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WD 2006/ 065316 PCT/ US2005/ 034677 1 METHOD FOR FORM NG
ANTI - REFLECTI VE COATI NG DESCRIPTION 5 [0001] Wth

WO b@em6dstiée nui ng dermand for snaller feature sizBST/UR20NE34677
sem conductor industry, 193 pmoptical |ithography has
energed very recently as the technol ogy to produce
devices wth sub-100 nm The use of such shorter

wavel en Laht ' t

antiref I%ET%J} E@&FQWW‘W@&‘?@W@OW% ion

on the substrate and danpen the photoresist sw ng

cure by absorbing light that has been passed through

t he photoresist. 10 CorPEBERAPTIOAvai | abl e

antireflective coatings (ARC) consist of both organic

and inorganic materials. Typically, the inorganic
[0008R0Vithhetoneixitingi den@ad doraheller Ratusé €inés initlke deMicdi@netdr industry,

and is subject to all of the int egr ati on_di sadvant age
193 m emqabh%ogr@p@ghwrg%@rb Fegsntle asthe teqhaelagy Emé%e devices
with 3106 oY TP S huBf BERE A0 B FURTUAERS ol oo
ant1rsﬂad:mte icvating (BARC)ga med:ucp et reflegiotiton tAs sabstrats ahdl dampen the

material that offers i ned advant s of .
photprgsishsPe C%ﬁi’y fa}ncg]l q%‘a@ e Pagsg Hmra%ﬁﬁagéqtm@alst
Comh%gagl]ly Jisblk Bﬁﬁ%&]’e@t‘i‘ve%ﬁﬁ srtfﬂitf? <§)h§1§1.e<§fq§6ﬂf36‘xg£‘1ﬁc and inorganic

resins that ex antireffective coating operties
matefials. ﬂ3®1caﬂy IthghtorgaﬁheABCaw&nch@(hﬂmtgomd emha"esmgm nse(hVDebased
Str ere val d the |Ise
and R SUbRBE A o i bERpER cish e 3 it fpofEb o hGanic ARC
matePlaRSE8 ﬁﬁ)h@& b@ s?mddﬂ cesd aAY Rave bxtBfers ilISA8 PneXAARN properties,
resin i's essen or the desired cure properties_an

but syffer ﬁommopr ¢toh selectivitydo ooRnin phROresiste s resyltp@ ositerial that offers

ti thiseinvention pertaing
the o gibiedisdimdety B LERN] OR BEEHE AR bkBia BEHhGlesicec
[0002FV IThE if@MHOh petiging K) silBEyaLivk g feing that bidbit atireflet@ive ¢Oating
an. ARC conposition conprising (i)a silsesquioxane

Propeies ForHAY mm;hslﬁe T#l@t?%ﬁl@@@%(%l@g%@%b@(rewsl phihe removal stage

and t'ng nyﬁgqlg?r)%agu% % %g@ #é M{?llﬁr?e F(t)ojr%uogh é&dﬁﬁ ﬂcé o?a hydride

grouﬁ in theailsquibxdresesin weﬁsetmabfor theldesired Gu@@rop&rti’eaand strip-ability
ue of 0.05 to 0.95, p has a value of 0.05 to 0.95,

asa quma tefal-1 . and (ii) a solvent:; and 30 (B)

[0003F ”Wbﬂgcﬁlﬁechﬁq{ﬁéfﬁbn?yeﬂalﬁyfo' I9ethB8 of ',férﬁﬁlw % ective coating

resin‘to forman antireflective coating
on an electronic device comprising

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

(i)a silsesquioxane resin having the formula

(PhSi0(3.-x)/2(OH)x)m HSiO(3-x)/2(OH);)n(MeSiO3x)2(0H)x)p
where Ph is a phenyl group, Me is a methyl group, 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 0f 0.05 to 0.95, and m +n
+p= 1y; and
(i1) 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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on the electronic device. WO 2006/ 065316
PCT/ US2005/ 034677 2 [0004] The sil sesqui oxane resins

w@ egosoeBial in formng the antirefl ective coatPOUREN®034677
the formula (PhSi Q(3-x)/2(QH) x)m
HSI O 3- x) f 2( OH) x) n(MeSi O 3-x) 12(OH) x) p where Ph is a
phenyl group, Me is a nethyl group, x has a val ue of

[0083] Tﬁ% ?I?SBS%E ){lﬁg 6&3&? 4§ fggfnai%\rllgﬁj ifle %tﬁé%%c“ﬂivg %@atﬁng have the

d
o - giuts Pr5igy® )5.%“%%3% e G
Wher9§ i€ ¥Ry Eerodh, Ve 1Pa bt gdup| L8RS Véﬂﬁ@of 0,1 or 2; m has a value

sesqui 0xane resin may be essentially fuII
of 0. @t'owdb%s achasn vzrhly of®.05rib 9.95ap hiash Vylue oﬁﬁﬂé ﬁs@425 wemtn +p~

L Al SO SRR B DR Rt oEBDSSEREE s o v

of 0 f(ﬁ{b gnghoul d contain Si-OH groups. Hi gher ampunts of
"these units 10 can result in [nstabilit% in the resin .
[00034n dThmsalsésquhman@reshfmgsebfsessai}tmllo’efuﬂy cgndensed@r mistyebeogndy partially
the ,u e Sil sesqui.oxane re3|
condigtip SAep S| RF BT P BR AN SPAETRE o fhe 4 or e
umtsfﬁ'{ %eaﬂgesﬁﬁioﬁﬁl% REINWBbEA o tMy) SilOHgh6eupsa Migher @fnoﬁﬂ@ olf these units
00 and preferably in the range of 500 to 100 .
can ra:*,Lﬂtenmmtabwleuyyn ﬂwesl@ andthgdormaticpod BelssiTypicalu b dx é% @ﬂo ¢ % of

the uflJ[ef tgau s%gcguéox Lol DBYail %r?i%?gl%'ubé i ed by, but not
[00067P h'$h&B1s33 i N rést ISiaGi ZhtRvE g0 nidi¢dMbBwERH2 Y 0Iv) Gr the range

of 500r 400800 3ed Prsfarahly i thrEanecsf épe(méﬁ)w?% elippstiaisy 84 9 0-000.
[0002]2) glése\_éﬁlﬁf»?ane désglbéﬂgﬁqg&qlr{)ﬂﬁy"gg Qxe #bﬂgﬂi gg‘?%ﬂio
Thgh%?g%)é%aw s)gmﬁd]!;/zwﬁ-&o‘fh@@b?/% d16—00'7 e-_ 1. [0008]

ane resi'ns may be producéd by methods
éb%&gsl%@aﬁﬁ@%ﬁwe@m GREPGEROGE: oane
herte?n{]% fé@t‘eh?{!mﬁféh%% aﬁé} $letifl 08fs 2pANPR¥l< 0.50,0.10 < b+ d +e <070,

oxyS| ogen trial oxyS|Iane ’and net hyl

0.10krd -alikoxy 81702006 < &bema,tmal ybthey dnvagmbe pr oduced
by the hydrofy3| s and condensati on of a_ phenyl

