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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 nm 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 naterials are

193 nypeptied lighossqinby-hahemerged y8Tyaseentiyne thedsemology tpiprodugs devices
. s . for

it LR BEPRER e S g LS S

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 an antig.efl ective coati n..ar '

the cqriiPed A BRsRR PRl o[ Rly RSC TR A5G Wered, o

[00023N PHRRCiRRNGSpdrialR t6 SilRsisbREhe (ésies that Sbibdtdmixeffeetive coating
resin having the formula where Ph is a phenyl grgup,

propexfiesi for 19hamHight. gFlasp antireHgeiivg coglings cap be strippgg atihe pgmoval stage

and ﬂ%.a%%@sc%@c#éﬁe sind 'a%gst%l?e 8P(3rgstto%g%. agseﬁld‘gﬁiéﬂ ﬁ]leiﬂrﬁééggegottlaq?ydride

as a valu ;
groupginché silsesquisaing egsin is@nstn(isl) for twuesiregl dubepperties tndsidp-ability
curi ngRt he si, | sesqui oxane resin to form an
asalgﬁ?linr_ pé‘é%tF%' coating on the el ectronic device.[0004]
[00031h eIn?d WhiQ YRR $EFLrBEnto)a HEBSHbF foln ! 4H dddrdfle6tive coating
ntirerlective coating have the fornmula where Ph is a
on anpdbentroinideyine, codprisinga nmet hyl group, x has a val ue of
0,.1 or 2; mhas val ue 0.05.10 0.95..n has a
® apapially Seigsniy §iE ARG comoglith Supaits o 0. os
antha MidesGuibxekesithhdihg did fohilam has a val ue of 0.05
to’0.50, n has a value of 0.10 to 0.70 and p has a
val ue of O 10 t®hSOEy)1(08DR], ABD§L|/HHY)pxane resin
may be essentially fu%ly condensed or may be only
pawlidraPhyis & pheghgedp, Yhese vdiee &0, $ es Quiroheamevatesifif). G 5sto 0.95, n
parti al ls(f condensed | ess than 40 nole % of the units
has ajvaluerpd 015 toddpandaiter #dsi@Adshoul d contain Si - OH
ar 1 H .gh anmounts of these units can result in
[ n@bjgé?llvf’ tgm?({n the resin and the formation of gels.
(B) rehiiifi@tHeysobvehpardituning eh/gifsesdutoxand tesinito foinean antireflective coating

si | sesqui oxane resin contain Si-OH groups.
on the electronic device.
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[ 0006] The sil sesqui oxane resin has a wei ght average

nmol ecul ar weight (Mwv) in the range of 500 to 400, 000
wa@paepsBter ably in the range of 500 to 100, 000PCT/US2005/035235

alternatively 700 to 10, 000. [ 0007] Sil sesqui oxane

resins useful herein may be exenplified by, but not

limted to (PhSi0 3/2)o0.05-0.50(H Si03/2)o. 10-0.7q(M

l000€?‘2ﬁae?%é SuisrSrecigra G E Wi iopuetigehil dlarh paye he
form%lg iﬁdé:b(%x)@?gﬁ},ge %ﬁ%}@/ﬁ(}ﬁ@m wﬂere 137 S%h%% é%ui) X ﬁas a
value& of Ool%r 2aﬂldna§la Vaﬁle or9.05 tg 0 95en|has a[v ggﬁlf OB@?%O 35 aﬂd m+n=1.

si'I'sesqui oxane resins rmy be’produced by et nown

Alterhétldehem&l{ak a viue ofRanmdl0es, altbﬁaaﬁvélﬁ 64Qub Ox5@ne resins rray
roduced, by the, hydronS|s and condensat.i on of
[000511 xflmq% Isesquipxpipreresin thay be kessayisl V&Fﬂé}/ W&n%?s@hmay be only partially

| 0
cond% {e LM %ﬁ‘]l s"ﬂ@ {/b‘;(mafg?;f%ﬂl is &)51‘3% t%@gﬁ )}la%no?%/ Iéllolé’e % of the
units &ndleCsﬁMQmSﬁﬁneQBsm kheulp bemtyiln Sh-r(DH lghmpss Higiree ambynts ofjdrse units

trichlorqgsil ane and nme trichl o
can resultdp SRRARDIA L e A TR avigiveﬁﬁv%mnf 8P RSBl s mols % of
the uéll?é&lﬁqﬂg ﬁlsggqu?ox%ﬁé YERM con®RY SR @BlFs. Or gani ¢ or

I cone sol vent that does not contain a functiona
[0006]r olige silsesjnioxaye weainthas iapatightiamerapemotegolar weightifMipg in the range

or sol5 SaBoR SRR P8 R AT ShP R 005 rRGnezpo o 10000,
[0007qu ﬁ!‘s‘es@ﬁ&&ﬁ@ tesBRIREfP RerbtEni Phbdéx et 19! bhift dbvBiited to

| ane reactants, alternatively 70 to 90 wei ght

(PhSNE&QQEEhO}EE reaction may be carried out as a dua
phase or single-phase system [0010] Useful organic

|hfied by, but not limted to,
(PhSﬁg%%qg?gJﬂzgpgﬁéggggg:th as n-pentane, hexane,
P cl phatics such
(Phsg) é?@gg%%gggngﬁggg%%ﬁgggﬁéﬁ@&ﬁhp6nat|cs such as
ben t o] [ e, nesitylene; ethers such as
(PhSyQgyz dﬂﬁ%@@@bﬁgg&kwﬁéﬁﬁﬂb ethylene gl ycol di et heyl
et her, ethyl ene col dineth et her; ketones such as
(PhS sy PSR B SHo B CEH@3epe] ohexanone:
hal ogen substituted al kanes such as trichl oroet hane;
(PhSiCy, Dg@h8i@oh(QED)aRNSIO | 5(CH) A HBIOyDp EiliTiene(@H)q
chl orobenzene; esters such as isobutyl isobutyrate and

(PhSIBHH qHSioegrbmsmz/z(mﬁﬁaeHsmmm%e sol vents may be

but not limted to cycllc S|onanes

<Ph3?532§ﬁ@?§ﬁ?%%35?*‘3%€":ﬁ?!1@é@%&@iﬁi@% DI s

whert'88% ¥ >@ ¢ KW 6, £ OSP£\Oe?b§ <y he 44@@‘3 an[i@%]& b Ihﬁ- f <

react’ion’to produce the sil'sesqui oxane resin can

0.95 a@f ¢ #-eld+ outf ad.4@ny tenperature so long as it does not
cause significant gellation or cause curing of the

[0008]; | ