 2000 rpm; acceleration speed = 5000, time = 20 seconds). Films
30 were cured at a temperature (200-250°C) for 90 seconds as indicated in the tables using a
rapid thermal processing (RTP) oven with a nitrogen gas purge. The film thickness, refractive

H



Exanpl ?)(gﬁg@ggg]r A PGVEA solution (10 \vt % 10g) of the resin produced in
Exanpl e mxed with benzoyl peroxide (0.0 1 g dissolved in 2g of
PGVEA) . TWO 2nexeed44al was spin-coated on a 4" silicon waPET/USaIBOB3SHS t hen
cured at 250 OC for 1 min. The wet renoval rate after cure was 100% by

NE- 98. Exanpl e 7 [ 0040] PGVEA (300 grans), phenyltrinethoxysilane (4.96 g, O
025 nole). (3- glycidoxypropyDtrinethoxysilane (5.90 g, 0.025 nol),
nethyltrlethoxyIS|Iane (22.29 g, 0.125 nDIe) trlethoxyIS|Iane (12.32 g,
0.075 #isieapnd Eraiup Wea detemigedusing snbl &) Wiehan pinseacentlde shickicsev sk ed
flask w r o} ed to the

sol uti E){%g&{f‘ﬁe 6%% ggﬁtr iémv%géf W’ggh{eg &m}ﬁﬁfe@sﬁ\%ﬁ%ﬁg&g@n%‘g@? u . followed by
r ef | uxdegrdiioed 8y hregsurdhgn hafjiriiicihneabout e 2001¢ ot 2ot BGMISS river, §he erpved.

The sol ution was then cooled to roomterrperature to yield a clear |ight

sol uti &P ieE W%SSW%‘? &R GYP SAMREEC Hh Y ¢ sBd e stigh BEY 26! ¢ Eron PTFE

filtger T d theoreti cal

f or mul gg(g)f i {”ﬁéfj‘lé‘% Sé(}){%ngs(%s 3? %M}?ah%kgmd dle‘%é?%%%l 8%7 lZJ)%g E?- Exanpl e 8
[ 0041] aAmF?@VE& salat Nmfnc(td}@iowof%iih@;%n@fndz Hemesippropriodeseltk ara Exanpl e 7
was m xed wi.th O, Oil AG 2168 (in 2 g of PGQVEA), which contains bl ocked
dodecy U BBAY &N P EI’co’m c,a“ cid in PGVEA as a thermal acid generator, from
King industries at Norwal k, CT 06852. The naterial was spin-coated on a 4"
silicon wafer, which was then cured at 250 C for 1 mn. The wet renoval
rate aflelle lcuee Rrapsrteo@yoMsthNEYOR Fanphe Wis¢0ouRpnARPEVEA soplatilend ( 10
wt 194 BOgkendfwithieserredicn iptioduced in Exanple 7 was mixed with 0.0 Lg of

| RGACUREER7Qpkl N RF@e®adRGVE Bike, T, Wi ch Tiks Aa bl atked teathaxy al kyl am ne,
from C ba speci al t wighem calis. The materi al waspgpipk coptedionia 4" silicon
waf er, WAL Ch STTHER gUred at gp(FC Tor L e n. T Wet Fenoval tate after
cure was 100% by NE-98. 500 3160 50
250 2147 53
250 2173 23
A-2 . BPO 200 2166 71
200 2152 _ 21
250 1726 113
250 {733 : 17
A-3 DCP 230 2161 22
250 2193 20
A-4 LUpP 250 2160 23
250 2158 22

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

Table 2. Cure Properties of Methacrylate Functional Silsesquioxane Resin (Example 3) and
is biﬁnd with free radical mitiators

Example Free Radical | Bake T,°C | Th, A ATh, A | ATh, A
Initiator! PGMEA | TMAH
A-3 None 260 1520 37
200 1531 55
250 1265 59
250 {285 44
A-6 BPO 200 1516 11t
200 513 48
250 1369 20
250 1358 30
A-7 DCP 250 1334 36
250 1301 19

18?() = benzoyl peroxide; DCP = dicumyl peroxide; LUP = Lupersol 101
2
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with thermal acid and base generators

| Example Additive' Buke T,°C | Th, A ATh, A | ATh. A
: PGMEA | TMAH
A-12 None 250 2167 35 40
250 2169 I )
1 A-13 TAG-2168 250 2570 5
{(TAG) 250 2165 12
A-14 IRGACURE | 250 2135 2
379 (1BG) 250 2142 O
"TAG = thermal acid generator; TBG = thermal base generator.
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(%SO&%@%%&F)OMH&QSXWUR)JOnMMﬂQSJ(melesa
phenyl group i's a nethyl group, Ris selected froma reactive organic
functi onavogpene14n curabl e group, R is hydride or a hpdrasacisosssgy oup
having from1l to 4 carbon atons, x has a value of 0, 1 or 2; mhas a val ue
of 0.01 to 0.97, n has a value of 0.01 to 0.97, o has a value of 0.01 to
0.97, p has a value of 0.01 to 0.97, and m+ n + o + p 3. 2. The
siIsesQU|oxane resin as claimed in claiml wherein mhas a value of 0.02 to