[0008] i The silsssquierse rm@rm@ebﬁ rrefhegeddygnsthedrekngig indhaart. For
exmq;i}ﬁ%géf% sgssqbl}c%%ﬁ ely r})“:fo&dcea gqﬂé H\}&ﬂ@lgflg G5d Qoﬂcﬁnsatlon ofa

he presenc vent
mixtdfe 64 ﬁtﬁﬁjﬂ&n@lk@ﬁiﬁl@n@ lhy&ﬂogelﬂﬁi”a’&ikcﬁ@bﬂz&mand rathyd amikmasﬂane

AltermavelE YRy RroReEcduan wBPaa e GoRdfasation'of  pher!
R PR o,

[0009])t ﬁ1he \ﬁﬂﬂegd[lhoxzefneseﬂm @&ntypically 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 reaction may be used in producing the silsesquioxane resin. The solvent is
generally used in an amount of 40 to 98 weight percent based on the total weight of solvent
and silane reactants, alternatively 70 to 90 weight percent. The reaction may be carried out as
a dual phase or single-phase system.

[0010] Useful organic solvents may be exemplified by, but not limited to, saturated

aliphatics such as n-pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as
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and silane reactants, alternatively 70 to 90 wei ght
percent. The reaction may be carried out as a dual
wW@b@sm6316 Si ngl e- phase system 30 [0010] Usef uPCDU§ZNG/34677
solvents may be exenplified by, but not Iimted to,
saturated aliphatics such as n-pentane, hexane,
n- hept ane, and isooctane; cycloaliphatics such as WO
cycl%g;g %/8%21)152 algzl(?}éea?({alﬁjfast%%gns/‘ugg §%0L7as r61%f3\241§1|1 gﬁl%ﬁ geﬁlg I%esﬂylene

etheX¥Lh &S, tett@BidtfhRMe dioxichethslefe glycalsditityl aetheel r eyl éx8glycol
di oxane, ethyl ene choI di et heyl ether, ethyl ene

dimeghy} edher; kgiomgs pih aétnpféby ispltyHestora QMBI aﬁétcwlph@@agw halogen
subsﬁﬁ]ke%rb?kagl%@ 5@1 r | C {atﬁg'r?ex ?ﬁ%ﬁgnat%rg&gﬁcs §1§ blt lﬁ%o%gnzene and

anes su or oé enate ar ons
chlogibeiizeas ebfeﬂmithh g mbutmdolﬁltyﬂatmﬂt;ﬂopﬂ meopresdte r sefulcdilicone

as isoputyl is yrate ropyl pt.opronate. Usef ul
solventy gy e cXegpp! #Q&%L@ L}w 5@ ﬁ?)FYCflﬁcé&OW‘eS ot

octafnbfﬁgfﬁzaﬁkﬁ‘cy Cc{;clg?g ta?% g@q&g{%ﬂﬁrl@éﬁfﬂﬁﬁﬁsﬂoxme A single solvent may be
useddneaarmtuhg/bﬁgod:i/@maﬁbe uwsedane. A single solvent may be

ed. or a,. mxtur so) vent s ma be u ed. 0111 The

10011 D ST 5a i 15 TR b e Fes e B GarIpd A iy

tempeRitlire 86 1 Rdlasat ddRhot dullsd ﬁ?ﬁﬁ&ﬁ{tlg’eﬁatﬁfh é&aﬁseaﬁmhg o@l%s
not cause si gnl fl cant ge tl on Oor cause curl ng 0

sﬂseslulwgqmsgu aheplcr@bn the reagtisinda chuyiet oot atedempemturgin the range of 5
o J eraturelntherange of 5 Cto
Ctol@%)r gew\#taﬂlbé% é‘gg?suerde suggested. [0012] The
[0012] MEhé BmEab mrhhﬁme%ﬂkesmwgar@&asiﬁ iy @&peiddnbusteRemaadr of factors
upon a nunber of factors such _as the tenperature, the

suchyag e tamperatiseihe Bibeand ameunteo silanareactaiy and dheraimt obgatalyst,
I r

e ey e RS g B AP g R385 i) O e

in the arttwik baablewb r¢adilg detetrrint the iadinkgesstey ey cunmslett hiee te'acﬁi)n.

[0012}? ﬁggliqv{/%g tcgmc qglglnﬁ)tg i@{r?%ﬁi)fel ctio ngtgpgzg/ 3 E@lgz!tl? removed

MetiRRis 'f&r}?ﬂlnb%n ‘%ﬁ@é’eﬁ&i st a%&a@ggo&%t %Mﬁﬁ%lﬁa‘ﬁlcﬁﬁ(aﬁleﬂﬁathzatlon

are we Wlntear I ncl ude
strippiagtor aatez staslping or sembipgtiong thereatat dihe watslystmaypnegatively impact the

shel{ 5 3E OB L e b Frrel iop BB v T ogsested
[0019F PEEihe !plrdbemﬂ nidklrlﬁ(?hé@lls@ﬂpﬁ&éﬁe irdstn, %ﬁ&%@ Eealcﬁon is complete,
suggest ed [0014] I'n the process, for mnaki ng t

volatiles 2@y haroReved frcerg ithe, silagsquroxpngresiagetution unéercr@dmeé pressure.

