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METHOD FOR FORM NG ANTI - REFLECTI VE COATI NG DESCRI PTI ON

[0001] Wth the continuing demand for snaller feature
WGa2meM633r0 t he sem conductor industry, 193 nmm optT/v8t005/035235

l'i thography has energed very recently as the

technol ogy to produce devices with sub-100 run. The

use of such shorter wavel ength of |ight requires the

bott om i I ' [ e

rot | eot MEA ARt ERNAR AR TR SURERT i <o

swi ng cure by absorbing |light that has been passed

t hrough the photoresist. Commercially avail abl e

antireflective coati ngDESSHRIPION| st of both organic

and inorganic materials. Typically, the inorganic ARC,

whi ch exhi bit good etch resistant, is CVD based and is
[0001$ UbWVEE thd @ntihhingdeibed foitsapllat featirakisadu #d @ghcaiductor industry,

extrene topography. The organic ARC materials are i
193 myp ppties) lighossanhy haheppized ysryaiseentags thodeemolegy toiprqduge devices

. rizat ' f eh:

with PR P OPRER s GiTer sl o ligh! RREe ShSin
antirefiBEteVd @atihd) BARCH & ieddecthe eeflictiedomtheanbstgpps amf dampen the

i norgani c and organi c, ARC materials i i gh desi r ed.
 photopeygh SYVineHiuge PyahsAEhing hgartb%ﬁﬁé bes P&ﬁ@éﬁ@%ﬂ% Jbgrotorssist.

—

. i b ant . . . .
comf G55 B A SELO 6 SR 080 5 AR
materidls.i Ppsicalht, theheonganmio R C swhighk eshnbit phed efch sessstant.ox Y based

.resins ar abl e upon.,.storage. ln, addition, ,th .
and iSRRI (A9 e FUGETIRD QR o g baiiintiya e organic ARC
L3 dppli if ' driZaB6n ies,
710 GRIFPEEAL 9 ol i RSt eyt g o i

but syffar tfronwpeer atdhi selactivitnta erganie phetoresist oA a mesuliodimeferial that offers

‘ f or.m tig.efl ecti [ . i
the cqsEPrd AR RR o e i ofRly RRCEREREl bR e,
[00023N PRRCiRRNGSpdrialR t6 SilRsiEbREhe (ésies that Sdibdtamixeffeetive coating

resin having the fornula . . .
properties for 193 nm light. These antireflective coatings can be stripped at the removal stage

and the silsesquioxane resins are stable upon storage. 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.

[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

(PhSiO3-x)2(OH))m HSi03.x)2(0H)w)n,
where Ph is a phenyl group, x has a value of 0, 1 or 2; m has a value of 0.05 to 0.95, n
has a value 0f 0.05t0 0.95and m+n~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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(PhSi Co- X 2(OH) )111 HSIi Op-Xy (OH)X)n, where Ph is a
phenyl group, x has a value of 0, 1 or 2; mhas a

W@ 2006063320 0. 05 to 0.95, n has a value of 0.05 POI/0SH885/035235
and m+ n 1 ; and (ii) a solwent; and (B) renoving the
sol vent and curing the silsesquioxane resin to forman
antireflective coating on the el ectronic devi ce [ 0004]

000 SRR B2 S5 56 IR g e e

fom&Pgﬁkﬁb %%%%@gs RSO 15 2 AEHE gfdlbp! hds o
valueaoﬁlé)l,J ;Tnogn)ﬁr th%gﬁivglru% ?% osncof(bﬁb% f h\éé‘L V for 8 O@g 995 gngﬁg+ n=1.

vely ‘m has av ue of

Alteradthelymathay @ vilu@ 0£0.1tte 005 Sﬁembﬂwﬁp 10he 0s50L sesqw oxane
resin nay be essenti al Iéeful I y condensed or
[000n| Thepsilsesaiongneisailanaebe esppisially dell sé?crr@égifd.%w@e only partially

cond{rﬁgél 3 an?erstlltsﬁgeqlu Q{je(éﬂﬁg‘ galltlﬁﬁ c&t@ﬂs ﬁhﬁl 20 ﬁ’i‘:)le % of the

nits in SequIo ane eSIn Sholld contaln
units §i theklilgesquipsanehiesih showddoouthin SHOM Igempsu igher emoumte sfithtese units

t th i d t i f_gels.
can i APIY s genihrd G gpramanighaele TTRHE's % 385 o of
the usz:ts 15%ﬁ8§i!ls@§%§n§k§<aﬁ§§ésﬁl %dﬁ%ﬁ'sf‘oﬁ groups. [0006] The

sesqui oxane resin has a wei ght average nol ecul ar
[0006]ei Tt silskaghioxand tesinrtas gevaight 80eragometenBO Greighti(Mw) in the range

ot soffig 45864 o el B85 s of £ OLep i il o0 to 10,000,

[0007 1esSiesitisiané ré’éﬁfsQisE‘ﬁJlTﬁé’reﬁﬁn?( F;,ﬂﬁ'ﬂadtb)jl; il bt Bited to
|mtedto(PhS|G3/2)a(HS|q /2)b (PhSiq

(Phsﬁj%) /[2(OH))c(HSIig 3/2)b (PhSig 3/2)a(PhSi ¢
2/ 8 c? i @B/ 2)b(HSIi 2/2(0H))d (PhSi q

(Phs%@gﬂ‘("gﬁi%?%{?@ a2 282)329 e( HSi 08/ 2) b

(PhSi03/2)4(PhSi0;/2(0H))c(HSi03/2)p(HSi02/2(OH))q

(PhSi03/2)a(HS103/2)p(HSi02/2(0H))q
(PhSi03/2)a(PhSiO22(0H))¢(PhSiO1/2(0H)2)e(HSi03/2)p
(PhSi03/2)a(PhSi02/2(OH))c(PhSiO1/2(0H)2)e(HS103/2)p(HSi02/2(0H))q
(PhSi03/2)a(HSi03/2)p(HSi02/2(0H))q(HSIO(OH)2)¢