0 7, n HESLTRISGHOEMEP 16:05 to 0.9, o has a value of 0.05 to 0.9 and p has a
value f 2 | ui oxane resin as clained in claimi
mherelﬁ &?ﬁ%%u.QGQ?hgmgthI§§ﬁ§ﬁm§ﬁ§ n has a value of O. 10 to 0.50, o

has a valpg;@f, @Q@Rt) QH@Q@_@% (I@r?@%y (Mé&% el R ?f(ﬁ@i( N Z§()E{4)X The

S|Isequ|oxané sin cl al Is a Tyl at'@ group.
5. The sil seagi BXaNSHA91 No@sne!igh E‘F&%@xy %r&ﬂ aRm; bivher gbR Lhsperyl ate
group is a met hacr yl oxypi opyl group or acryloxypropyl group. 6 . The

si | éesqum)cafrmectrce@i groap ochakpedréup. Bl & lmdtideher eydroRupben aﬁr@ualhk@nylfuxg'r oup. 7

. The esqui oxane r.esin in claimeé

or ous. 0 RBAERE s R L BR pEbTL BEE Pt h BT R UPTIED D bR 4

epoxy @Wguﬁiﬂﬁ’o}ﬁh@v§hh%€§@@k@5@“%¢ﬁﬁ§iﬂx@ﬁoﬁj@lﬂﬁﬂ@?%n@h@#%kﬁoWhﬁée'n the
epoxy group is a egC|doxypropyI group or epoxycyclohexane group. 10 A
conposiiti on conprising (i) silsesqui oxane resin having the fornul a
(PhSTOr3. xy2(OR) | m(I1SiO (3 x /2(OR) x)n(MeSi O (3. xy2

(OR)c)o(RSI (3. xy 2(OR) x )p where Ph is a phenyl group Me is a nethyl
grqup B, lﬁc&ﬁkﬁﬁg&@% 11041 @s FieRedd Me 1ok gaNhGehunehd 90ale 0F QUP 1O6. 7CHRADI €
group, R is hydride or a hydrocarbon roup, x has a value of 0, 1 or 2; m

has a walle Qﬁf) .10 % 0 hos 9 Falug ORASS 40 A avé ndfas@. 0lbeta 09)297,0.3 . has a val ue
of 00 1to 0.97 p has a value of 0.01 to 0.97, and m+ n + o + p 1; and
(ii) a solvent.

3. The silsesquioxane resin as claimed in claim | wherein m has a value of 8.1010 80.50, n

has a value of .10 t0 (.50, ¢ has a value of 0.10 to 0.60 and p has a value of .05 10 0.15.

15
4. The silsesquioxane resin as claimed in ¢laim | wherein R 1s'an acrylate group.
5. The silsesquioxane resin as claimed in claim 4 wherein the acrylate group is a
methacryloxypropyl group or acryloxypropyl group.

20

6. The silsesquioxane resin as claimed in claim | wherein R is an alkenyl group.

7. The silsesquioxane resin as claimed in claim 6 wherein R is a vinyl group.

25 8. The silsesquioxane resin as claimed in claim | wherein R is an epoxy group.

9. The silsesquioxane resin as claimed in claim § wherein the epoxy group is a

glycidoxypropyl group or epoxycyclohexane group.

30
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11. Th?XQ%nP§§k%hon as claimed in claim10 wherein the solvent is
I-nethOXy-ﬁ-prdpanoI. 12. The conposition as clained in claim10 wherein

t he sol vewo 20e9/9ll4ps60l nononet hyl et hyl acetate. 13 The ECRS2008i08334AS
clainmed in claimwherein the solvent is cycl ohcxanone. 14. The conposition
as claimed in claim 10 wherein the solvent is present in an amount of 10 to
99.9 W % based on the total weight of the conposition. 15. The conposition
as claimed in claim10 wherein the conposition additionally contains a free
radi call®i Aj erEosiion EeMPTREEconposi tion as clained in claim15 wherein the

free radical;\ini.tiator is.a.peroxide. 17. The conposition as clainmed in
claim 15 whEPggﬁﬁgﬁ%géggémggﬁ?@QF%Q%FP%%tor is present in an anount of 10

to 500 _afe the tat@l. Weir f CONPARH I QR L5 KB
C o00, PR on e dsial yekats, ghidde FSmRORI A OIS e |

conposition as ¢rai medt'n c rein conpositio

contains anw%@%hﬂ!M%;ﬁ@bﬁ%ﬁ@ﬂ>ﬁ%@@hHﬁ@ﬁ@gﬁ%%ﬁag§ﬂﬁ&ﬁgéﬁ§mQﬁ@&ﬁﬁk'aCid
generators, photo-base or thernal -base 'géenerators. 19. A nethod of form ng

an ant erghledondtivsacpaty agcionblagrapebt ndniduddevi bedroonpei gicng Y Ws aappl yi ng