Sucl\g/\gcilﬁtl%sl 1ﬁﬁ3§a é]rcgg Cm Cpégc? d.J rg)?églsg Qv%te%l | ﬁ‘f sglflgg q%gl%rfc %Rl dn

(chldraﬁlaueiﬁ)u@ésy ahd5ol Dt rMém@aﬁor exf6%ag Yelatles afedndwysh the art and
lLw‘%drochl oric_acid (chlorosilane routes) and sol vents.
inc

t foperargpde, digiisliong vol atiles are known in the art
[001%1‘ d Following the reaction to produce the silsesquioxane resin a number of optional

steps may be carried out to obtain the stlsesquioxane resin in the desired form. For example,
the silsesquioxane resin may be recovered in solid form by removing the solvent. The
method of solvent removal is not critical and numerous methods are well known in the art
(e.g. distillati'on under heat and/or vacuum). Once the silsesquioxane resin is recovered in a
solid form, the resin can be optionally re-dissolved in the same or another solvent for a

particular use. Alternatively, if a different solvent, other than the solvent used in the
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Foll ow ng the reaction to produce the silsesqui oxane
wo e@b6B16nunber of optional steps nay be carrP@rus205/034677
to obtain the silsesqui oxane4resin in the desired
form For exanple, the silsesquioxane resin may be
recovered in solid formby renoving the solvent. The
h I r l, dJ [ fal
reac{ 5} ksl RO P bl bR o op il i) bRV RS
secodd@t isblvaiiti amd rexndeing teafirsesodvent thrawghudijtillaGon efot breample.
i oxane resinis r?coveredeségllla solid form

si | sesqu )
Addjtjaeally ghweélawoséen&s 107 ol enf ganpesadiisieatPy wmayingssops of the

| ticul ar use.

SOlv%ttogrg%gig \E}‘é‘f’gb‘\{??‘tﬂ gﬁlgllgfo? g?lg%%t' sol vent, other than the
[001$| VenAR(seehpiositivhés (MOd@@AGYEeES1in@OE/ sUSHq0kxadEdR (1) with a
4 reactio is desired for the final product, a .
solvigi(Fb e S SRR B ah b B oLt st Gisghdg pivent s

rem&%ld‘éﬁff Kheasri‘ﬂesrqﬁfﬂ%‘éh@&sihhl@ chrell $6 pRALMARE ahfveflb&@ e coating.

di st [ for exanple. Additionally, the resin

l'ation,
[0015h n dgpicaly thereléatrogivldewiee isaserbigondijctos devchsucle ppsilieny-based

sone .of .the sal,vent .ar .addi ng.addi tion anmoupt s of
devigEy g pallog? prge Sited AeBTmBagRe Fosits B BRI B bra
semBARICHIrRSmpBert] TTHIAL, A idetoiniprists atWedstloie seitondittive layer
(ii). The ARC conposition is then applied to an. . )
and a pbuality of ethaelayers compriging yrijei conductiveisiiernsigtivs er insulating
matSi ssesqui oxane resin is cured to produce the
At refl ective coati ng. [0017] Typically the
[0018] eqthe @Blventdaeiit Bereih Bapbeihecaniv o diffetal ifioen theuolventsused in the

silicon-based .devices and gallium grsepni de-based .. .
prodystioreeisthe pilsengrerans resifs cUsa{Uk sobvenith metide b argnofdimited to, 1-
P . . | .
meti7 £ ORPHE] o PRRP ASE mI AR ey BEMCGRAE) and
cyclphexandret ymohig otheesr Tha ARG comppsitien typicaly comprises from about 10% to

o b e P E R R g T bty 501
95 wWiekferent fromthe solvent used in the production of

the silsesqui oxane resin. Useful solvents (ii),
[0059) c I T ARG womppsitieroean furthereapmpsise 2 curpseatalyst. Suitable cure catalysts

e A SR ST,
oo/ 5 A8 ] L T S0 RSB
phel{l}g glilwgﬂg%%'ahﬁ ON agﬁhfy? Hﬂﬁ%ﬁ%g&li/onﬁgn tMat@oTYhically a cure

conpositiron can further conprisSe a cure
catatyat & lpyestnt ibah taatouet aupgo da0@ by alter@divelyci0dmm, based on the total
.l.norganj ¢c_aci ds,..photo acid generators and thernal
Welggioga’tjéghlg‘j&?@lpg?m&u e catal ysts

[0020] Specific methods for application of the ARC composition to the electronic device

include, but are not limited to, spin-coating, dip-coating, spay-coating, flow-coating, screen-
printing and others. The preferred method for application is spin coating. Typically, coating
involves spinning the electronic device, at about 2000 RPM, and adding the ARC

composition to the surface of the spinning electronic device.
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may be exenplified by, but not [imted to sulfuric

acid (H2SO™4), (4-ethylthiophenyl) nethyl phenyl
waoboeiswen tri fl at e and 2- Napht hyl di phenyl sul POIUS2005/034677

triflate. Typically a cure d&atalyst is present in an

amount of up to 1000 ppm alternatively 500 ppm based

on the total weight of the ARC conposition. 25 [0020]

e [ : r : .

O PV ER P A Ep B, P rekfilis 8 1o fom the g
reflactive aating od theglecpinic davadd. rithe sdlventcmay baggmoved by known methods

-coati fl aw coating, screen- printing and
Suc%%ﬁ%?@g %@%é‘?&f%ﬁﬂ?ﬂfﬁ%‘%r application is spin
[OOZQFatdlﬂﬁg_g@ﬁ&hﬂya&drﬂpris‘éﬁ’ﬁ%étﬁ% thé Qd/a{?éd’cle\l/lécu%%d"&@ i r% Q?Hféﬁcient

e

ectronic device, at about 20Q0 RP and a
tempeReuredonp sefificicoinduratiante lsad toaueingf Forexasple) thengpated electronic

el ect i c deyife. N 6 5316 .PCT/ US2005/ 03467 o
o S S0 453901 R L SRASSRY o s o
of 0.5&6 5ninfite§ WlRfhatifely 200°C R2FPC ifor 0. $id PRfihMEs. CRAF BBo& B heating

the el ectronic device. The solvent nmay be renoved b

may|bg sised dreingdis curingotiera st oresxamply, the caated nlpctipwicidericé may be placed

e e

[0028E nTerpbtectathé sitsesjuiddaht eéstnfroMUtaitibAOwith ok§aéh dr@arbon during
.curing., For exanple, the coated el ectronic device can
curinige theAiiag siep g be perfongerd wnder @1 inert ginaerphergu rast atmospheres useful

| § j . 1 - ]
e NS o e BB B e P95y TL b e
enviroahfeoticanftaih dast g S0mpyn el pretdatdyitesithah N6 ppiir d)ﬁbtg(ygérﬁ Prhe

F |.e, the cpated el ectronic, device may, .
presqye AHRICR FeLcusili ARG romipel PEPHAE SarTieh RUEIB OB RAb T curing step
. . t D
s o Aot 0 Dl ol Mg R R s
maygwrkelsoduring curing, the curing step can be

(008 T R 1t atevish e EpENtA i ol ot Cone can be used
in fufthéd RBGFat@pbcasiigRtepBysuch A bhotolithokapke a@Wheh Madd ihhe

environment contain | ess than 50 ppm and preferably
photplithegraphin, atesis impgst is Seypapsoverthe angrreflentive caatingniThis provsss for

