10

15

20

25

30

METHOD FOR FORM NG ANTI - REFLECTI VE COATI NG DESCRI PTI ON
[0001] Wth the continuing demand for snaller feature

W@ 2wem633ml t he sem conduct or i ndustry, 193 nm optT/U82005/035236
i thography has energed very; recently as the
technol ogy to produce devices with sub-100 nm The use
of such shorter wavel ength of light requires the

bott om j l. [ [ the

rot | oot M DURER YRS AT REEEE ItV ECORTREOR oo
swi ng cure by absorbing |light that has been passed

t hrough the photoresist. Commercially avail abl e
antireflective coati ngDEYFRIPEENI st of both organic
and inorganic materials. Typically, the inorganic ARC,
whi ch exhi bit good etch resistant, is CVD based and is

[000HUjiCthe téntituingdentdhel fbﬂir@leﬁfdaﬁﬁe dizeaiviae sagieonductor industry,
extrene topography The organic ARC materials are

193 rarpapqnué@l lighoasanhy- hee epresasdsietareactiinas tasisehnelpgy fonrpdugg devices
qaﬂﬂf iy 2R R TGP B §h8r°t @wele%g{ﬁ & 1@& DRuBEOfh he%ﬁbm

ectivity to organic ot o
antirdfRtEvd édatlh@ QBARKZ’() &b ﬁedhb@the eefixiction oA dhwesubaigete anxl dampen the

phou;ra;g%%?sgﬁﬁgsﬁs&g@@%g R e S S BeRb
COmefnor qgsgvﬁqli@gﬁ@ﬂ%%ﬁe%m{gs %R%Ug%oﬁs‘?ﬁwwthﬂfrgﬁﬁé Eﬂaeﬁlorgamc

ese antirefl éctive coatings can
matesislsi Pppidalbst, thehinorganio\/aR Cswhigh eamitlittgoed sich sessjantois é]’%éD based

and i i, ?@é‘%ﬁ E(garllgpfs aﬁé}agr% Ron %ﬁr%gﬁgge Pt%t%%jel ttgig(gﬁ?l’awaﬁ@e organic ARC

R ek dllehtHil aﬁdl l%ﬁéﬁia% ti
matef1§l§'aﬂ: dg@h&fﬁf 5‘%&;@3 {8%?%1 Elf,;-(\iRC m;:t & Iea i 8 n Pfsperties,

but spﬁertframl paer ett¢h ssl¢ativsyto ovgamie rphaion@mt 0Ag arreqw‘lio@l mﬁerlal that offers

an. antirefl ectl coat i el.e
the o S BRRL RO of Pl RS PEAE e,
[000Zn ﬂlﬁ@uﬁféﬂﬁ&ﬁpéﬂ‘dﬁﬁb 16 @iTRYshGibRehe(rkdiAs thial é&ﬁlﬂﬂmﬁaﬂ@me coatlng
resin having the formula (PhSi Q(S"Y 2(0OH) )1n_ HSI O

propyrtigy oK)l {3 it.Of Qes,@)ap‘g{e@egty\)eﬁ:@p{t\glgc@n)by /sg(mesl 24 @e removal stage
and ﬂé\g?ﬁes%cgdgo){a?lo ?es%ea?é/ gtagl% gé)n gcl%{%gle.s I@adgfﬁ&x Ithegﬁrgé&ce B Rydride

m ester grou
group in the silsesquioxane resin is essential for the desired cure properties and strip-ability

as a 193nm ARC material.

[0003] In particular this invention pertains to a method of forming an antireflective coating
on an electronic device comprising
(A) applying to an electronic device an ARC composition comprising

(a silsesquioxane resin having the formula

(PhSiO(3.x)2(OH)p)m HSi0(3-x)/2(OH))n(MeSiO(3-x)2(OH)x)p(RSiO3.x)2(0H)x)g
where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 to 0.95, q has a value of 0.01 to 0.50 and
m+n +p+q=1;and

(ii) a solvent; and
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pol yet her groups, x has a value of 0, 1 or 2; mhas a

value of 0.05 to 0.95, n has a value of 0.05 to 0.95,
w@2ivases2rval ue of 0.05 to 0.95, q has a val ue PET/0SDA5/035236

to 0.50 and m+ n + p + q 1;2and (ii) a solvent;

and(B) renoving the solvent and curing the

si |l sesqui oxane resin to forman antireflective coating

B r%gflﬂgth(%l S?)F\’tﬁrgfe)%l‘lgfcqglﬁl\é#%? 11s[3§%191?q§(1anér %}nf‘t'gtfﬁ ?Hiallgﬁ&%ﬁgctive coating
onthé@@t:ﬂr@ﬁcha\\vieethe forrrul a (PhSl .y OHHS O . (}| I\/bSi O
SiO. OH g where Ph is a phenyl. group
[0004}e+ ﬂgq sﬂgmuppxan@ yesing &i) isefabins ngélf-ee%mﬁ?ﬂﬁme a%mg Tave the
form.lgl_glyether groups, x has a value of 0, 1 or 2; mhas a
value of 0.05 to 0.95, n has a value of 0.05 to 0.95,

S O AR R TR R AP RO O,

wher¥ ?h 4a Blflengll élQ)ub OMQ 1§Q me‘fh)JI‘ %Fou@ R% élﬂec@éd QoﬂiQ:sfe@ ng)u?Q and

has a val ue of . qasavaueo
polye@h@@mtmsm bos, a{/&l@@@]‘ 0 FI c»rsZ geha@ca@uequcﬂﬁ%’m(b%,grhmpsralue of

005 G bt AR o "5 s gvalirr b o 0o SR £+ p g~
1. Aftéiﬂ&tti\l'e‘g}gﬁﬂ Hds ¥ vaﬂéeofm /L0, nHa®HRakus 020.1078BH0Cp has a value of

subsi t Uent havi ng hydrocarbdn units |inked through
0.10 Q. g@anchg bag a vape eb@A ¢@0.20ut not linited, by the

[00052]0| ?ﬁeﬁ%te%&&%%gt%gg@gbé&g%}l?%%%g@qg c[@ﬁétel\ghgrl%éls iisn%lf}lf organic
subst@h &R lcoMb il & l%s@%estmoﬁﬂlt?fﬂﬁsﬁ%tﬁér%i% iss8fodanic
herein are Si- g(zhl\/le and Si -

subs1m¢ahlr;ave@ lmwdr@@ﬂgﬁm wais li ﬁgou@@wgem@tpm, rﬁpewsented but not
( OCH2CHR) Si -
limiteg], by@m%o@ower@atwem? 7SdQHz)aMGUe}b]a€$ﬂé , hes%% 8 i ?os@alr%’é b=2to

6 o8 FQ/E%W i) %elﬁ@g%étﬁgre%g&% uph, ensiﬁ‘éé%&?fs&éwps useful herein
ate sf-ﬁéﬁ&a-@é%@aw%'ah?ﬁ@ﬁgﬁﬂé@ﬁ i @é@ﬁ%;q‘%%a% 5B Eopps vsetul

Si - OH groups. her amount s _of these unit
herein are Sl-(%Hz)g, (OCH2 H»)7-OMe, Si-(CHp)3- (OCHZCH2)7-OH and Si-(CHj)3-

(OCH,CH3)7-OAc .