(PhSi03/2)a(PhSi02/2(0H))c(PhSiO1/2(0H)2)e(HSi03/2)p(HSi02/2(0H))a(HSiO(OH)2)¢

wherea>0,b>0,¢>0,d>0,e>0,f>0,0.05<a+c+e<0.95and 0.05<b+d+f <
095and c+d+e+£<0.40. :’

[0008] The silsesquioxane resins may be produced by methods known in the art. For
example, the silsesquioxane resins may be produced by the hydrolysis and condensation of a
mixture of a phenyl trialkoxy and hydrogen trialkoxy silane as set forth in U.S. Patent No.
5,762,697 to Sakamoto et al. Alternatively they may be produced by the hydrolysis and
condensation of a phenyl trichlorosilane and hydrogen trichlorosilane as set forth in U.S.
Patent No. 6,281285 to Becker et al. and U.S. Patent No. 5,010,159 to Bank et al. .
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(PhSig 3/2)a(PhSi @2/ 2(0H))c(PhSi O
1/ 2(OH) 2) e( HS CB/Z)b(HSlq 2/2(0OH))d (PhSiq

WQRLBpM63IB) O3/ 2) b( HSI O2/ 2( OH) ) d( HSI O( OH) 2) f  ( PhBLT{US2005/035235
3/2)a(PhSi q 2/2(OH))c(PhSi@ 1/2(0H) 2 )e(HSiq
3/2) b(HSI @2/ 2( OH) ) d( |q0-l) 2 )f where a >0, b >0, c
>0, d>0, e>0, f >0, 0005 <a+c + e <0.95 and

d
000l ob s Hrebetrdes s5in s Y ebodhieodn B s atptidopyye. Any
suitabBloh@afe dfRadnk BolvBe thdtidoes @t cx@IPd RinctidiRl group which may
si | sesqui oxane resins nmay be produced by the
parti¢ipate dn fhs repctipn mayrhgarehin madusingthgisilsasaeoxmegeine hipp solvent is

genera!%yﬁ}l éf) B %g%ﬁ{gf Q(g&)%g %gﬂ}li%}(%gak%s?}g?%% t%?altl v&fe?éhtt Bf solvent

and sfhh&raacthnty elltéridneyly Mo 19 weight peeedntd yT Hetreackipal midyyisel carried out as
and condensation of a phenyl trichlorosilane and
a dugh phassge fingler RS e Mane as set forth in U S. Patent

ondP SRR N R g

alipha#ss such 8s lt-ppxhtam Ihyxalrepxﬂ-ﬂaelﬁdnd and ieogmrs epdealiphatics such as
sol vent i‘/RSUI tabl e or gr sili c ne so] vent that

cyclopsaiangad G5 hﬁ?‘ﬂleaa?oﬂ???@lc EH’? I"’lS P%%?B%fzﬂ UEPE; pgipne, mesity ene
ether® %ﬁéﬂ ol gdfdfufaﬁ Cdibeafe! étﬂgleﬁ@gl vB8 H&BEY letheP reﬁﬂll'&ie@ycol

| sesqui oxane resin. The solvent i's general
dlmethyé dthen ketonensughtas metmsobutﬂscmeg(MlB@@rao nYclbla@@doma halogen

bR A ) BB SRS 36 opperen
chlof®B¥nARe; eqtefs stidh @y isogﬁyﬁs&iﬂ}raﬁ%d%réﬁyl popadiitdd asetul silicone
system [0010] Usef ul Fanl c solvents may be

solventsampy b¢ exemifiedthy bwmot 1mifed gicyichic ssl,amﬁ%ﬁl@h as
ot TU BB B BNy ARSI AR AR oty
used @Y @ ndikexaEsfsolwhey by bsussdch as benzene, tol uene,

| ene, nesityl ene; et hers such as, tetrahydrqfuran,
o013 oSEhmeacte%tyma@csﬂ%% SeqPIOARS eS8 B 0E CHPRG OBhe: dny

tempg{%glso IiWAoe hBf&aus ﬁ REsht SEER Aor TRl uting betne!
Shexanone - hal i

cyc none, ogen substi tuted
s1lsemjukm¢aﬁsresmc Wmcallylthmteactumtm aaraﬁd bat fgaempadtuae trthe range of 5
°Cto 1“5%h>ca w1tB 21% ?ezngge?at%redsuggested

[0012] The time to form the silsesquioxane resin is dependent upon a number of factors

—»L

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 readiiy determine the time necessary to complete the reaction.

[0013] 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 impact the
shelf life of the silicone resin especially when in solution thus its removal is suggested.
[0014] In the process for making the silsesquioxane resin, after the reaction is complete,
volatiles may be removed from the silsesquioxane resin solution under reduced pressure.