C UL . . i 0 I S _Not
form Bl 8 e iy T8 G TosRlfie AL 0P8 Bt e Bpliflionp gt the
anti-sefleativensjating;i(b) infagewise eprdiﬁg)ﬂhg hefdﬂ Eihﬁ{t% gazﬂéi)‘rz]ﬁio&;to produce an

at her i ressures my work al so. ) ce . .
ST EORE S T AL 2 I N—

ant i naf i ' - oyd Nt ..
con oy DL RS R 0 g o
image¥vése cupesdd ito ultpphioled radidtigr leying a wavebsigtt of igem i®365 nm,
alter%ag{vggfdulge\{'ﬁcr)le% Il:gﬁia?lgltl h\slrelfg laevsf:e}x)el\érelgt%%?tl I5 J}] %m c-)l;'hle93 pnrmo. %enscg an image

has been produced in the resist film, then a pattern is etched in the anti-reflective coating,

Known etching materials may be used to remove the anti-reflective coating. Additional steps
or removing the resist film and remaining anti-reflective coating may be employed to produce
a device having the desired architecture.

[0025] The following examples are included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill in the art that the techniques disclosed in

the examples which follow represent techniques discovered by the inventor to function well
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20 formng the resist imge conprises (a) formng a
filmof a resist conposition on top of the
wW@nine/68ié ect i ve coating; (b) inmagew se exposiPQI/URM05/034677
resist filmto radiation to g¢roduce an exposed film
and (c) devel oping the exposed filmto produce an
i rrage The anti-reflective coatings on the electronic
in the ]arr%té%e c?}r tg?] gn%{:rtﬁtgot%u' il {h¥15 n%ne {ée\llj\g:osn\éfdgéd t§ %gﬁ%titute preferred modes for
its pra¢tidea How éer, tiasde of smn 11|i1ﬂiel aﬁ@}ﬁuldaitﬁlﬁgm of theqfresthtdisvldure,
to 365 nm 25 alternatively ultraviolet radiation
appreciafe et mon kangpyean kermadsrinthgspseificembodiments whigy are disclosed
ond o TF¥in U ke BFGFhRE AW Al AR iR e split apS0brf of the
mvmﬁhmmn etchlng materials may be used to renove the
anti-reflective coating._Additional steps or renoving
the resist filmand renﬁ@ﬁmﬁﬁpkﬁ i-reflective coating

R npl oyed to produce a device having the
esnggil reégar chi tect ure. 30 [0025] The foll ow ng exanpl es

gg?élgll r-Ié)P fd{ Aﬁjstrate preferred enbodi nents of
i nvention.” It shHoul d be appreci ated by those of
A soﬁl'ﬁbh bf 120 ERgsIFPGMBA, 112 gkRRNOI WSSncﬂé@Qﬂf@ﬁ@ﬂdthGhlotd%ﬂane
npl es which foll ow represent techni ques di scove

ed
10. 1% ram$e(0+0H§ arples) of Gichlpresilape M2 & (A3 125 meploss n@thyltrlchlorosﬂane
were tr L # ug 905 {hg'l)’d"ag‘z& ungelJ Jﬁtrggﬁ:%t R Qéiﬁﬁéi{e?ﬁoot %Em QF 148, EPI{] and 10

S can considered to cons erre
gramﬁQ@iSSS frviles) bf Wataf ﬁrai hdded tbithwesehition ol aschl @bsitdaed d>velr A one-hour
the art shoul d, ht of the present disclo
periogp, Jihg gpactign W&PII% to%%lﬂgggrlg%ﬁ A0e ong hopr, e tésin solution

was tzlgﬁ Gl \gﬂ%%ﬁ HEHBw i‘ &y @k %vaﬁ:'r%\%l QiR Erdedn p%)hhlately 40

tain a e of sim result Wi thout departing from
gramts lo€ ethpnaoli Wasaaddedsmdhe re(sfn sohgich. iTie enlution waEXtWPtCE@ approximately

wih ool ad Ban iRl Grtis i ORB, fheihlul®h Wil through

a0. 20%161%}1 mfmmemha kioedd @250 ANSIDED bdle 113hlem§§- 187645

nol es) of trichlorosilane, 16.82 g (0.1125 nol es) of

n=1.785% bgD562%hl or osi | ane were transferred to the reactor
under nitrogen. A solution of 200 grans of PGVEA and-
10 grans (O 555 nDIes) of water was added to the

B SR G ﬁqﬂeba?ﬁsbgéif tirring at 20 ¢

o ) i TRENER O A S
11.8AgmpnexD 0872 hyoleﬁ))oﬂﬁlcg}oapmlam 3Mm @02 Swaeles)oafantthydtrichiprosilane
Weretfgéi?ng‘ggsagr&%t IP&?nder nﬁroségn ugl sohitioa of 366 glpagies oftP%MEA 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 one hour. The resin soiution was then
washed with 100 mL DI water and the water was discarded. Approximately 40 grams of
ethanol was added to the resin solution. The solution was stripped to approximately 20 wt%
of solid and then diluted to 10 wt% with PGMEA. The solution was filtered through a 0.20
micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 2147

A, n=1.887, k=0.769.
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20 mt % of solid and then diluted to 10 wt % w th PGVEA.
The solution was filtered through a 0.20 mcron PTFE
wo dobmes3ad stored in a 250 nL HDPE bottle. ThPCROERS5/634677

1876 A, n=1.797, k=0.5625. 20 Exanple 2: TPhO.55
THO. 35 Me 0.10 A solution of 120 grans of PQVEA,
29.09 grams (0.1375 nol es) of phenyltrichlorosilane,
11. 85 IglrarrsH(O 09<é5 noles) of trichlorosilane, 3.74 ¢

Exampte 395 mosEsp.3sf meshyl trichl orosilane were added to

A solpErER KkEraDs gF BT 0?85 a1 B0y 29 males B Pieas Hehl g silane,
11.84 pé?{ng gO.ﬁg’ﬁh@Q) Htrikhiofditie0 % 59 ha %6@ l@\ﬁ%le 0P B ti\Mchlorosilane

e reaction was allowed to body, stirring
were atidélto aGedotar umder iicogen. TAsolntien of 2¢ griaimsiof REMEAend 10 grams