[0006] The silsesquioxane resin may be essentially fully condensed or may be only partially
condensed. When the silsesquioxane resin is partially condensed less than 40 mole % of the
units in the silsesquioxane resin should contain Si-OH groups. Higher amounts of these units
can result in instability in the resin and the formation of gels. Typically 6 to 38 mole % of
the units in the silsesquioxane resin contain Si-OH groups.

[0007] The silsesquioxane resin has a weight average molecular weight (Mw) in the range
of 500 to 400,000 and preferably in the range of 500 to 100,000, alternatively 700 to 10,000.

[0008] Silsesquioxane resins useful herein may be exemplified by, but not limited to
(PhSi03/2)0.1-0.25(HS103/2)0.15-0.30 (MeSi03/2)0.25-0.55(RS103/2)0.05-0.20

R = -(CHy),-OC(O)Me
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can result in instability in the resin and the

formation of gels. Typically 6 to 38 nole %of the
wainios®6331 t he sil sesqui oxane resin contain Si-RBEX/US2005/035236

groups. [0007] The sil sesqui®xane resin has a wei ght

aver age nol ecul ar weight (My) in the range of 500 to

400, 000 and preferably in the range of 500 to 100, 000,

ternati . 0 to [ 0008 j | sesqui oxane

(Phsf‘iyz%ﬁs-mé%}@ 3@8@9 g?é/z %ﬁﬁﬁ.ﬁ]@g@/ﬁggs&m not

limted to (PhSi 0 3/2)0 1- 0. 25(~8103/ 2) 0. 15- 0. 30
R=-€@H.@Bf@ﬂ)7 0.55(” 03/2)0.05-0.20 R =

i OC(Q Me(PhSi Gs™o0. i -0"sCHSI Gs™0 soMeSi Gs"o
[0009 J@&WSW@W@G@SJW@M podpyel lesoeythom@mgq thgpe. For
examl‘i):l]é, fﬂiﬁezsqfél;:s@ﬁ%gﬁné 1%§1'n£‘ﬁT g’%‘é rpﬁgdlfséléﬁ‘? @g glgeﬁl?@%lﬂgé Fugcg §oﬁ&'é8s‘,’§a’{t}on ofa
mixtine of s pHernyd drldikoiyisﬂaﬂw Hydl'bgé’ﬂ ttiallosty sibind and aiettoM triflkéxysilane.

of a _phen ko S|Iane hydr oge
Altem?ﬁ“aaka&@y érilq.‘/alwr‘a%& &%{/ ﬂ}q olypig ast%qndsa Fion of a phenyl
DEMn . hydrol ysis
tmhﬂ glgﬁgg%gg%&ll {é%ﬁo{ ﬁ@%@ﬁ?ffgﬁpﬁx a'ne, hydr ogen
[0010]r [ ?3111& silsesjuicxane psnh mﬁmgdllytprodltcled) lrothle Ipmence[ dmﬂdblveﬁh eAny

i R R A LS L SO0 8 s
partid@ipatk i:rpﬂ‘l‘é r&ﬁh&ﬁ H{aytbQ%tsedjﬁ’L oﬂmﬁn%ﬁ@fsﬁée@ ﬂoﬁéﬂé%élﬂn'ﬂle solvent is

group which may participate in he r6aat | on may be
genetally d15¢d11npmemmhgf 4thie 9B W@ghtcpm@nahaed enithe tofh eveight of solvent

ot B BERSILA 50 BRI R e ot

a dua® PHasg iok 81 lelstA6d Hdtedn. alternatively 70 to 90 wei ght
mmﬁercent he reaction may be carried out as a dual

hadeefakorgamig pavernamey &y §K@npllﬁmpuumﬂmtedrtgmmmed
ahphﬁt?c{ St gi% as g %(ntgrg a?égagi@,lslt %%ﬁg%ebén% gsﬁ%ct%get c#cg{)n%}t zmatlcs such as

cyclopeftand aﬂbcychihdxarﬁpmhﬁﬁes sueli @k bandepblasluese, S(zl’éhe fesitylene;
cyclopentane and cycl ohexane; aromatics _suc

cthers, gycheas detrahyrodran, digyaggesthylers glyeal disthest pibes ethydeneadycol
d1meg1$f£I éﬁ?@x},’ Qét‘%ﬁfbre %gh S?y 3 §oblﬁilh(3é#o§1@? 16 Ejuti g% eéﬁkgiéié ne; halogen
substitnteﬂylildaacmmly bs tm:immetwes}@lomtedmmams ancinss bromobenzene and

chlorggleln%gger;] esters such as isobuty} iéobutyrate and propyl propronate. Useful silicone

solvents may be exemplified by, but not limited to cyclic siloxanes such as
octamethylcyclotetrasiloxane, and decamethylcyclopehtasiloxane. A single solvent may be
used or a mixture of solvents may be used.

[0012] 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 ambient temperature suggested.

[0013] The time to form the silsesquioxane resin is dependent upon a number of factors
such as the temperature, the type and amount of silane reactants, and the amount of catalyst,
if present. Typically the reaction time is from several minutes to several hours. One skilled

in the art will be able to readily determine the time necessary to complete the reaction.
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substituted al kanes such as trichl oroet hane;

hal ogenated aronmati cs such as bronpbbenzene and
w@hdoenedsenzene; esters such as isobutyl i sobutBCHUS208585236

propyl propronate. Useful silicone solvents may be

exenplified by, but not limted to cyclic siloxanes

such as octanet hyl cycl ot etrasi |l oxane, and

e t hyl cycl.opentasi | oxan oIv
f0014},¢ ERTEHRE SR R R tsR R e Rudlitinfy G v RS mARa.
MethdRa6¢ teRibvir BE QQtHF}@t drb YeHikno RSl theoxamed wesldincade fitralization,
carried out at any tenperature so | or;gqlas it does not

Strlppumm@vaé¢rgmsnllrtgmtcoglél agipnsgherset. c atksecatalyst mpyoreetthely impact the

guj.-oxane .r esin.
shelf ﬁ%ro?f%i gilcone a{FSlg & peﬁ%ﬂl; g‘{‘flgﬁgﬁ IL(M l%i{{l}gth:ugﬁg Hn?«?z Lﬁ&ag%ested
[0015%1 S0n @, prwbdsla f@ﬁhﬂﬂ@ﬂ% thie @il quibrare Iﬁsigm ¢t rea@maa; cothplete,
ime to formthe silsesquioxane resin.is dependent
volatilgs swpyzbernigmoned Gpmrthe sibiesquiorame sesi sIVEILINdes fagpeed pragsure.