Such volatiles include alcohol by-products, excess water, catalyst, hydrochloric acid
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chl orobenzene; esters such as isobutyl isobutyrate and

propyl propronate. Useful silicone solvents may be
we@obizto ed by, but not limted to cyclic silPXEOSN05/035235

such as octanet hyl cycl otetrasi |l oxane, and

decanet hyl cycl opent asi | oxane. A single solvent may be

used or a mxture of solvents may be used. [0011] The

niof 5 Ko RrBSTAGE, Ml RN i B e

includ@ dsi@xehplel diseRaiongel | ation or cause curi ng of the

0015 s ackon Enpiep B heS Mo gt SRubbeic gtions
150

steps fijayt b%cd‘%mfe fbﬂ%t?}ﬂ}ﬂ%«% é; ﬁﬁ,@%ﬁéﬁ%ﬁﬁ%ﬁé &glre& @cgﬁlnz.]Fopéﬁample,

the s11sesqmoaca1m$mr may bé ﬁz&b@errsd Busotiddsrnt be réneovipey ﬂielsbbl,ent HEhe
and anmpbunt of silane reactants, _.and the_anount, of

meth@ﬁ@faﬁoy@m repyoval is geherition) andappmeropsethadyare syl ig the art
e TP Rl A3 AR RN S8 i
solid Iﬁﬁﬂﬁlﬂteaesm t:ax; bo ﬁpthcﬁtaﬂy lrchéwscdmi indhe se[lﬁ)é)dl@noﬂmh' Bdwmgor a

.C etion of t r t h b .
iy Rifna MGTRHHEN ol RAEFIGSEh STsnih e T Hped i he
reacti%ﬁ %s }ﬂ@%lﬂed OO tihal }K}%dl"i’crtta mn‘{\@%}ﬁng@ﬁhy g€ done by adding a

i zation, stripping or water washing
seconclarymohzani andsretriogimedhe fifshsolgert ahrpygh duyllawgafqr\sbemyple

th hel f Iif f
AcdifgfB; e B3t rngS f pdV o ot b SB0e] B nERRE Fisd ol e
solvehflort438in ra@&ﬁi%ﬁalfeﬁﬁomﬁwlvﬁﬂﬁ si | sesqui oxane reSI n,
after the reaction is conplete, volatiles ma

[0016]erf’am@ds¢sque§m| ig pargling Wihe sobenhandADRlipd i @h@léfftromc
dev1cs$ dgﬁ% r (:eosa%eg(sglggtgé{% 1% éo%énit ?freh{&%ﬁﬂ-glr tglé %ﬁ&g{]%wxane resin is
curecﬂ@llﬁdcﬁlbéﬂfeQiﬁltlkeﬁ'fbetﬁ/@cﬁaaﬁg and soI vents. Met hods for

ving volatiles ar nown in the art, and ncI
[001?lorTwﬂps lte elgeteqnig dexscona SptSPBugtey easwnﬁwli je si MieSh-based
devidef At ¢ pg £ﬁfag YaSed Je-%lc'ég | RGRGH E* AR fh@?ﬁeﬁm@aoﬁﬁ@%@ﬁ

|ona steps may be carried out to obtain t

semicinds@sipoimpoanst. rBpicallynthe Hevicesimpnikses o laast Boe smlanmhmlve layer

and a plurality of other layers comprising various conductive, semiconductive, or insulating

materials.

[0018] Useful solvents (ii) include, but are not limited to, 1-methoxy-2-propanol, propylene
glycol monomethyl ethyl acetate and cyclohexanone, among others. The ARC composition
typically comprises from about 10% to about 99.9 wt% solvent based on the total weight of
the ARC composition, alternatively 80 to 95 wt %.

[0019] The ARC composition can further comprise a cure catalyst. Suitable cure catalysts

include inorganic acids, photo acid generators and thermal acid generators. Cure catalysts
may be exemplified by, but not limited to sulfuric acid (HSOy4), (4-ethylthiophenyl) methyl

phenyl sulfonium triflate and 2-Naphthyl diphenylsulfonium triflate. Typically a cure
catalyst is present in an amount of up to 1000 ppm, alternatively 500 ppm, based on the total

weight of the ARC composition.
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the silsesqui oxane resin nmay be recovered in solid
formby renoving the solvent. The nethod of sol vent

WO 20906320 s not critical and nunerous nethods PCEUSENNF035235
known in the art (e.g. distidlation under heat and/or
vacuum . Once the sil sesquioxane resin is recovered in
a solid form the resin can be optionall y re-di ssol ved

[OOZ%ntéé{]egié‘s iar{}rrgtpo f(l)? gt %%?(?Igl A}{o(,? corﬁ?(% t%l{i1$% lectR q%c device

inclu® bvedtt nbﬁﬁﬁutbdll td, B@nfo%é@ﬁg, @Ep c¢£mg,e@ay-edatingr, ﬂbheccfahﬁglscreen-
product a sol vent exchan be done by adding

printigg @@(h@ﬁlﬁ?? sidievseferradmet llcﬁ@nfl? FE;IP Ce@fing nTYPlcaHY: coating
1nvol1ri1£‘br ?) ngfhﬁt éch‘?ltuc %@wcé Oa& b@ RP@S %'a@&iﬁé lgj%b‘?k&e

cen on i hsof ven can j ust
compo€ifiby kdthesaffaccodf thé qmmhg elettraic dehdeeng addi ti onal

amount s_of sol vent 0016] The sil sesqui oxane resin i
[002H, rirersolygnt 1 TS@B?‘%#(t ﬁ‘lﬁeé%ﬂaé‘e gyt ’ér?uéq%éet forgmthe ani-

reﬂe&ﬁlﬁ%&& df o A hofc AORLE dCTiHhS Fén%faﬂy c H‘f?rﬁéﬁ Heeclﬁhg HR coated

and the silsesquloxane resin“is cured
substmt@@mfﬁhenﬁampemﬁireﬁdr iaseffodattidogtiop GOkad toTytpmgaIHoy example,

the o TP YR PEREd B G iy P Qeh i Binelty

alterBRVe1G 4800 O IERERE (HP5F 315 €0 5 hihites, TREARE H260°Cf to@50°C for 0.5 to 2
sem conduct or conponent. Typically, the device

minutes rrpckn;smsﬂm of beastngomay lyeused dntlug thevaringgiep. Hatiexample, the

coatdsithfbiofi e b muien 10 SOMF. bt o, oW tion apeg or attowed
to stg[ng%%},tf,ﬁggsul solvents (ii) include, but are not

limted to, |-nmethoxy-2-propanol, propylene yc
[0022}o rBmprottgett thet silgesarionpng tesia the datsH sxmpesition ga%h@actlons with

o BB Pl M S BBTRAAS 5 S e

Inertwih@bhere$ uidfiel RGN mlmkesbﬁtlaWnotaimleadr’tamm@ey afi@ atgon9 By “inert”
w % [Q019]. The ARC conp can furthe onp
it is raea@a‘ﬁ@i tbgtea]wemne@mtam %SSE SO ppRpyd prsTorably less' thar’fo 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.