(055855088, s B30 o e L 5 bk NG g o peiod
The r@é@ﬁﬂ WA 2llBfed ?&b 8'5 Qﬁﬂﬂﬁlg A0 TO oS Hdup TSR st ol RIdRGVas then
to approximately 20 wt % of solid and then diluted to

wash&d)wmh%OWth D@ and ftlee watbuwasodiseeaded: i Apnspxdthately 49 grangs of
PTEE fjl.ter..and,stored i.n

ethenghyt e P e soluofy TROAR GG AR T8 Anilpgy 20 wore

of soﬁ@Qﬁd ﬁféé aﬁﬁteﬂ’%r A YSROORHDBERATA. The E@qatmh e/aﬁﬁlt&e& EhrGﬁ:@H‘h 0.20
60 A solution of 120 grans_ of

mlcrcgvr BBEE @hemlﬁfstqmd &53 28 mbrigRYE toftish ﬂ‘bwésms 78, 13 é =412,

k___o(%ams (0.0875 noles) of trichlorosilane, 22.42 g (0.15
"ol es) of methyltrichlorosilane were added to a
reactor under nitrogen. A solution of 200 grans of
PGVEA nd 1 graﬁ 5 (0.555 nol es) of water was added

anirsle #h'E %qb I039 TOf olepi chl or osi | anes over a one- hour
perlod The reaction was allowed to body, stirring at

A sol€ion 6f 12} grems ofi FGMEALS.29 g@ms OdGtmelas)wa pherydipichlorosilane,

1016, 8885 0 Pelisy skirismlar oo 23 0o BafiBFetpgictlorositane

were MA@t @t 1Ras185 ifide RltkigeNA sbhgioa@f 200 ermwast PANVIERPad 10
to gg rOXI mately 20 wt % of solid and then diluted to
gramg (0.6 Sanales hofbenErwas pdded o0 theiselutinn of frighlaspsilgnes9 sy grong-hour

pri A0 AR T 120 L1 0550 e EBREtion

was then WakiRed MathI HD B30, DIMefteHshdAhs olatedr iva didcarti2d) Appaosimately 40
PGVEA, 5.29 gr téo 025 no) e s)r
gramg|Qé ﬁgaplaqlivtqmagii {0 th gesin solution. “The solution was stripped to approximately

20 wt% of solid and then diluted to 10 wt% with PGMEA. The solution was filtered through
a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 1992 A,
n=1.680, k=0.208. '

h Me
Example 5: T 0.10TH0.60T 0.30

A solution of 120 grams of PGMEA, 5.29 grams (0.025 moles) of phenyltrichlorosilane,
20.32 grams (0.15 moles) of trichlorosilane, 11.21 g (0.075 moles) of methyltrichlorosilane
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 one hour. The resin solution
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15 10. 16 granms (0.075 noles) of trichlorosilane, 22.42
g (0.15 noles) of nethyltrichlorosilane were
WO e@astBIe ed to a reactor under nitrogen. A soPCI/USINODO34677
200 grams of PGVEA and 10 ggans (0.555 nol es) of
wat er was added to the solution of trichlorosilanes
over a one- hour period The reaction was allowed to

was 11381? %as}géﬁf With 'i‘ e n vvas g‘r %‘{va thQ %i%%ﬁﬁl%%ﬁd vvg |‘pBrox dm%tﬁlg 40

grammf ethanﬁiswah e&lded tbettle re@xppsrodxxtlmnﬂéie)sohﬁoﬁ Qvagrsaippedto approximately

20 with a1 $6lid BREHCR g Rl Hishooriyh PGRIEA.oF Bt salhorwag itered through
a 0.2? i*ﬁﬁEroﬂ' d’ltf‘]?ﬁltér%n& Qto‘Péc%h"M ﬁb REYIPE pH8leS Phidkh R =11852 A

tere hr ou 0.20 mcron PTFE filter and stored
n=1.639, &=0308 L HDPE bottl e. Thickness = 1992 A, n=1. 680,
k=0.208. 25 Exanple 5: TPhO.10THO. 60TMe0. 30 A sol ution
of 120 grans of PQVEA, 5.29 grans (0.025 nol es) of
pheny r|ch roawlane 20. 32 grams (0.15 nol es) of
Exanfiple 6h 9m6T g2l g (0.075 nol es) of
rrethyltrlchlorosHane 30 were transferred to a
i n
Asofu ?g%% dr'fgrtrfsl\q )Y 22 g?é}{myéd@@ lﬂé}gtg)gg;&%g}qg Cf oros11ane
23.7Q gmrm;c([)uﬂ ] mmole)sf) of trlohldromkase I M’bg (Emotesd nﬁmhmyttnchlorosﬂane
period. . The reacti was al | o

d.t t
wereB3gns{Bited {0 s s 0h der et SR SO B0 S 10
gram5@5 93%7@%17 waSadRa t& Hﬁerbo}‘lﬁi%ﬁ ¢ tﬂulﬁ&ogl%emwepb one-hour

wat er and the water was discarded. Approximtely 4
periogr e redction wan ellowedstodudadstirgng M0 s for anelhoty. e r?ha solution

v 854 R0V 00 OB T s Bl s

| gram§ @f b'ﬂhlaﬂcsl wasadtied fo&h@ﬁbsirfﬁo@thﬁtﬂﬁ The QoRiBiofvik 8RipPd to approximately

er and stored in a 250 HDPE bottl e. Thi ckness =
20 W‘i’é 2,@ sqlid andthen dibged to=tf) wtfa W@%@ME@ eTheryobgtiorgas filtered through

+028EOTHSSASGAG Sk s 3 AR EENERS o
n=1.¢l0aks0.202.175 nol es) .of trichlorosilane, 7.47 g (0.05
mol es) of nethyltrichlorosilane were transferred to a
reactor under nitrogen. A solution of 200 granms of
P 0. 555 nol es) of water was added
é[@h%llQ]fiQ)?ﬁ 0t5%| chl orosi |l anes over a one- hour
r|od The reactlon was al |l owed to body, stirring at

A solmtjon of 120 gegms HEGMEANhS2P gearps @d]%tm@ﬂs)xé pherylirigblerosilane,
11. 83"@8 ms | 8\835 ! Soﬁflc or t B 2"6%% t&)el 3\§am§les)\/\qsmethyltnchloros11ane

oXi na
were transferred to a reactor under n1trogen. 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 one hour. The resin solution
was then washed with 100 mL DI water and the water was discarded. Approximately 40
grams of ethanol was added to the resin solution. The solution was stripped to approximately
20 wt% of solid and then diluted to 10 wt% with PGMEA. The solution was filtered through
a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle. Thickness = 2008 A,
n=1.610, k=0.202.
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grans of ethanol was added to the resin solution. The
solution was stripped to approximately 20 wt % of
waodoetesnel t hen diluted to 10 wt % wi th PGVEA. AEEUS2005/034677
solution was filtered through a 0.20 micron PTFE
filter and stored in a 250 nL HDPE bottle. Thickness =
2938 A, n=1.610, k=0.202. 20 Exanmple 7: TPhO.10 1R
0.35T 55}4\3 ion of 120 grams of PGVEA, 5.29
—“@P;léie’\?%@@% #sl'lesP46f phenyl trichl orosilane, 11.85
grains (0.088 noles) of trichlorosilane, 20.55 ¢
A solumolh@g 120 gem)s P GMERY H129i grhhmﬁﬂdﬁﬂ Ianbs) @phasyleichlorosilane,

1520 g5 AT S8 et eh Rl g b SEB rflediotor ot or

meth‘&’ﬁﬁclﬂ@ﬂﬁﬁaﬂeqvérg eraf§ibibd R Rbctby ﬂnﬁi& ?Htfb%eh aﬁes%hﬂi\bﬁ lof 200 grams
one- hour period. The reaction was allowed t ody,

of P@MHA amxgl (igrags (0655 oroles) of wetgr waTaddeddgitle mtwnuqf trichlorosilanes

over 2 Re RS R hichp B Aot Bl HifpkER) Tador R hour

The RIBIEABIItRNWAR tha@SWishe® hithi 190.mITDE weddrlbindARe Wagr whs dibaeged.
to approximately 30 20 wt % of solid and then diluted -

Approgimagelyt4dh gipms o 1w addad)to theoigsingselutions dhe golution was

' BF t o2d .k 0
staippf Brepfinitis 054 BTl Y e B 31 GEE R DOWER he
solutitnl WaO6KG6S hteudhGI0.2SA(6h PIHE filter And Evastiiha 2830 nil. HDPE bottle.

hO. 10THOH§\5TI\/EO 45 A solution of 120 grans of PQVEA,
Thicknesg =JAdRéd. 051 @38 K- ) of penyl trichl orosil ane,

15. 24 grans (0.1125 nDIes) of trichlorosilane, 16.82 g

(0.1125 noles) of 5 nethyltrichlorosilane were
Apphczanmexamﬂle 0 a reactor under nitrogen. A solution of

rans .and 10 grams (0.555 noles) of
Fl‘"’wg%t?" an’&f YA sol ution of trichlorosilanes
The ﬁHﬁ eoeanfg% WA R é)r&ﬁésse AN M eas Shgrc"p‘@zssﬁh toM&dsditions of resin
, stirring at for one hour. resin

in P wore finaistiltemechthieughed0. dinti¢ron GF T filir anétlml spimc-ogted onto

standig c;]sm € s1dedflo%glglr g&?hshgéﬂp o ﬁ%&)wﬁ{ %Igéa]aﬁge Sé%eldlﬂo 18lhed FTIR

waerﬁGspﬁaCh 8éd + ROGETIrpng a@&ﬂéx@ﬁbl’ﬂip‘ee& ¥ 5200 Wite ef20setdnds R Films were
t hen dllutedto 10 Wt % with PGQVEA. The sol ution was

“cureq a1 3 lemparaiye 6Ah220°6) g 9918@@@?\5 ssTindiopfedtia thedablessusipgerapid

therr{}zﬁ @?ﬁ%gﬁngg{ﬁgs@eg Qitnl %1%8 '-;régx Sgca|§ Derge. Thd #if8 tlﬁckrféss} r&rtive

atron
index and k value were determined using a J. A. Woollam ellipsometer. The thickness values

recorded were the average of nine measurements. PGMEA resistance of the film after cure

was determined by measuring the film thickness change before and after PGMEA hold ( one
minute) and rinse (AThl A); tetramethylammonium hydroxide (TMAH) resistance after cure
was determined by measuring the film thickness change before and after TMAH hold ( one

minute) and rinse (ATh2 A). Contact angle measurements using water and methylene iodide

as liquids were used to calculate the critical surface tension of wetting using the Zisman
approach. All of the cured films made from the above resins were completely stripped with

two commercial wet stripping solution NE89 and CC1.



15 Fil m Coating and Characterization The film coating
on wafers was processed on a Karl Suss CT62 spin
W@ o@b®633160l uti ons of resin in PGVEA were firBCT/US2005/034677
filtered through a 0.2 micregy PTFE filter and then
spin coated onto standard single side four inch
pol i shed | ow resistivity wafers or doubl e sided

vang fuanG b RGP 6 aRe s R LGy e udR or 4ttt rsins

(App'¥ed )8 E8mpl Rﬁpéﬂ&oﬁes{a&iﬂé% fHeltbfin GRAPEZRRLE 1f or 90
seconds as indicated in the tables using a rapid

thermal processing (RTP) oven with a nitrogen gas

BB BGiogd ol B Vg 5 AR M PR 1508k o s i
scale @ lof BRGEEH Sdade TR ExhipeGHSE AALaiEBe sdef € MW ati® iR gei®rmance
average of nine neasurenents. PGVEA resistance of the

are very|ctasaf ExgmplgrApp hafierdekeatdZace foy 6oeceeonds hagl a Water ponigct angle
t Kk c n
0f84r77’1h ar?fjat e%%%ed&@%gepﬁﬁihﬁ %bq ? é’ﬁ% AT hy a%?gﬁl érfr? 160 ge%onds had
a watBytinact aleplé dMB6Hind esirficavsagpbi82.6cure was det erm ned
by nmeasuring the filmthickness change before and
after TMAH hold ( one mnute) and rinse (OTh2 A).

E@(}; r@?%] [ and net hyl ene
TABl odi %@RVSQH&*&IH m@;@gm%%ggg a%d‘@%ﬁ{ ate the critical
surface tension of wetting using the Zisman approach.
of .t he red fi made fromthe above resins were
TableﬁLnﬁP@f 19“ {mﬁth 30 two conmercial wet
I EGb Rl RS O! utlonﬂYlI: e Tem OpR31D ]|
BCT uszooé 034677 10 TABLE gfﬁb\l\fégz‘)th ThshATE AaveA
reS|stance,an TNAH redi st ance for d'ﬁ =d¥0r si ns

(Apd 1 ' 4 co2pespondi®lé o Qhe Fesin |from
Exanpl |e 10'1%89%2 ?ﬁgws that the Hfocess beO maki ng
the resin is reproducible. ExanpeﬁgpS is 5|scal e

i re Hn e i n Exasple ApmwAa.{ As chn be|seen
?%eﬁl\/k/land-lpﬁeoﬁ%rf&%nce are Vvery cf ose. l e

Exa\ﬁ
App 5 lafter bake at 223 C for 60|3@ 7on,ds hab2%a wat er
1

v ﬁL&LL:Wm Sut e yrof—3Z. 6.
gp&ﬁpl el Appst apeBr tsake af>250 "Wr %ekonds |had
a wat er contact angle qf 86 and n1639 flace eneg gy |of
32.6. |10 TABLE 3 shows {the resin|of Exanple|4 usdd as
a hard mask. Table 1: [AppRP@ati phOIX nﬁ) s{ 1- 4.