Such X%?ﬁ ef ﬂ%h?dgoaﬁ'&%o ?fod?@tg ?ﬁgt\’éﬁ%ls cat&l gt B?cﬁo%@&m&’f

res é're cflon t1me
(chloﬁoﬁMﬁe&@ttteﬂ)adndmbrvaes Menhcsis\fmr mhlolvmgr\&latﬂhsears khdwe m ihn art and

he art wll able to readily determine the tine
Hmhkk63§§§ﬂm?etémﬂgﬁﬁmete the reaction.[0014] Fol | owi ng

[001618{1?6'118%% ereafcﬁg% f@;ﬁr/&&%&&h& ??se%ﬁ@ia)ﬁ% bredTRY ni@iber of opt10na1

r enpov renmovi ng the catal yst
steps &ta§g beehtriddromvtd asbtameheamlsesqmobmm tegin indheidiesired form. For example,
eutralization, tri i t er,washin

the silsgrA AR B PAE POETOVerHBIT Solid DR Pyamowt esafgnt. The

methé 1vehhfen§hr°al fs rlot é@udaf aﬂcf‘xﬁnﬁérbh§ﬁ€ﬁioﬂ§§ﬂe RyeSiaReindh e art
en 1n solution thus its renoval is suggested.'![0015]

(e.g. distildtionpnderdwst fnl/onmakiumy. t Grceghe s:ésgeﬂm@s@@n gesirpisirpcovered in a

fter. the reaction
solid forp, theFerip SRR %’ f 8pt§(?qa§§ g{)%(g emrtgg ?%méé o1 Ut on Q@X%Int fora
partiduff ¥S& d AHBRHWES; if §l&iﬂerﬁﬂﬂ salvich€ tlich thandBe edlvaitabed in the
by-products, excess water, catalyst, hydrochlorlc aC|d
reactipgHis desisid fanie gt rrevuctrisodwng W@ngwmﬁ badopgpy adding a

enoyVv d
secon PR Rt LBy DR e
Addifi@adlly] 1o résin acmfémalohhe selvéigean be adjasted bg s¢movdng sorbeof the

of optional ste arried out to obtain the
SOlVeﬁﬁq’rs?é‘éHl&aélﬂﬁW@a a<='Pé‘|" ﬁ‘?fsf’f?’énﬂea red form For exanpl e,

[001‘/}] or QR';(? t%lg&flﬁg i Vd“%y &ﬁtﬁ hBEIMEEiBLsduio:Rt tédin (i) with a

solvent (11) The ARC composition is then applied to an electronic device, the solvent is
removed and the silsesquioxane resin is cured to produce the antireflective coating.

[0018] 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
and a plurality of other layers comprising various conductive, semiconductive, or insulating
materials.

[0019] The solvent useful herein may be the same or different from the solvent used in the
production of the silsesquioxane resin. Useful solvents (ii) include, but are not limited to, 1-
methoxy-2-propanol, propylene glycol monomethyl ethyl acetate (PGMEA) and

cyclohexanone, among others. The ARC composition typically comprises from about 10% to
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nmet hod of solvent renoval is not critical and numerous

nmet hods are well known in the art (e.g. distillation
wanenedsent and/ or vacuum). Once the sil sesqui PRENE2005/035236

resin is recovered in a solsd form the resin can be

optionally re-dissolved in the same or another sol vent

for a particular use. Alternatively, if a different

o D555 B RSB PR R 5Bt s

95 wtORY be done by adding a secondary solvent and renoving
the first solvent through distillation, for_exanple.
[0020hd dhe A Eomppositien eansiurher SREPHS? & CHISITalalyss oPYADIC Ui catalysts

o OO P L. €59 B
N
pheny;f k@flath Snd b@@a\})‘g\gﬂg E@)ﬂeﬁﬂs@ﬁnﬁiﬁ R8I TysieiycLeure

e solvent IS reno tHe silsesquioxane resin is
catalystLis @resemt ip an dooent dfapantl D0@ ppracalteyaativelst 309gppnf, beseg]on the total

. . Typi.cal the el.ectronic device is a sen conduct or
Welghaeng’:ﬁé&ewpa%llﬂ% i con-based devices and gal | i um

[0021%%3@&191@11%% fSeMIpHESidnUrERISR f @impésRionfo tHeelectronic device
. nufacture of a sem conductor conponent. Typically,
includehbutches netdiniterpio span-caatingediptcoghing, SEaN-eepiigctloyeonizige pcreen-

pin B Tk BB 4GS TRL A oL 9HRal.coming
invol¥ddQ3BhinkBe Slebiv@nit derded, ut atoar 2000 RPYL, bed hdiing hietARC

different fromthe solvent used in the production of
comppsidonsiol the sepfaceed Hee spimting elegfeomi devigeyent s (i)

i d Li i . .
10022 138 £ S tnd chd i Bl Band fesin is cured o fgrm thp anti-

reﬂecﬁ%%b(ﬁti@g (OR@ENEctaditc derddo ftheaobrat mayrbea gernodved by kndive methods
conmposition typically, conprises from about 10%
such asigging onodyri 1%‘31092%51”6‘&?&1 on the total weight of

[0023{] 8&%2&%&%%%1‘8 HsesHehif CEa EU?’%&CY elBQrdifc d&vidd to% sufficient

ositio urt her conprise a cure
temperatued fps b sufficiena Bumtion teeleahitoaduying s Fonextamide, i theeqpted edectronic

. acids,. phot o _ag] tor d.thermal aci o o
soicSSh 50 B R T BRI e 075 o
of 0.9%815 thirtdsestteratelyf 0PC tA23(AC (62549 2 minutes. Any method of heating

(4-"et hyl t hi ophenyl’) net hyl
may be used during the curing step. For example, the coated electronic device may be placed
in a quartz tube furnace, convection oven or allowed to stand on hot plates.
[0024] To protect the silsesquioxane resin 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. The curing step
is typically carried out at atmospheric pressure although sub or super atmospheric pressures
may work also. ’

[0025] Once cured, the electronic device comprising the anti-reflective coating can be used

in further substrate processing steps, such as photolithography. When used in
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phenyl sulfoniumtriflate and 2- Napht hyl
di phenyl sul foniumtriflate. Typically a cure catal yst

wo goopoesent in an anount of up to 1000 ppm PCT/US2005/035236
alternatively 500 ppm based; on the total weight of
the ARC conposition. [0021] Specific nethods for
application of the ARC corrposi tion to the electronic

photogz?lbc; C%)éxlyin %lbe%g b%é% g ov?r m ttg getf}e%tlvé‘:' Qéatlnﬁo%e ngcess for

forminhg rtl%el‘é%ﬂ ifaich %ﬁﬂﬂs&t(ﬂ}?ﬁoﬁmﬂghﬁﬁlﬁ{ &f eﬁfe&l@dcdiﬁpd%ﬁfbnf@f top of the
plication is spin coating. Typically, coatin

antl-mﬁe@ive eeating: (hiuln@gww@e exrasingahe resigbiiin go raétatlaeg@prozlewn

expof fing A ARG Lt OF oo GRTRAR! © pRByb0 b Mgl TR Hoctve

coatilﬁ reavhél eReorit devitd e patticakayaisefabwithiresist ubﬁ@oslﬁoﬁsothm are
e antireflective coating on the e ectro |c devi ce.
1magwée s¥posed o ygviplet ra@m%weglawgmm ds /v fp 369 nm,
]
alten%? %lk%ra&%oé?t%{hﬁﬁ%rgﬁ%\hh g'isﬁaggelg}i)%fh 5?'1%111218}&1%3%? Once an image
has be¢reprlodaseddn devesist film, shehuf faitefnain btchedmeﬂhahnM-eeﬂa:mﬂvacoatmg
suffijcient drat| toleadto curi.n For exanp

KowpheichigE T LBeY Bhpicdde Frine i Sp s Scicapmggetipnel steps
or rexﬁ?%g%fﬂ?{) egst?ﬁlgf)%ﬁprefﬂgﬁﬂﬁiém-@ﬂte RAdoaMRY Mla%%%ﬁgﬁ%ed to produce

ut es, ternatlve y 20
a devaz@2E€ingahe Gestred architedtnegt es. Any net hod of heating may

002 B A B S B0 SIS Loy ot e

1nverfti(‘>lﬁe Itf Shblii bR aggféﬁiéf’éat ByRoRVERKA indhd vaeht He t8diiched disclosed in
pl at es. 24] To 'protect the silsesquioxane resin

the etmptﬁs whichif wptretsenb(twmq@s disaetesed lutherigvanterita dunction well

t he curl e orned an
i the PSR RS 0 i S Buf ol BLCERHRA T k¥ Rl modes fo
its pristice HROWEr, tHodt begkill 9n thetaFtafienldaindight ghthe phsent disldsire,

it is meant that the environnent contain |less than 50 °

appresipte thatimgny ehangpy ¢an| hegraderia phergpepifimentbodimepenwhirhgre disclosed
and % ﬁalro?)?agtéggg% o%{\gﬂrﬁ%{ }elgﬁlt Mb{?&ie@ﬁﬁl Wﬁle {rﬁ%lﬁg 3tdpe of the

Critica ur| ng s
inverttiomi cal |y carried out at atnospheric pressure although

sub or super atnospheri CE%%EPSL%SGS may wor k al so.

Resin Synthesis

Example 1 T '025T 0307 040 T 0,05, X1 = <(CHz)p-0C(O)Me

A mixture of 120 grams of PGMEA, 13.2 grams (0.0625 moles) of phenyltrichlorosilane,
10.2 grams (0.075 moles) of trichlorosilane, 14.9 grams (0.1 moles) of methyltrichlorosilane,
and 2.8 grams (0.0125 moles) of acetoxyethyltrichlorosilane were transferred to a reactor
under nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of water
was added to the solution of trichlorosilanes over a one-hour period. The reaction was
allowed to body, stirring at 20°C for another hour. The resin solution was then concentrated
to approximately 10 wt% by rotary evaporator at 40°C. Approximately 40 grams of ethanol
was added to the resin solution. The solution was stripped once more to approximately

20wt%. The flask was removed again and the solution was diluted to 10 wi% with additional
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[ 0025] Once cured, the el ectronic device conprising
the anti-reflective coating can be used in further
W@ aiwsheBLE processi ng steps, such as phot ol i t heQr/ERIVYS/035236

When used i nphotolithography; a resist imge is forned
over the anti-reflective coating. The process for
formng the resist irmge corrpri ses (a) formng a film
f resi 1 co f

PGM@éat u?t aﬁjg'lg’% Oél% S%bgl% qﬁ&lprﬁﬁtﬂ[lte g\{d &&eh\ﬁ? a 250

InL}Hﬁq;g&ﬂ@n to produce an exposed film and (c)
devel opi ng the exposed filmto produce an i nage. The
anti-reflective coatings on the el ectronic device are

E)_@_l.%?éé: %npﬂé%' fpgéfg e oomtbr e OvaRte, ?tvihﬁé 2

365
A migcofot ssems ot QM 132 eage 0RSZL I T v diendlsicispogiane,
10.2 %@fh Qﬂbz%?esgﬂf RSO MaSe, qqg’égrﬁfr@ do1¢ @sb1Ed) of hRtttydSichlorosilane,

en a pattern I's etch he anti-refléective
and 2cbgraims §0.0Kifommles) of - (tgtrbmmaihm}al)@hyﬂmchhmumd Weoe tragreereed to a

t he antl-refl ctive c nal e
reactorgiiget et & sabtin 6F 2 s PEREMERand 1D ERes0stas mtes of
watex"”\’::@:st 4dA8d TPihe REILBHR bOFRAIGrSSiRAQIEE 2 @n@-ﬁ&hhﬁﬁ:ﬁ%@V TR réadfon was
desired architecture. [0026] The follow ng exanpl es
allowad ¢o bendyl, stiiishg tab 2@fEhion snathereopr.eThe reeml sehdtiontiwasriben esmeentrated

It shoul d be f
to aplygF il 1By o piu P BRRI G i isb A Bt gg ethanol
was 348dT 188 rovit slhuticdl. |'Thy sbmbﬁmtstﬁ@e& anmmarectb &ppl\oﬁﬁﬁzdely 20
the inventor to function well in _the practic

b of
wi%.t e flpskeas removethagaimang the solytion wias Adwed ip 1wt “with additional
PGM?%; Stihd #)thﬁko%]rx?gs%ﬁ{e %d ﬁ{P ﬁ (Pﬁ laltl&oﬂ PRFEIfiRy ?ﬁ? ﬁgféﬁrm a 250

se 0 In I'irght o
mL HIDEE &6ttledi scl osur e, appreC| ate t hat rrany changes can
be made in the specific enbodi nents which are

di sclosed and still obtain a like or simlar result
wi.t hourh de ti éro Xhes r|t of the
M&gnim 935 1e0a0et £SO PEL) P2y P@%@@E@@‘i TPh
N
A mlxture5 Ttl_!lﬂ) g?fgm(s) ofl PGK/E%&, 13.2 grams (0.0625 moles) of phenyltrichlorosilane,
11.5 grams (0.085 moles) of trichlorosilane, 9.30 grams (0.0625 moles) of

methyltrichlorosilane, and 11.1 grams (0.05 moles) of acetoxyethyltrichlorosilane were
transferred to a reactor under nitrogen. A solution of 200 grams of PGMEA and 10 grams
(0.555 moles) of water was added to the solution of trichlorosilanes over a one-hour period.
The reaction was allowed to body, stirring at 20°C for another hour. The resin solution was
then concentrated to approximately 10 wt% by rotary evaporator at 40°C. Approximately 40
grams of ethanol was added to the resin solution. The solution was stripped once more to
approximately 20 wt%. The flask was removed again and the solution was diluted to 10 wt%
with additional PGMEA. The solution was filtered through a 0.20 micron PTFE filter and
stored in a 250 mL HDPE bottle.

M X2
Example 4: T o 10T 030T 0.55T 20,05, X2 = (CHy),-C(0)OMe
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0 .05> Xl =-(CH2)2-OC(O)Me A mi xture of 120 grans of
PGVEA, 13.2 grans (0.0625 nol es) of

w@b@eybIzei chl orosi | ane, 10.2 grans (0. 075 nol eBQT/U$2005/035236
trichlorosilane, 14.9 granms 0.1 nol es) of
methyltrichlorosilane, and 2.8 grans (0.0125 nol es) of
acet oxyethyltrichlorosilane were transferred to a

A RN S5 RSB SR8 P B s

10.16 g%amsgd) oy ﬁfbles:sﬁ of fricﬁliblr@il@ﬁe |28!56%rﬂﬁ§(0 mﬁnﬁolbg)uff
erio The reaction was all owed t %qmstlrrln

methzl@mblqr@ml@ﬁomde% Theigps (FAE2} i) gﬁHﬁeﬁr qhexypeta trichloro-
oGRS 1500 TR L0 VS0t g gy
10 gra@s (@8sEholes) bwateewhdadkiet ws thersolutioa of alidildrosilanesover a one-hour

stripped . once npre to_approximate owt % Teflask
penoq,th? Eistier wag alloyeda boRs sbiging 3t 8&¥9§%r agofher Bopry She rgsin

oo LA NS, 00 o

ApproximtdR¥P40 @ravheof dixmopwheadited ¢ (Bd&)as’dn @Qlﬁ)iﬁ.MeTHe mlmicurwas

. of 120 grans of P a (0. 0625 les) o )
strlpq%_@ﬁw PR rapPERly 20760% gﬁgﬁéﬂﬁ( BAGFRIOYES agy 3 the solution
was &rlrll'edtt o qut'ﬁ/i) G ad&ﬁloﬁaquGMEA( Ophk %Ntﬁ)ﬁ)wé%fﬁltered through afO 20