[0023] Once cured, the electronic device comprising the anti-reflective coating can be used
in further substrate processing steps, such as photolithography. When used in
photolithography, a resist image is formed over the anti-reflective coating. The process for
forming the resist image comprises (a) forming a film of a resist composition on top of the
anti-reflective coating; (b) imagewise exposing the resist film to radiation to produce an
exposed film; and (c) developing the exposed film to produce an image. The anti-reflective
coatings on the electronic device are particularly useful with resist compositions that are
imagewise exposed to ultraviolet radiation having a wavelength of 157 nm to 365 nm,
alternatively ultraviolet radiation having a wavelength of 157 nm or 193 nm. Once an image
has been produced in the resist film, then a pattern is etched in the anti-reflective coating.

Known etching materials may be used to remove the anti-reflective coating. Additional steps



10

15

20

25

30

i ncl ude i norganic acids, photo acid generators and

thermal acid generators. Cure catal ysts may be
we2@obizto ed by, but not limted to sul furic arCTUS2005/035235

(H2SO4), (4-ethylthiophenyl)g nethyl phenyl sul fonium

triflate and 2- Napht hyl di phenyl sulfoniumtriflate.

Typically a cure catalyst is present in an anount of

o AR B SABBILeERsA55 45 e  rocuc

a devidBhaeRlg thodesaBPbichitddr@s. of the ARC conposition to the
el ectroni c device include, but are not limted to,

[00244 pi TheohBEicegtingitqmpoasionn gan bpeired gdeVatenmesire aid they

oo I A OB b BHBERE P8 el BTG 1,
cand e S0 81 MDRASE AL OB 0, B A0
silses ﬁ%xéﬂa‘dﬁﬁalhg Q’gfﬁicﬁl‘l"ﬂ;, HQNARi- AL ER cob@RdldrodiRd Hetele Rdvelak

enove e si|lsesquioxane resin’is cured to form
(adsotptiony @ 193eff] 2 to vied anha (‘my(refradtive inslewrof ohiddoded/i ce.

ri ner al | onprises L h t .
00280 RO N2 S B RS B, SR s o e
invenfiBh At BBuld®elappciaRd By tho@ of SRl i ¥Rt that tHaged@d@juesldisclosed in

el ectronic device can be heated at 80C to 4500C for

the expiplesowlsioh Aol presentiteehmiduey disgovesuiby G 2psatardp fusption well
o L B YR8, L D o

its prabiice N BlotR@ers tHos® 6f skile fh thEart shualdpihdight bthe padsent disclosure,
el ectronic device nmay be placed i.np a quartz tupe

appregigihihigemagheRABges @A bswealedn the JpewEs emGodimais which gie disclosed
and sﬂ% gbgag% gg@ggiimﬁgr REQE G)?t;aoﬁﬂ%géﬂtih %%ﬁyih@ggﬂﬁ ah&@Sédpe 8F the

npositi1on om reactrons wth oxygen-or
inventianbon during curing, the curing step can be perforned
under an inert atnosphere. Inert atnospheres useful
herein include, but are not limted to nitrogen and
argon. By "inert" it ispRAWINESt the environnment
contain less than 50 ppm and preferably | ess than 10

FIG Ipghovofthorelagemshipihetvacs sd@i 83and me ¥hPh npth_@@ilsq;sguigme resin and
the relizﬁlr(r)%\s/ﬁlp pehRE ka@%f 81 St A'¥n i'n%hens(%ltsec‘fl{ib)'&e{n%%sin.

EXAMPLES
Example 1

i

Resin Synthesis:: TPh0_35TH0_65
[0026] A solution of 120 grams of PGMEA, 18.5 grams (0.0875 moles) of

phenylirichlorosilane, and 22.01 grams (0.1625 moles) of trichlorosilane were transferred to
the 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, stitring at 20°C for another hour after the addition of the wet PGMEA
was complete. The ratio of water to silicon was 2.2:1. The resin solution was concentrated to
approximately 10 wt% by rotary evaporator at 40°C. Approximately 40 grams of ethanol was

added to the resin solution. The flask was returned to the rotary evaporator and the solution
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The curing step is typically carried out at

at nospheric pressure although sub or super atnospheric
w@r@sseses may work al so. [0023] Once cured, tPET/US2005/035235

el ectronic device conprising the anti-reflective

coating can be used in further substrate processing

steps, such as photolithography. Wen used in

hot.ol i t hogr aph a resi o [ .0r med .Qver .t 0/ it

vas SR A08S RO iale bR Sl PG PR TRE gRfBA s win
additio sl BGMBRIEhLRNRHonSESs f(leered BfdtighG 26 hlicPoR PTAEMREY 8id stored
) conposition on top of the anti-reflective coating; (b)
in a 25fmale WIXE btfesi ng the resist filmto radiation to

produce an exposed film and (c) devel oping the

exposed filmto produce an image. The anti-reflective
Exanfid@2i ngs on the el ectronic device are particularly

useful w bh re | st conpositions that are i magew se
ResireSynbkesib: T0 @4stT @visol et radi ati on havi ng a wavel engt h