Exanpljle Resin Bake Te Th ATh Al C (A (A (A M

App4 225 1876 |27
1851 29
250 1861 |4

1860 5

Ph H Me
T 0.25T 030T 045




Appl T 0.10T 0.25T 0.65 250 1916 0 1916 10 App2 T

0. 10T 0.30T e 0.60 250 1992 1 2017 25 App3 T 0.25T
wWO2@006806 55 225 1037 239 1038 13 250 1012 77PC1O2B05034677

App4 T O 25T O 30T e0.45 22%;1876 27 1851 29 250 1861

4 1860 5 15 WO 2006/ 065316 PCT/ US2005/034677 11

Tabl e 2. Application Exanples 4 and 5 Exanple M,, vs.

,./M. Bake T Th ATh ATh PS vs PS C (A (A (A A
Table%-l%é“@?‘ X?%’Tef%% App 4-2 225 1§35)1 (29) ,(Ap|)o 45
Baké F

Exa?%’%e Ehlve W§M54 0 g AP ppdl 9710, 322 325

2003|225 Adp' 5-2" 225 2000|213 ypp| 555250 18 App

5-4 2% 1974sPBS Tabl & 3: Apé)l | cati ) of| re&th Bfanpl e
6—ExairpleBake T Hh—ATh—ATh et er—eoniaet—Surfage

Apfdr §y>¥E [A ASA Angi (o) ASBS6-lt 25071092 1 93]29. 9

App 4-2 225 1851 29

App 4-3 250 1861 4

App 4-4 250 1860 5

App5-1 | 5710 | 32 225 | 2003 240

App 5-2 : 225 2000 21

App 5-3 250 | 1961 18

App 5-4 250 1974 25

Table 3: Application of resin Example 6.

Example | Bake T Th AThl ATh2 Water contact | Surface Energy
oC A A A | Angle
App 6-1 |250 1992 1 93 29.9
App 6-1 | 250 2017 25
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App 6-1 250 2017 25 WD 2006/ 065316 PCT/ US2005/ 034677
12 CLAIMS WHAT IS CLAIMED IS: 5 1. A nethod of
wo evoriossyi@n antirefl ective coating on an el ect PONUS2005/034677
device conprising (A applying to an electronic
devi ce an ARC conposition conprising (i) a
si | sesqui oxane resin having the fornul a
PhSi O(3-x)/2(OH) x) m
CLAIMED O( 3-x) / 2( OH) x) n( MeSi O(3-x)/2(OH) x) p where Ph is a
phenyl group, Me is a nethyl group, x has a val ue of

) ; has a value of 10 0.05 to 0.95, n has a
WHA@‘&ES?%]?%%I\%}BD "to 0.95, p has a value of 0.05 to 0.95,

- p, & 1. d (i : .
1. A pged ok ol apdispieRicbtiink o P EBhic BfteBipising
(A) ag‘ﬁzh& th AnfeRIcHoAR devikt R ARES bompostivat dongprisig t he

ctronic device. 15 2. The nethod as clainmed in
c(arsildesuhioxaiaresin hawna thedorrulst 0. 05 to 0.50, n has a

value of 0.10 to 0.70 and has val ue of to
0. 70. G’.hS‘ifﬁ@-xye(Qi‘éht)mE%@@FS@@HQ@W%S&S@-M@Q%‘SW in
the sil ' I esi t 40, mol &, % 20 _af
ey Fis s e s e S D f5a 20t  vatue of
cl-ad LN i PN i ' ' ~1-
0.05 tg O?ﬁ%a%lvgiﬂ? gfb.tbﬁ\é@@ @u9§'f ?hh@a td16e Sf 0.65 85008 X BRI €RiFp~1;

s contain Si-0OH groups. 25
and 5. The nethod as clainmed in claim1 wherein the

solvent (ii) is selected from 1-nethoxy-2- propanol,
pibpy pdlMenth@dny| et her acetate and cycl ohexanone. 6.

(B) relr—lgoﬁlri}g%}l?%glv@ﬁt SHILARS e it QuiBxdneMegih &b Forhéh Afeflective coating

on contal ns 12:30 to 95 wt % of solvent, based
on th®életthenivvdegbd. of the ARC conposition. 30 7. The net hod
as claimed in claim1 wherein the ARC conposition
additionally contains a cure catalyst. WO 2006/ 065316

2. Tﬂ%%éﬂ'ﬁ@ Q0L 23464 €laim 1 wherein m has a value of 0.05 to 0.50, n has a value of
0.10 to 0.70 and p has a value of 0.10 to 0.70.

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 silsesquioxané 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 wi% of

solvent, based on the weight of the ARC composition.

7 The method as claimed in claim 1 wherein the ARC composition additionally contains a

cure catalyst.
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13 8. The nmethod as clainmed in claim1 wherein the ARC
conposition is applied by spin- coating. 9. The nethod

w@go0oeloed3ned in claiml wherein the sil sesqui OXBOEURBSH/084677
is cured by heating. 5 10.q3The nmethod as clainmed in
claim9 wherein the silsesqui oxane resin is cured by
heating at a tenperature in the range of 150C to

275C. 11. The nethod a cl.aj,ne n cla
5. Tha pediospoickA@AG T tPh! PUctth B ApCHeTPHoRis SBEHE By bl
coatinb€mPer ature in the range of 200C to 250C. 12. The
ethod as clained in claim1l wherein the

sil sesqui oxane resin is cured by heating in an inert
atnDspher

9. Thg magthadk qnsg l%glgrpﬁ gﬁlgﬁmgﬁ%;qﬂ%%{q}l <’jﬁg(%l\rll i8¢ cured by heating.
conpr i Sl ng (A) applying to an el ect ronl c device an

ARC conposition conpri si ng (i)a sil sesqui oxane reg;b
10. "Ihameﬁg)dtdsezlaimpdm elaiprh siheredn fhe/sPlseryioxane resin is cured by heating at