orosi lane, and 2.8 grans (0.0125 nol es
nﬁmdnEEEEﬁhnemhbﬁm?énhwﬁf@nﬁhﬂBPEémﬁkne were transferred
to a reactor under nitrogen. A solution of 200 grans
of PGVEA and 10 grans (0.555 noles) of water was added
to the solution of trichlorosilanes over a one-hour

period,_ The reaction all owed to body, stirring at
fIBP ﬂj‘fé{@ﬁﬂ" %%%Q R, Ke&t HCERILC(@®YOMBS t hen

concentrat ed to approximately 10 wt % by rotary
A mirttapof EX00gramb oft POTIEANDP2D gnarmt(GJOQS 4iibley) afiphaniyltetiiarosilane,

was a to.the.resjn sol utio The s ti
10,18 G SHONF Eehlgros ARt FASiEErDs (Dr4 HIR 11 ask
{
methScH RN, RS 5 Bt (1905 Q1dkis) OF2 b bt ludChlorosilane
were ttfansfaged to DreactomimdeonitfPEFE Aisotutionaf @068 grmescbfiRGMEASMd 10

gramlén(’oggz> nEmPe%} ct)% v?réterE\);(vgsn?dd%d %o th-lc- Fs“&lution of trichlorosilanes over a one-hour

period. The reaction was allowed to body, stirring at 20°C for another hour. The resin
solution was then concentrated to approximately 10 wt% by rotary evaporator at 40°C.
Approximately 40 grams of ethanol was added to the resin solution. The solution was
stripped once more to approximately 20 wt%. The flask was removed again and the solution
was diluted to 10 wt% with additional PGMEA. The solution was filtered through a 0.20
micron PTFE filter and stored in a 250 mL. HDPE bottle.

Example 6: T '010T  0.25T 05T 0,10 X2 = ~(CH)2-C(0)OMe

A mixture of 120 grams of PGMEA, 5.29 grams (0.025 moles) of phenyltrichlorosilane, 8.47
grams (0.075 moles) of trichlorosilane, 20.55 grams (0.138 moles) of methyltrichlorosilane,
and 5.54 grams (0.025 moles) of 2-(carbomethoxy)ethyltrichlorosilane were transferred to a
reactor under nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of
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0 .25THO0.30 TM 0 .25 TX1 0 .2 0 Xl =

-(CH2) 2-OC(O)Me A m xture of 120 granms of PGQVEA, 13.2
w@e@i®6301 0625 nol es) of phenyltrichl orosi | anePCWLSH05/035236

grans (0.085 noles) of trichl orosilane, 9.30 grans

(0.0625 noles) of nethyltrichlorosilane, and 11.1

grarrB (0.05 noles) of acetoxyethyltrichlorosilane were

o ST Bl S o 20 e Bfon s

allowd@ o Bt stirkiag tah20°E0for bhtRerdout. Mhe ks sluliGiiwas thes E:oﬂbentrated
one- hour period. The reaction was allowed to body

to approkimately 18wWtXOaordtay expparder atfdle. Apreoximaiely %(bgratnﬁ @hethanol

was a:a@%da{oqg% %gags?)al{lﬁo at’lﬁ'g E@ﬁl&%ﬁ %19 )§fr@&‘f %) ejlgﬂr\é,yttc{o gﬁggxm];lately 20

wit%. e’l" lﬁ‘eﬁﬂ@k v\m&en’ﬁdd&ﬁagaﬁh dddethe eauﬁorswbyﬂﬂm:ad ton(Ewﬁ’xalwdth aiditional
glped once nore to, approxinatel

he
PGMEﬁasTlesa togvsditeaskthrough @ %msfé%wéﬁ%&rssa%ﬁ stoged dn a 250
nﬂ#@ﬁﬁﬁ' %%96mnth addi ti onal PQVEA. The sol ution was
ered through a 0.20 mcron PTFE filter and stored
in a 250 nL HDPE bottle Exanp e 4. TPh 0 .10TH
0. 3qu\/§ 55 2() 2(CH2)2 C( O OweA mxture of 120
fﬁVIST 382 amﬁmms(ﬁfbj)@-@)(oa@Me

phenyltrlchlor05|lane 10.16 granms (0.075 nol es) of
A mlxuurewﬂ 1@0ezithanePGMEAS .2 giapis (@025; m®lend pephengitrichlorosilane,

B REERSL A M S % AT £ R0 80 o

meth TradhidrBsilme, 4nd 4135 8aaisq0.0UP dRlesh of Z-Q@bemﬁhsxz} ehiyBrickddrosilane
%OO gr ans of PGVEA andqlo grans (0.555 nol es) )of wat er

were fiaBsiemerbl9 a rga¢tpuRdsK Ditfogen. oA sphition 0§ £0R erameef PEMEAzand 10

s SRR SsEe ACLAE %050 O AR B0 o

periodaThé havticowaesilovedded body,aiprirgxat2At@ for athlmt Boury The resin
rotary evaporator at 400C. rOXI teI ranms o

solutiop et dhen gaaceiEAs tPé‘PPlf?élf’Paéég'rl 08Pk Yﬂ‘{é UBIOL

Appr¥&ithately 40 grams of ethanol was added to the resin solutlon. The solution was

stripped once more to approximately 20 wt%. The flask was removed again and the solution
was diluted to 10 wit% with additional PGMEA. The solution was filtered through a 0.20
micron PTFE filter and stored in a 250 mL HDPE bottle.

Ph . H Me X3
Example 8: T "025T 0.15T 0.45T 0.15. X3 =-(CHz)2-(OE)7-OH

A 10% PGMEA solution of TPh0_25TH0.30TMeo_45 resin was prepared via the co-hydrolysis
of phenyltrichlorosilane, trichlorosilane, and methyltrichlorosilane at 20°C. 5.00 grams of
the 10% PGMEA solution of TPhO_25TH0,30TMe0.45 and 0.128 grams of mono-allyl

polyglycol (DP=7) was mixed into a reaction flask. The mixture was circulated through a
platinum catalyst bed at 50°C for 18 hours. The solution was filtered through a 0.20 micron
PTFE filter and stored in a 250 mL HDPE bottle.

Ph . H Me X3
Example 9: T 25T 0.10T 0457 0.20, X3 = -(CHp)2-(OE)7-OH
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stripped once nore to approximately 20 wt % The fl ask

was renoved again and the solution was diluted to 10
wowesmbI3k addi ti onal PGVEA. The sol ution was fPECT/E8md5/035236

through a 0.20 m cron PTFE fijplter and stored in a 250

mL HDPE bottle. Examp le 5: TPh O .i OTH -(CH 2

)2-C(O Ove A m xture of 120 grams of PGVEA, 5.29 grans

(0.025 nol es) of mphenyditri gjd orosi | ane, 10. 16 gramns
A 10‘(/ocP<®M§Am1@tgn offT t p2shl @3dsi loas éeﬂwasmeeara%w(fbe godydrolysis

e ool AR5 s L s o
e B S S 55 v B Gl
P3RS bR SR S SRy bt

catalyst béd htHD°@Ford@Houk L Th8REKAEH Wae ﬁntereahn@ougl@a 0.20Ghi¢td1OPTFE filter
was then concentrated to approximately 10 wt % by

and stagechinyg 250apbAHPBE battle4C0C.  Approxi mately 40 grams of
et hanol was added to the resin solution. The solution
was stripped once m)re to approximately 20 wt % The