of 157 run to 365 nm alternatively ultraviolet
[002 T adA ablutinn bil2(hgrams wAPEMEAL 13.2 Brab®7(0H1626 malesd ofim

phen T GOpPERA"53 BRE TR FRESL R REAR b ihserrea o
the reéa®@t ufider nﬁf@léﬂ Al oMt STB00 gk SoMEIMBA WEEHD £ramk €088 moles)

the anti-reflective coating. Additional stepsor .
of watermwasi adged tecthe seliren of trighlerasilaraswivar agneheyr-neapd.eEhe eaction

ves R I B0 Gl BBl RIS v

was OS] Thensiodwaee t6 silietn s 2.0vie Mhe essde sdlttisrewasdviicentrated to
t hey Fr odu%e coatings that can be renpved by strippi rhg
approxémaieyoHs Wi by refary, cvapomatas gt +0YCriAppraximately O gragnspt ethanol was
‘ 5 achi . i i : %
o B8 B SRRl A fRAEE hA STl 20w
The sbyrpionavdsydilutddeo 40 twt%e with edditioreal PGMEAg SThersobitior evas filtered

her ei n. have dsor pti on f..>0Q to -1.0 and a
throughn G dumicicn PUAE Fliget Seredind B0 L HBREGGS The
fol'l owi ng exanpl es are included to denonstrate
preferred enbodi nents of the invention. It should be
ExammeBeci at ed by those of skill in the art that the
_techni quegpdi sglosed in the exanples which follow
Resin sprthesnitl t@ohhiogses di scovered by the inventor to

function well ) )
A solution of 120 grams of PGMEA, 7.93 grams (0.0375 moles) of phenyltrichlorosilane, and

28.8 grams (0.2125 moles) of trichlorosilane were transferred to the reactor under nitrogen.

A solution of 200 grams of ,PGMEA and 10 grams '(0.5 55 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 after the addition of the wet PGMEA was complete. The
ratio of water to silicon was 2.2:1. The resin solution was 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 striped once more to approximately 20 wt%. 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. |
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in the practice of the invention, and thus can be

considered to constitute preferred nodes for its
w@e@ensse0 However, those of skill in the art BEDUBIN5/035235

in light of the present dis® osure, appreciate that

many changes can be made in the specific enbodi ments

whi ch are disclosed and still obtain a like or simlar

Cont resul tgvmtfrﬂeoi:t departing fromthe spirit and scope of
: DRAMYNGS FIG 1 shows the relationship

nole %h in the sil sesqui oxane resin
Resmb%h‘lﬁ% reI |on§ﬁ?p between k @93 and nole %h in

A solifién ﬁf 1%%%’_58?%%{@%' ?g@%@? BY7 R 6f ﬂheﬁ?ﬁhéhlorosﬂane and

ynt hesi s A solution of
24.29§grams (@1 6PGhElks) df&n&hglltlmhhoréﬁlaﬁlﬁ Veererbhesiyrrefto the reactor under

nicodp X relpir ek et ROV @ Ly BRRosRs s PEp A was

added'%dtﬁé sd’lhﬁ&?&ﬁﬁcbﬁr@sﬂ%ﬁ@s'o@@r PbnBOrPeABB. The Pe@% whdallowed to
O grans (0.555 noles) of water was added to

body,ssbirung atrR00E forranotieo how dfignths adddionat @hﬁewct&ﬁMﬁér W@Sjcomplete

mhe RSS2 bRt e Ry loimacty

10 wOR BP k&hS: evipratorbt 40°0f Mpt@imbhR 140 beak dﬂ@ﬁlaﬁoﬁwés adﬁe@ to the
resin solution was concentrated to approxi mat el(y

resin gologipy. Tha mlgtlm@ﬁﬁtgpqﬁ'ongg mee © apRsprieieat @Y oq J he solution
was QifufiTFiodD vibA BBl IRSRAIRATEAC TSR Rt ddIhaulRE 0.20

o the rotary evaporato

mlcrcﬁﬂP"DIFE ﬁ[’tmdsstdréd)ﬁﬂa DSCRLHDERE thottkppr oxi mately 20 w %
The solution was diluted to 10 wt % wi th additi onal
PGVEA. The solution was filtered through a 0.20 micron

Com%ggv%ﬁ%ﬂegnd stored in a 250 nL HDPE bottl e.

Resin Synthesis: TPh0.25 TMeO_75
A solution of 120 grams of PGMEA, 13.2 grams (0.0625 moles) of phenyltrichlorosilane, and

28.0 grams (0.1875 moles) of methyltrichlorosilane were transferred to the 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 after the addition of the wet PGMEA was complete.
The ratio of water to silicon was 2.2:1. The resin solution concentrated to approximately 10
wt% by rotary evaporator at 40°C. Approximately 40 grams of ethanol was added to the resin
solution. The rotary evaporator and the solution was striped once more to approximately 20
wit%. 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.