2 S X)/2(OH)x)p where Ph is a
atemB‘Ff@%ﬂ [f’é‘ R/ﬁwalg Z{l}“’ﬁy group, x has a val ue of
0, 1 or 2 in has a 20 value of 0.05 to 0.95, n has a
value of 0.05 to 0.95 has a value of 0.05.to O %5 .
11. Téan cmqthodrasmlalmsd in elaim aﬁ@e{qm fhecsilsenapionane 1emy if g6G PR fjeating at
e, sol vent an o si | sesqui oxane resin to
atem?%rPWeaW ?]fal'nlgegifgbql ve cecs)}g:tl ng on the electronic
device; and 25 (C) formng a resist inmage over the
antirefl|ective coatln? 14. The t hod as cl ai ned

12. Theangthodzas,ghaimed an clgin [ ydergin tl?pa@ JONIRBRGEEF I c1(1r§51 lby heating in

filmof a resist conposition on top of the
anm%%l ?121} @ctive coati ng; (b) inmagew se exposing the
resi st fllmto radi ation to produce an exposed film

15, Al SRR BER PR BRI B

oatnéléwtmnswdem aRtAREfcbepbiien caaprisige on an
(A)%?eﬁﬁ?%)m c device corerprl si ng lf}x'?)A) applying to an
el(e)atsﬂmsqmomm%n havipgbedorm@si ti on conpri si ng

(PhSiO3-x)/2(0H))m HSI0(3-x)/2(OH):)n(MeSiO3x)2(OH)xp
where Ph is a phenyl group, Me is a methyl group, x has a value 0of 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, andm+n
+p~1;and
(ii) a solvent;
(B) removing the solvent anci curing the silsesquioxane resin to form an antireflective coating
on the electronic device; and

(C) forming a resist image over the antireflective coating.

14. The method as claimed in claim 13 wherein the resist image is formed by
(a) forming a film of a resist composition on top of the anti-reflective coating;
(b) imagewise exposing the resist film to radiation to produce an exposed film;

(c) developing the exposed film to produce the image.
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(i)a silsesquioxane resin having the fornmula 5
(PhSi (3-x)/2(0OH) x) m
WOIB0e0&3%g / 2( OH) X) n( MeSi ( 3- x) / 2( OH) x) p wher e RUT/US2085/034677

phenyl group, Me is a net hy#4 group, x has a val ue of

0, 1 or 2, mhas 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,

and m+ n +p"Z:~1|; (ii) a solvent; 10 (B) renoving

the solvent and curing the silsesquioxane resin to
15. Al dﬂ'{ét@oa Of %@154% Sttt YR 1i9083dtAE on@R dtfroRic@eticeBbsprising

evi ce; ormng a resist rmage over the
(A) appliyirigetd lar electrenic davica gn ARtdconm)siternctninyyisigpat t ern in

the anti-reflective fil 15 16. A nethod of form ng

ahDaFlSesigxane 1o haying tﬁ]ﬁ f(brﬂwith el ectroni c device

conpri §j (A yi to_a | i an

ARG colbsteran BB Hara BRI AR

havi ng,.t he for nul RSk - lue of 0. 1 or 2: m has a

ey By R L b e Lo g atue g L or 26 m
valueREOIDS to 9198 LH hadv vilae af 00F Iy 0.96) whis, a waltxasf 505/l 8S5,04nd m + n

0, 1 or 2; mhas a 20 value of 0.05 to 0.95, n has a
+p~Jdglue of 0.05 to 0.95, p has a value of 0.05 to 0. 95,

andm+ n. + (ii) a solvent; and (B) renoving the
sg}lbﬁﬁéiv%d curing the silsesquioxane resin to forman
(B) rédidvihethk 86lvemend@atihg the stisestjhioxeheetindo femdEvantiesfle@Bve coating
(gl:)a form ng a resist inmage over the antireflective
on the elgetrorye devig®y et ching a pattern in the anti-reflective

fil r pTo Ioafind:Rge and the
(©) it » B ferlesi P e itg et catine TRAC
(D) eREIgUSAMNeAY iaIUbanti-refectiverilmin  ARC conposi tion

conprising (i) a silsesquioxane resin having the
formula (PhSi Q(3-x)/2(0OH) x)m

Alﬁi %’ érﬁ{% D b VR S 3o d2d ¥R b dromtedevideitonrizing
16. p gny c?gf)rfour}, Me i1s a nmethyl group, x has a val ue of
(A) &pplylingto & elenttoag device an ARC composition comprising

(i)a silsesquioxane resin having the formula

(PhSiO(3-x)/2(0H)x)m HSI0(3-x)/2(0H))n(MeSiOE.x)2(0H):p

where Ph is a ph;anyl group, Me is a methyl group, 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, andm+n
+p=1;

(ii) a solvent; and
(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;
(D) etching a pattern in the anti-reflective film; and

(E) removing the resist image and the anti-reflective film.
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5 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 and m+ n +p":Z~
wa2006/0631@ sol vent. 18. The conposition as cl aP@EUSINS/034677

claim 18 wherein mhas a vajsue of 0.05 to 0.50, n has

a 10 value of 0.10 to 0.70 and p has a value of 0.10

to 0.70. 19. The conposition as clained in claim18

wherein in the silsesquioxane resin |less than 40 nole
17. AnARC cARPOHHeCRHSY s Si - OH groups. 15 20. The

CATRORcA B AS r&hi#haTe 1} Shlln 18 wherein i n the

esquroxane resin 6 to 38 nol %of the units

cont ai @hﬁOé%ﬂmﬂQﬁn H@i@gl}jl@(mmMeSi@@_,g@(@Hﬁbﬂm d

inclaaml erein the solvent (ii) is selected from
1 whBR X Y-pheiy] @& Me Braapsthenours tihak asiaherofdc boagem has a

and cycl ohexanone. 20_ 22, The_canpositio cl al ned
value pH0.05 % o2 sn hiarey walye @mo,‘a\r@-%miawa@w %éﬁ%a Or{)gégecfn?dn +n
5 wt % of solvent, based on the weight of the ARC

P=¢onposition. 23. The conposition as claimed in claim1

gy £ddlvdnfie ARC conposition additionally 25 contains
a cure catalyst. 30

18. The composition as claimed in claim 18 wherein m has a value of 0.05 to 0.50, n has a
value of 0.10 to 0.70 and p has a value of 0.10 to 0.70.

19. The composition as claimed in claim 18 wherein in the silsesquioxane resin less than 40

mole % of the units contains Si-OH groups.

20. The composition as claimed in claim 18 wherein in the silsesquioxane resin 6 to 38 mol

% of the units contain Si-OH groups.

21. The composition as claimed in claim 18 wherein the solvent (ii) is selected from 1-

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

22. The composition as claimed in claim 18 wherein the ARC composition contains 80 to 95

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

23. The composition as claimed in claim 1 wherein the ARC composition additionally

contains a cure catalyst.