Exarﬂﬂé&i'@@%?fh&%ddl ?? dnal %%G%EA &?ﬁgfz i ondi/vlagt -
RN R SR T
of g SRR RS i anes%méfﬁﬂ&%d%%mg@% Pad 000 fams of
the 1?‘9 qi%/@ A & t%'noo%'llpg(r} g%TIg 4T 83%@9 g50fnﬁbﬁ(§‘-)all9lfpolyglycol

or osi | ane
P YA 0000 e o

catalysh bed atéé)&@ dor ]L&imlmrs dihe rsolglann was Sidteretitimougli a 200 myiczorsPTEE filter
a (0.555 nol es) ofwater was added
and #‘He‘fl%vea% ﬁ}bﬁf’gﬁﬁ {{&r chl orosi | anes over a one-hour
period. The reaction vvas aIIovved to body, stirring at
200C fo anot)lf'i HSI\LA resi n solution was then
2%

Exan§s18 ¢ &Nk lzbtl%df bﬁés 103 wi-(G1Y), 1(OEY-OH

evapor at or lplrom mately 40 grans of ethanol
A 10% PGMEA solutlon of T 0 25T 0. 25T 0 60 resin was prepared via the co-hydrolysis

of phenyltrichlorosilane, trichlorosilane, and methyltrichlorosilane at 20°C. Next, 120.00
grams of the 10% PGMEA solution of TPho.25TH0_25TMeO_60 and 3.48 g of mono-allyl

polyglycol (DP=7) was mixed into a reaction flask. The mixture was circulated through a
platinum catalyst bed at 50°C for 18 hours. The solution was filtered through a 0.20 micron
PTFE filter and stored in a 250 mL HDPE bottle.

Film Coating and Characterization

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 micron PTFE filter and then spin coated
onto standard single side four inch polished low resistivity wafers or double sided polished
FTIR wafers (spin speed = 2000 rpm; acceleration speed = 50'00, time = 20 seconds). Films

were cured at a temperature (200-250 °C) for 90 seconds as indicated in the tables using a
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was added to the resin solution. The solution was

stripped once nore to approximately 20 wt % The fl ask
wor®enesoved agai n and the sol ution was dil ut eBCT/OSH05/035236

wt% with additional PGQVEA. The solution was filtered

through a 0.20 mcron PTFE filter and stored in a 250

nL HDPE bottle. Examp le 7: TP h 0 .i OTH q.3qTM e

rapid B 525Té<r ﬁéesgl}ng SZ,V@_ %gg%%e%g%%ﬁg Irégsf}lgrg{h‘iacl&fess, refractive

indexPR@W Al GBleQletfmliideusinkla 1,61 OWaoBarh @11HESmEtRt. &) thickness values
trichlorosilane, 19.62 grans §O.131 nol es

of
recorghast Wetet the @verege ef nigeneaghrpmentss PEIMEA r@@ﬁ%@l}@ diothe fjlmppfter cure
- (car bgnet hoxy Gl ' d
vas i GRRASPHIRE IS USOLRESSALBRRNR frd LABSHOLERola o
minuRf LEAVEAs@NAThO iy aagsrdnd. @O% mmaiasthydiminehinm igdradde (TTMAH)
to the solution of trichlorosilanes over a one-hour

resistpraeiagigr cumgevasaigtarmied ysmeastaing thet fmyhisknessihangeppfage and after
f r : : bSOl |ty O

ARG Conc RS e BB HSBERRERINY, Lol W measurements

usingevaoandira¢thplenel {ddide aAApijyualsi wat abed t6@alpultsthe erititdlancthee tension

was added to. the resin solution. Th ol ution, was .
of wefting eiag te &ismaprapPrQachy p‘}lg of the %‘F?‘? S gade Fram fhe, dhove resins
v [ t [ A | t
were {SRIAPR SERPRr ST MlonDR gl o0 ¥BBnHL Shfiep, REEY and cCI

Resulthare g able 0.a20 Tabkron PTFE filter and stored in a 250
mL HDPE bottle. Exanple 8 TP h 0O .2 5THo .i 5TMe

OAS ALS, =-(CH 2 )2-(0E) 7-0OH A 10% PGVEA sol ution of
T 0.25T 0.3gT 0.45 resmwas prepared via the
co- hydrol ysis of phenyltrichlorosil ane,
trichlorosilane, and nmethyltrichlorosilane at 200C,
5.00 grans of the 10% PGVEA solution of TP h




0 .2 5TH o .30TM eo0. 45 and 0.128 grans of nono-allyl

pol ygl ycol (DP=7) was m xed into a reaction flask. The
woroob68B21nas circul ated through a pl ati num cat BE 582008085236

at 500C for 18 hours. The sepution was filtered

through a 0.20 mcron PTFE filter and stored in a 250

nL HDPE bottle Exanple 9: TP h 0 .2 5TH o.ioT Me

0. 4570. 20, hCH Rik2x EP( ) 7-OHA 10% PGVEA sol ution of
TableTl: OE‘Zaiqat@IJSIﬁ'TT VESTr e (X eestep SEpE 605 a t he
CO- h\/"lr olvsis of n\ll trichlorosilane. ‘
Reginch| o a'neTh n&Nﬁ‘éﬁ hylsqffat?ﬁl or dsThafer of Acbeafter
D of zt he G\Eﬁi f : E/ITA'H A
EX%‘%@%T T%%gmg A %z@-al y ggol yq%gg{ ('Z%BDP:%z vvaé )
m xed| 1 25 a rgmtl org5¥ | ask.33lkhe m xturle was
circufated throught a platfi num catal yst bed af 500C for
18 holir s225The uti on wals filtergd through g O. 283
m crop P fi %%?%r angk stljored in a 250 HDPE bottl e.
Exam p I%%EO h Opg.%l OTH o0.3gTM e 0.55TX B 0. (b, X
3 =-(CH5 )2 27183 7-OH A 10% PQYEA sol uti op of T0
0. 25H-0-351-0-45—resmnas—prepares ~-a—t-he
- hyHr 023si s| M8pherdA t rfi chl or osi|l aneld
trichloresg | an d methyltrichlqrosilane af 2008
120. 0p g?%jrrs 0?083‘;11 10% HGVEA sol ution of T P. 25T
0. 3qT| 0.2% 3. BB03® of 8fbno-al |l yl pgl ygl ycol (DPP=7) was
m xed|in a rg tyon flask. The i xture was
ci rcul at thr %h a pl atf num cat al yst bed at 50089  or
1§ Nofir Sp50The fgyou fon was firtered thigpugh g 0. 20
m crop PTFE fjlter| and stlored in a 250 nL HDPE bottle.
Exam p 12501: [ 9P h B210 THH .25 T Mo.6QT X 610
05 —K—3—=—F 22— OF)—7F—OCH
r 250 ‘[2022 \ 49
250 2041 34
5 250 2487 1
250 2485 85 37.1 44
6 250 2107 42
250 2118 92 30.9 34
7 250 1908 3
250 1898 | 87.7 30.9 52




A 10% PQVEA sol ution of T 0.25T 0.25T 0.60 resm was
prepared via the co-hydrol ysis of

w@b@apbizei chl orosil ane, trichlorosilane, and PCT/US2005/035236
methyltrichl orosilane at 2003 Next, 120.00 grans of
t he 10% PGVEA solution of T 0.25 0.25 0.60 a 3.48 g of
nmono- al | yl pol ygl ycol (DP=J) was m xed into a reaction