Comparative Example 3

Resin Synthesis: TPh0.15 TMeo_gs
A solution of 120 grams of PGMEA, 7.93 grams (0.0375 moles) of phenyltrichlorosilane, and

31.77 grams (0.2125 moles) of methyltrichlorosilane were transferred to the reactor under

nitrogen. A solution of 200 grams of PGMEA and 10 grams (0.555 moles) of water was
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Ph H Resin Synthesis: T 0.25 T 0.75 [0027] A solution

of 120 grans of PQGVEA, 13.2 grans (0.0625 nol es) of
w@b@apbizeé chl or osi | ane, and 25.4 granms (0. 1875P@DUSEN5/035235

of trichlorosilane were tramsferred to the reactor

under nitrogen. A solution of 200 grans of PGVEA and

10 grams (0.555 noles) of water was added to the

sade b WSl G 5 o BB DB et o
body,aé@i%ﬁ’gec{t 2o Forddnber hdiR afteflihkiagaitioh of kiR W&TCH@EAVMmpIete
conplete. The ratio of water to silicon was

The ratieof waientosdliaoni was 2t Thatesin sglian Ve C@ﬁﬁ@wﬁd&p@wromately

10 wtlg'P B ot/%t?%é/%ﬁggﬁ af X@@gg@épgg){ﬂatuﬁlgag ggﬁﬁ@éﬁ%ﬁ%ﬁﬂ Wa¥ g?.(ilcgd to the

resin SQutiéi. OThe/\Rtar$ bvaﬂMomﬁ&hMen@mwapﬁﬁpe/d dif&ie&hcyre 20
W% The solution was diluted to 10 wt

apprma@hya@am%@@xsolw W dHuteshton Wi Mﬂ@r@é&l’f{oﬁﬁ%w The
fydat
solut%htzx{)als 'ﬂt%%)%qmpﬁgﬁg O'F%Q Iﬁ ﬁg{;ldlr‘] ?i'i 9 %ﬂsdlnséﬁ'e%lt’r%a %%0 iliﬁgﬁ[g)gE bottle.
A sol ution of 120 grans of PGIVEA 7.93 granms (0.0375
nol es) of phenyltrichlorosilane, and 28.8 grans

Ex 125 noles) of trichlorosilane were transferred to
TPht H reactor under nitrogen. A solution of 200 grans of
0p and 10 grans (0.555 noles) of water was added to

v 35 S U LR BRC BT R0l T 08 POYIzy 0

phen%%ﬁlcfr@iﬂaﬁ@ e g hm20 mafe).afichltostaith Q700 0. ZOhﬁol‘ﬁ)EfThe solution
was conplete. The ratio of water to silicon
was qoled tq 20 TRamndensg wtrggcmﬁtm@ﬁm%%wéaﬁ snEal @@ Sersrate flask, PGMEA

50 FRBHEHIRLSY 750058, 000 YRR 06 151 ] Gomognons
watet/BGMEA solution was then added to the reactor over 90 minutes. After the addition the
reaction flask was allowed to body for two hours. The solution was concentrated using a
rotary evaporator to approximately 21% by weight resin at 40°C by removing most of HCI as
vapor and a small a mount of PGMEA. Next, ethanol (50 g) was added to the solution and
the flask contents rotary evaporated to remove the ethanol, residual water, hydrochloric acid,
and PGMEA. The solution was then diluted to 10% wt by the addition of PGMEA (Yield:

357 g).

Example 5 ‘

Resin: T 7T 0.3

To a flask were added propylene glycol methyl ether acetate (PGMEA, 140 g),
phenyltrichlorosilane (71.0 g, 0.34 mole), trichlorosilane (19.7 g, 0.15 mole). The solution
was cooled to 20°C under-a nitrogen atmosphere while stirring. In a separate flask were
added PGMEA (350 g) and water (15.90 g, 0.89 mole); The water/PGMEA solution was
added to the reactor over 90 minutes. After the addition the reaction flask was allowed to
warm to 20°C and stirred for two hours to body the formed resin. The solution in the flask

was concentrated using a rotary evaporator to approximately 21% by weight resin at 40°C by
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solution. The solution was striped once nore to

approximately 20 wt % The solution was diluted to 10
wowesnsI3ko addi ti onal PGVEA. The sol uti on was fPCT/@8md5/035235

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

nmL HDPE bottl e. Conparative Exanple 1 Resin Synthesis:

T 0.35 T eo0.65 A solution of 120 grans of PQVEA, 18.5

om0 1 5 PHLE 0 SIS bEPL P98, MR sl 0 ) v

addedvrtle bolatisd ad the flask ¢diﬁerfteﬁﬁzir§>revamdﬁed t ﬁenm;gre whe éhanol, residual
sol utiaon of 200

r 559
waterBydrgghlggic wafie@nfﬁé‘é@éd éféletsglupﬁ% W&WP%&Hteéfto 10-weight percent

Lﬂ_g&i PN our period. The reaction
resmwg @g\i\a@dﬁ{to bgg(t%%ltal %tl? g at 2Q0C for another hour

after the addition of the wet PQVEA was conpl ete. The
rtloof ter t05|I|convva5221 The resin
‘ g rated to approximately 10 wt % by
rot ary evaporator at 400C. Approximately 40 grans of
[
The bl fhe 4 Sl el B bRt DS P O 00 s gl B
PGMEA soluttom wassigt ﬁltt&raﬂthrmgih OR20mvictoh me?m filicvraad tHeGivhiA coated

onto ;tgq?c} : Llﬁé@%&%ﬁ@ﬁl&#})gﬁ (I;ﬂ[, Ee% AN B’@ etr§ er gou%[fe su]-ed polished
FTIR%%EE@(%M&@@EWO f; BS&H&a E@@&L $000, the?= 20 s@&mag Films

ution of 120 amso 2 grams (0.0
were coted s a tfmyeinatnyd (t2®0 2h0 O pforr |9&|seqondmis ipdicated rnaifables 3 or 4 using a

5 nol e th hi I
rapic ] Brop R RL O VDA TR B PG HC (A Bickppesyefiactive
indexdndd0Mh1eK Wofe dekerRiAVEAsRRG LA WedTRnd &lipsomdidt TR tfkness values

wat er was added to the solution of trichlorosil anes
recorgedeyvets thiravanege ofpéne r@@asunemenﬁ% 3&1\{1%4& rogastangl|abig eure was

‘deterglgngelﬁtbygr%éa{gw'{}% th%tﬁl%l%s qu ?ﬁ‘c[ %e ] a}it& r1ns]@ The wet

remoVElirete wWaB aSsdssetionith @ éanm&rmaTh@t steipping Solutibh NVESI and CC1.

concentrated to approxi mately 10
Contact angle measurements using water and methylene iodide as liquids were used to

calculate the critical surface tension of wetting using the Zisman approach. Results are given
in Tables 1 — 4. '



wt % by rotary evaporator at 400C. Approxi mately 40

grans of ethanol

to 10 wt% wi th addi ti onal
filtered through a 0.20 mcron PTFE filter and stored
in a 250 nL HDPE bottle.