; L act toni . 1 of | . ) S L
o o AL %L, M LS SRR TR Lo, L
X) r n( HBIoR(S 007 5 A0OR X o) BO Wﬁj}.%,ﬁ{md Y3 R g QRO 3. )/ 2(OR) x)p where

Ph is a phenyl group Me is a nethyl group, Ris selected froma reactive
organi ¢ fundiih erdiergr oup or curable group, R is hydride or a hydrocarbon
group, x has a value of O, 1 or 2; mhas a value of 0 0 1 io 0.97. n has a
value of 0.01 to 0.97, o has a value of 0.01 to 0.97, p has a value of 0.05

t010. 931, apdcihpodiich & chilied idelaARdo Ginsdeimihs QbMeRtis 1aRheB)-2 hespybing t he
solvent and curing the silsesquioxane resin to forman antireflective
coating on the electronic device. 20. The nethod as claimed in claim 19
wher el 'Ezt I?’gc g&%g‘)ags%%neé:sté!é{%e ?r?e%i'aﬂtg (& VIRRE e Wivent is glycol monomethyl ethyl

acetate.
15 13, The composition as claimed in claim 10 wherein the solvent is cyclohexanone.

{4, The composition as claimed in claim 10 wherein the solvent is present in an amount of

10 10 99.9 wi% based on the total weight of the composition.

20 15, The composition as claimed in claim [0 wherein the composition additionally contains a

free radical initiator.
16. The composition as claimed in claim |5 wherein the free radical initiator is a peroxide.

25 17. The composition as claimed in claim |5 wherein the free radical initiator is present in an

amount of 10 to 500 ppm based on the total weight of the composition.

18. The composition as claimed in claim 10 wherein the composition additionally contains
an additive selected from photo-acid generators, thermal-acid generators, photo-base or

30 thermal-base generators.



addltlﬁgqbkﬁygg@galns a free radical initiator. 21. The method a clained in
wherei'n the antireflective coating conposition additionally

cont ai ns WA 20@inse sel ect ed from phol o-aci d gener at or s PCHAISA®I8/083S1H
generators, photo-base or thermal -base generators 21. The nethod as cl ai ned
in claim19 wherein the antireflective coating conposition is applied by
spin coating 23. The nethod as clained in claim19 wherein the

si | sesqui oxane resin is cured heating. 24. The method as clained in

cl ai m 2% WhBFEIH of hapg éféé'&iij?%%éihé‘f? égagr?n.@ LHTERI B HEAPTWYS'EE 80 OC to
450 0C for Q'X} 5R>£Hé?%%§nc IJCLER%H*;H%?h&gWa(%aﬁJ& 1::?@1?0 Efb (\%}ms;n%

N
wherein the S|%§E§ | oxane resin Is cured by ul
{1} siisesquioxane resin having the formula

(PhS103.2(0OR ) m(HSI0 32 (OR 10, {MeS103.432(0R 1 Jo (R8I0 3.4),2(OR D)y
5 where Ph is a phenyl group Me is a methy! group, R 1s selected from a reactive
organic functional group or curable group, R’ is hydride or a hydrocarbon group, x has a
value of O, 1 or 2; m has a value of 0.01 10 0.97, n has a value of 0.0} 10 0.97, o has a value of
0.01 t0 0.97, p has a value of 00510095 and m+n+o+p=1; and
{(i1) a solvent, and
160 (B) removing the solvent and curing the silsesquioxane resin to form an antircflective coating

on the electronic device.

20. The method as claimed in claim |9 wherein the antireflective coating composition

additionally contains a free radical initiator.
21. The method as claimed 1n claim 19 wherein the antireflective coatling composition
- additionally contains an adaiiive selected from photo-acid generators, thermal-acid

gencraiors, photo-base or thermal-base generators.

20 22, The method as claimed in claim 19 wherein the antireflective coating composition is

applied by spin coating,
23. The method as claimed in claim 19 wherein the silsesquioxane resin is cured by heating.

25 24, The method as claimed in claim 23 wherein the silsesquioxane resin is cured by heating

at 80 °C 10 450 °C for (.1 to 60 minutes.

25. The method as claimed in claim 19 wherein the silsesquioxane resin is cured by

ultraviolet light.
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