Tatle 37 Bt il B 5GOC o036 HERUPHESb Ut | on s

H 0O 20 s I'\'I'I_E-Fi taor Aand ot nr ad

i Do Bake ToRh pd VA F s méTélr?é’Eefw “AThafter
Ex6hlealt eshpati Qi) The Ahdien ¢oaddrg® [OPGWRE LK)

prgcessed %n aqKzzlrI Susés cre2 s%}lgn coaterr( he resngw)

PGVEA s(ﬂ@)lcn was fir€ f{ltered|through a Q.2 micron

P e+ ag-—tHher—sptrA—toated—anrto—-siandaid—si
sﬁzd L%SBI n¢h Qﬁ%lshed | ow resi stfi vity’ waf efs or
doubl e gi50ed | posqehed (f/d1 Rl wahgrs [(spin speed = 3Q00
rpm @acceleration gpeed = 5000, tilne = 20 sedonds).
9 | ms| webhe cj“r%%@at a tenperature |(200-250 0¢) for 90
secon d ih the t eq using arapid

t her nal 2%@oc gfﬁt (R’I% O/el‘?%\%th a nitrogeﬂp ga§9
porgel Dbge Ti Img(hl ckness, [ refractfi ve bgdex and K

val uel were de¢termned using a J. A Wollam
ellip o%f)er 3% tlhi 8kAess v3Rued recorded Wwere6bhe

i stterents—PavEATreststange—of—the
fllmaft§P @% det erm ned by rreasaplngthefllm
t hi ckneszsochangpgd)efor@, ang afiter |PGVEA hol d|(ong7y
mnutle) and tinse (IDTh in Angstrom (A));
tetramet hyl ammoni um hydr oxi de (TI\/AH) resi stance after
cure was determ ned by neasuring the filmthickness
change before and after TMAH hold ( one m nute) and
rinse (DTh in angstrom (A)). Contact angle
measur enents using water and net hyl ene iodi de as
liquids were used to calculate the critical surface
tensi on of wetting using the Zi sman approach. Al of
the cured filnms nmade fromthe above resins were
conpletely stripped with two commerci al wet stripping
solution NE89 and CCl. Results are in Table 1 and
Table 2. Table 1: Evaluation of T ph T
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HT M T x (x e ster group) resinsTable 2: Eval uation

of Tph THTMTXx > (c > PEO group) resnsCLAI M5
WORWE/0632CLAIVED |1S: 1. A nethod of form ng anPCT/US2005/035236

antireflective coating on and4el ectroni c device

conprising (A applying to an el ectronic device an ARC

conposition conprising (i) a silsesquioxane resin

having the formula (PhSi - OH) )1n HS 3. x)

(OH) x )n(MeSi (3. x) (OH)x)P 3. xy2(OH) x )qg where
Ph is a phenyl group, Me is a rrethyl group, Ris

wWHAEIScredMEPNEest er groups and pol yet her groups, x has
a value of 0, 1 or 2; mhas a value of 0.05 to 0.95, n

1. A'E}‘ﬁ%lggd Xiatcl)%i %geﬂg tl'g %c%tmg g%ég?egﬁgﬁld%g%ce gcnggrﬁlﬁg

(A) élpplymg tcﬁ am acleatraﬁb devite arBAR((dmpositionicompiisidgsol vent
? g.the sil sesqw&xgne resin to form an
)waeg&tl?weé%sa%h%% Wt ectronic device.

(PhSi0(3-xy/2(OH)x)m HSi0(3.x)2(OH))n(MeSiO(3.x)2(OH)x)p(RSiO3.x)2(0H)x)g
where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 to 0.95, q has a value 0 0.01 t0 0.50 and m+n +p+q~
1; and
(ii) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device.

2. The method as claimed in claim 1 wherein m has a value of 0.10 to 0.50, n has a value of

0.10 to 0.50, p has a value of 0.10 to 0.70, and q has a value of 0.05 to 0.20.

3. The method as claimed in claim 1 wherein in the silsesquioxane resin less than 40 mole %

of the units contains Si-OH groups.

4. The method as claimed in claim 1 wherein in the silsesquioxane resin 6 to 38 mol % of the

units contain Si-OH groups.

5. The method as claimed in claim 1 wherein the solvent (ii) is selected from 1-methoxy-2-

propanol, propylene methyl ether acetate and cyclohexanone.

6. The method as claimed in claim 1 wherein the ARC composition contains 80 to 95 wt% of

solvent, based on the weight of the ARC composition.
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2. The nmethod as clained in claim1 wherein mhas a

value of 0.10 to 0.50, n has a value of 0.10 to 0.50,
w@2as6s2val ue of 0.10 to 0.70, and q has a vaPCEUS$005/035236

0.05 to 0.20. 3. The nethodigs clained in claim1

wherein in the sil sesqui oxane resin | ess than 40 nole

% of the units contains Si-OH groups. 4. The nmethod as

7. T B o Do 2l Ch i e PO, B, QR al Sl o
cure ddislyseet hod as clainmed in claim 1 wherein the sol vent

(ii) is selected froml-nethoxy-2- propanol, propylene
met hyl ether acetate and cycl ohexanone. 6. The net hod

5 TRSRERSATER P SHECE B (TR Ry i

coatind. t he ARC conposition.7. The nmethod as clainmed in
claim1 wherein the ARC conposition additionally
contains a cure catalyst. 8. The nmethod as clained in

9. Ti Abifibd a&@l@fn?éﬂn%ﬁ%mﬁ?&ﬁ&@%ﬁ§ lsxfléeg’{rl}e&c)f&ng Qt%:lljla ﬁ%ugéﬁ by heating.

spi ncoat i ng
wherein the sil sesqui oxane resin is cured by heating.
e, nethod as lalned in clajm9 wherein the
10. gt oft Fostaimed 8 i ovisseia 4o, lofRabionsge Hsinis cured by heating at

atemb&mﬁémm@@aﬂga&fhgomws% 1500C to 2750C. 11. The
thod as clained in claim1 wherein the

S|Isequ|oxane resin |s cured by heating at a

11 TUETRERLEY Gt S pefri i eiehi g rin s cured By heating
aten@bﬂaaﬁéﬂmh@m{g@dfgemﬂoszsoec ed by heating in an inert
atnosphere. 13. A method of forming an antireflective

coating on an el ectronic device conprising (ﬁo

12. ﬁfé%é{h&gast 8%19%(1% 3@ h§ %l‘fergg\fllle SIR a%ﬁ%{}% ﬁe@ nis 8ure8 %y heating in

sesqui oxane re
anuﬁmMﬁquQPhS(XS X )/ 2(OH x)m
HSI (3. x)/2(OH) x) n(MeSi (3. x)/2(0OH) x) p(RSI (3
.X)/2(OH)x)g where Ph is a phenyl group, Me is a

13. ARlefod HTOAng B biftirsfE&SE @batddo5 ﬁf’élgd'trogﬁco&&f’ceac%%prising

(A) applying to an electronic device an ARC composition comprising

(i)a silsesquioxane resin having the formula

(PhSiO(3-x)2(OH)x)m HSiO(3-x)/Z(OH)x)n(MeSiO(3-x)/é(OH)x)p(RSiOG-x)/2(OH)x)q

where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 to 0.95, q has a value 0of 0.01 t0 0.50 and m+n +p+q~
1; and |