Synt hesi s:

was added to the resin solution.
WO oa0a/§s3el apor at or and the sol uti on was stri pePCDOS®05/035235
nore to approximately 20 w®b

PQVEA. The sol uti on was

PGQVEA, 7.93 grans (0.0375 nol es) of
phenyl tri chl orosil ane,

react or under nitrogen.

The

Conparative Exanple 3 Resin
T 0.15 eo0.85 A solution of 120 grans of

and 31.77 grans (0.2125 nol es)
of methyltrichlorosilane were transferred to the

A sol ution of 200 grans of

The solution was dil uted

PGQVEA and 10 praps [0.p55] no] es) of waterf wasad@led|to
the solgtion pf frighlpropil@anes over a qgige-houl
periodigThe~rpactiop was pllpwed to body,| gti+ring|at
200C f ¢F art her| hour pfter the addition|& the|wet
PGVEA Wwas conplefe.| The rptip of water tqsikfcon pas
2.2:1. hegesi ni so| ut | on| yas concentrate@t%
appr oxi gat & y|Q Ot P byr g ar y evaporator%t HOE. | [
Appr oxiHratelH40grarsef—ethanol was addedte—he
resin selutiop. [Thelrotparly eyaporator andsthe solution
was st e& once| nofe o Rapfoximately 203 The
sol uti 0B s & |TedRt 21w % wi th addi tiiebngl RGVEA. |R
The solﬁtioﬂ nasttefet—thr ough a 0. 20 ﬁcron PHE
filter|gnd stpred ip a| 250 nL HDPE bottl e5 Exanpl ef4
Ph H T|8. 51&'1‘0 5o g f asl:ﬁwere added 1205 of
propyl ¢Re yeol | met hy|_elfier acetate (PEEAZLLR ,
phenyl Frgi L ofs|Eale (@231 g, 0.20 nol ei)@m 3 s
trichl prosiTape {2709} g, 0.R0O nole). The sol ution|wa$
cool ed|{to 20 C undel aj nitrogen atnospherle whil ¢
stirring. To Asepardt (f |Ask, PGVEA (350 g) -~antsiweEena
(12.96(g, B. 7Renihe)iwsbe|Rdded and ni xed; t&e vAI IR |K
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wat er / PGQVEA sol ution was then added to the reactor

over 90 mnutes. After the addition the reaction flask
woa@eabizewed to body for two hours. The sol utiPCT/MER05/035235

concentrated using a rotaryjgvaporator to

approxi mately 21% by wei ght resin at 400C by renovi ng

nost of HCl as vapor and a small a nount of PGVEA

Next, ethanol (50 g) was added to the solution and the

flask contents rotary evaporated to renove the

t.h Phr ual water, hydrochloric acid, and PGVEA
Taeliﬂ ggHEtlls;nr%as then dlluted to 10% w by the

' ' b 9L s
-{ggrl‘r%’ T BaYc'?T 0. a| kﬁ%\%er 6 a%ggap )pyfsene ®
gl ycol Ehibleesag afiat e ( PGYRPGMEAD g) after | after CCI

phenyltrlchlo il ane é)?. <. 0. 34 nol e)
trichl drdsil an@(w 7 Gé/ﬂg@%é%l &Y The spNidon was

o0t et |14, 200 der & gy rogen @tgg)spner(,lwl 8 100%
gti rri ngﬂ)ol n A tgg’par ate ?% ask wegre added z (350 0g)

and wat(ex25( 15} 2227y, 0/8970wl e) ; |Re wat er 100%
sol uti dn, was dt he. react aor, gver 90 .
After tlHVadd Sdf;n thetzllgaacti on fQ' sk was EWV 2109((’4’
?/armtoz@wp AUiTiegsfor twa ipfrs to|heed, {Neo%w
0 S

rmed [resin e soluytion in the flask
concent|r225ed |235lg a @850y evapd@t or to|100% [100%

1
approxijnatel y % by Weight resi 400C
nmost of% asgé%/fpor cﬁé%g srrallrba unt ()?MWGNEAOB%
XT, efnol | 138k 0) V@33@dded 1@ gdie Sol ihpes dneovhe
| ask clontents rotary|evaporated to renove the

et hanol |,225esi p2348 wat e235hydr ocHIORQ ¢ aci ¢ 108%d |FEHEA.

The soljutd.on hen t ed tc s wei ght Cq 0
resin b&gtohe ;\%gﬁl on 06}?17&5 I"el d: 450@?‘2’ Fiqltor%A’
Coating and Characterization The filmcoating on

waf ers was processed on a Karl Suss CT62 spin coater.
The resin




PGVEA solution was first filtered through a 0.20
m cron PTFE filter and then spin coated onto standard
W@ 20wgloes3gd de four inch polished | ow resistivitRCWEEE05035235

or doubl e sided polished FThR wafers (spin speed
2000 rpm accel eration speed
seconds)
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on the electronic device. 2. The nethod as clained in

claiml wherein mhas a value of 0.10 to 0.50 and n
whamemessad ue of O.10 to O 50. 3. The nethod as PCHUANS/035235

in claiml wherein in the sijlgsesqui oxane resin | ess

than 40 nole % of the units contain Si-CH groups. 4.