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

(C) forming a resist image over the antireflective coating.
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pol yet her groups, x has a value of 0, 1 or 2; mhas a

value of 0.05 to 0.95, n has a value of 0.05 to 0.95,
w@2ivases2rval ue of 0.05 to 0.95, q has a val ue PET/0SDA5/035236

to 0.50 and m+ n + p + q 1;16and (ii) a solvent; (B)

removi ng the solvent and curing the sil sesqui oxane

resin to'forn1an antireflective coating on the

14. fllher%t'h § ]G]Tdagls{%do & cl004 3(@&% ﬁrt 1s’t31 n?%? over

e an e I've coatl ng

| n(ay farinihg 3 finh of & rasist Bempesitici on t‘@gﬁ’ théSarftpfelﬂe&l%)/coéﬁl)lg,
formng a filmof a resist conpgsition on top of the

anib) ipegavise gxpesipg the ragst fil B) toj rﬁ%}@%ﬂm WepresyssnirgPesed film;
( C@b géveflc%ﬂn% hg eg(ﬁ(gs'eatf'hﬂ% Ghafld exposed film

eve expose 0 produce the imge.
15. A net hod of forn1ng an antlreflectlve coating on
an el ectronic device conprising (A applying to an
el ectroni c device an ARC conposition conprising (i)a

. ALY RS I ATORH S SEEMAEISS ol
(A) qupéyi;ag tgaoelpctrdvic device am&RgZI cogrp(osinipn Romsrisiagect ed from
T R s AR e ey BRaloe ABtD 0. o5, n has a val e
EEER O Tt RO AR om0
s%s%gtgli} |1§)§ b %gyouﬁ gl\[%q?o%%lt n an@ prﬁe Fjélé tig(b% o sstef § fg P and

polye@hertdreus| 2bhy Dvdlae 6,i108:2; hQ)asfaWeﬂmm@“ (R03 ©0.93, n lB@S/alue of
over the antireflective coatln and (D) etchln a
0.05 fR-P2rmhasig wafue of 905 todk e athaye V\aluemf 04 to . Sf%mm tgf tptqw
]'anéorn1ng an antireflective coating on an electronic
evi ce conpri si ng
(i) a solvent;

(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating
on the electronic device;
(C) forming a resist image over the antireflective coating; and

(D) etching a pattern in the anti-reflective film.

16. A method of forming an antireflective coating on an electronic device comprising
(A) applying to an electronic device an ARC composition comprising

(i)a silsesquioxane resin having the formula

(PhSiO(3.x)/2(0H))m HS10(3-x)/2(OH)x)n(MeSiO(3-x)2(OH))p(RSiO3.x)2(0H)y)q
where Ph is a phenyl group, Me is a methyl group, R is selected from ester groups and
polyether groups, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n has a value of
0.05 to 0.95, p has a value of 0.05 to 0.95, q has a value 0f 0.01 to 0.50 and m+n +p+q=~
1; and
(ii) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective coating

on the electronic device;
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(A) applying to an el ectronic device an ARC

conposition conprising (i)a silsesqui oxane resin
whaoosiessthe formul a (PhSi Q3. x)/ 2( OH) x) m HSIi OQ(BCRYPS2005/035236

2(OH) x)n(MeSi (3. x)/2(OH) x) @fRSI (3 . x)/2(0OH) x)g where

Ph is a phenyl group, Me is a nethyl group, Ris

sel ected fromester groups and pol yether groups, x has

of 0.05 to 0.95, n
© fﬁmﬁﬁég %éﬁa élm}%%%}% anﬁ%éf%%tlé'e (\!(ﬂalnﬂga value of 0.05 to
D) eﬁ:hﬂfgagatteasuﬂhvahwﬁeftebu@eﬂhtamdo 50 and m+ n + p + q

1; and_(ii). .a solve and ving the sol vent
(B) reh et ags FELE RGOt SR 1 0 f or m an
antireflective coating on the el ectronic device; (C

form ng a resist inmage over the antireflective
17. AwARGepmpddjticatcohipniging pattern in the anti-reflective

: Lﬁé)“% SR ROE R Vb RTREC composi(ion
lmﬂ é)/%r@ﬁé;c)) d @(l Ses@%ﬁxﬁ%{)ﬁs{ (3-x)/2(12)a}'1l)x51 ?Rl;h 3-x)/2(OH)x)q
ﬂ%%@&é%é@%%ﬁm Fuof 1O i e o estr groups and

polyetiestr pydupg)0has, a VlusofiE e eeh Kasermahsd &0, @H @Up% alhs a value of
ol yet her groups, x has a val ue of 0, 2; mhas a
0.05 {;> %ria pdias@. voBiead 0g5gs 0.95, Hdws a velak @éO@ﬂ t@0(59 and M0+95+p+q~
l'an? has a value of 0.05 to 0.95, g has a value of 0.01
0 0.50and m+ n+p +ql ; and (ii) a solvent. 18.
Thé#) aestpesti tion as clained in claim17 wherein mhas a
value of 0.10 to 0.50, n has a value of 0.10 to 0.50,
p has a.value of 0.10 to 0.70, and q has a val ue of
18. Ty opgaiionts oo ARIER PRI A B8 £\ LB 10154 50D has e
valuernflOel (%o X 5@, hehasra \tasl;uemfr(]'.kﬂ 109).B), abHqdaeupalue of 0.05 to 0.20.

19. The composition as claimed in claim 17 wherein in the silsesquioxane resin less than 40

mole % of the units contains Si-OH groups.

20. The composition as claimed in claim 17 wherein in the silsesquioxane resin 6 to 38 mol

% of the units contain Si-OH groups.

21. The composition as claimed in claim 17 wherein the solvent (ii) is selected from 1-

methoxy-2-propanol, propylene methyl ether acetate and cyclohexanone.

22. The composition as claimed in claim 17 wherein the ARC composition contains 80 to 95

wit% of solvent, based on the weight of the ARC composition.

23. The composition as claimed in claim 17 wherein the ARC composition additionally

contains a cure catalyst.
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20. The conposition as clained in claim17 wherein in
the sil sesqui oxane resin 6 to 38 nol % of the units
W@ WbAa633265i - OH groups. 21. The conposition as PCHUS®OS/035236
in claiml1l7 wherein the solvu@nt (ii) is selected from
1- nmet hoxy-2-propanol, propylene nethyl ether acetate
and cycl ohexanone. 22. The conposition as clained in
' : i | 1o C i 5
24. Pdopblitias Elitnd 1 A PPEROTIER I uf A Bl i e group
is any orgao®i substituer? 8ontdinéngrat igpetord e3ter disnctibaalited i n ¢l ai m
17 wherein the ARC conposition additionally contains a
cure catalyst.24. The conposition as clainmed in claim
2. R i B BT i P FBh e lPR
polydtherroumialah bygankSsubdihent bawinshydrocarben wiinilinked iroudipégen
17 wherein Ris a poyether group and the polyether
group i s an organi c subsituent having hydrocarbon
units linked through oxygen atom 26. The conposition
as clainmed in claim25 wherein the polyether group has
26. Theecomposidion ae clgim¢dinz) i oMy rbina®Rpolyether gionp hasth? stracture
o012 b=21to6; ¢c =21to 200; R is selected fromH,
Sl'(Cﬁzﬁg[p,(CHQ)b&n%nwbergirb@ﬁ32_to 12;b=210 6; ¢ =2 to 200; R’ is selected from

H, alkyl, or organic groups.

atom