The nmethod as clained in claiml1 wherein in the

si |l sesqui oxane resin 6 to@ém# % of the units

contain Si-OH groups. 5. hod as clained in

claim1 wherein the solvent (ii) is selected from

WHAT TEOIXANED 19 opanol , propyl ene nethyl ether acetate
and cycl ohexanone. 6. The method as clained in claiml

wh . he. o o ' . . o of.

1. AZBfhE P oSl HARRRLS SRgahh dfeeithitderise bhithling

(A) dpplyifg tovei Electr@fc ddvideBOART @ingiositibnwbmpskingt he ARC
conposition additionally contajns a cure catal yst. 8.
The arﬁelﬁwaaloa@necxeanrhéwngﬁh%f%nﬁial wherein the ARC

o LLE'H LS@%SI%#&-i%@i%%ﬁ&‘i@Es;?/% it oxane. reai n
i . ing. 10. T i i
o ufeieEiRE P oot PasdaindE e o2 R bR Ep B g5 0 0.95.n

has X8dkd 1D, 68 1030 HSARENM AL WL hAd t he range of 1500C to
27/50C. 11. The nethod as clained in claim1l wherein

t h@i)sisbbesgandxane resin is cured by heating at a
tenperature in the range of 2000C to.25Q0C. 12, .Ttﬂe. .
(B) THEPH8 BSCUTR AR EQS PRI Fi dorm ab antiretve coating
on theldiceBofidideyRRe resin is cured by heating in an inert

at nosphere. 13. A nethod of formng an antireflective
coating on an el ectronic device conprising (A

2. ng ﬁ)lﬁﬁogl%ﬁ tépair%Qd 1enI C zﬁ}nr P%@reﬂlexli 158 a%hig‘%?Oﬁ%n[B Q)séd én(a'h has a value
0f 0.10 to 0.50.

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

of the units contain 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 wit% 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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(i)a silsesquioxane resin having the formula (PhSi O .x
OH HSIQS-X 2(OH) X)n where Ph is a phenyl group, x
whameaeisad ue of 0, 1 or 2;mhas a val ue of 0. OBCT/O§2095035235
n has a value of 0.05 to 0.995and m+ n 1; and (ii) a
solvent; (B) renoving the solvent and curing the
si |l sesqui oxane resin to forman antireflective coating
Is or resi st
8. TR bl RROE R 1 e SR oot 4 BRh oo
coatagg.cl ai med in claim 13 wherein the reS| st image is
formed by (a) forming a filmof a resist conposition
on top of the anti-reflective coating; (b) inmgew se
Stdi il .
9. ’Ig%(éggiﬂé chﬁnfe?%;xﬁ gf/lel vgﬂpe:'rér}llértt 1@E§q‘g xtafée %F@ﬁhyt&grea%y heating.
produce the i mage. 15. A met hod of formng an

tireflective oat | ectronj c device
10. ?g‘ﬁﬂ? %gﬂd E 1?11’%8 vihgred, the silsesdgioxanefesin e cyrd Ribeating at

R IR si | sesqui oxane resin
ate‘ﬁgi‘?ﬁ‘?@ﬁe rorggngfg (Pﬁ%%éog Xy2(OH) )1n HSi Co- X 2(COH)

)n, where Ph is a phenyl group, x has a value of 0, 1

11. gﬁisgie#g&agglaéwa of O n. has a .valu

hg{%n %% S?lSégqglgpcwﬁpsm (1%7urec? {)y heating at

atelﬁpé’fﬁtﬁtd’iﬁtﬁéﬁng@bﬁgﬂ)WC&BQSWl ng the silsesqui oxane
resin to forman antireflective coating on the

el ectronic device (C) formng a resist inage over the

12. ?ﬁg lrr(eﬁ{od%g tc* ? a8 llaiﬁ?ﬂ ?ﬁv‘ﬂgregnD’ghe%glgehsiq gne%ggl}l S curecﬁ1 by heating in

Fe
an inert atmosphere.

13. 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

(PhSi03.x)/2(OH)x)m HSiO(3-x)/2(0H) 0,
where Ph is a phenyl group, x has a value of 0, 1 or 2; m has a value of 0.05 t00.95, n
has a value 0f 0.05 t0 0.95 and m+n~ 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.

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.



10

15

20

25

30

16. A nethod of formng an antireflective coating on
an el ectronic device conprising (A applying to an
web@ess20 ¢ devi ce an ARC conposi tion conpri si Pgr/(83085/035235
si | sesqui oxane resin having the formul a
(PhSIi O(S-Xy2(OH) X) In HSIi O Xy2(OH) X) 11, where Ph is a
phenyl group, x has a value of 0, 1 or 2; mhas a
! . 5 _
15. WhURog br frid e 0@ Eodtol B A8 Hedn bk R ol
(A) applyingrtbag etdotosic ldseise an ARG enmgsition cnisisfgan
antireflective coating on the electronic device; (O

f ok FFesAHRNS Fesihgyingothe fo antireflective

coating; (D) e . a ro.J.n the i-reflective

film (E) r em{}’i%&%n@zf@éﬁxim Hsigeoaiine

anwh'efeeljﬂ g%tﬂhggylfglrcl)u , X has a value of 0, 1 or 2; m has a value of 0.05 t00.95, n

has a value 0of 0.05 t00.95 and m +n~ 1; and

(ii) 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(OH))m HSiO(3-x)/2(OH)n,

where Ph is a phenyl group, x has a value of 0, 1 or 2; m has a value of 0.05 t00.95, n
has a value of 0.05 t00.95 and m + n~ 1; and

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

(E) removing the resist image and the anti-reflective film;



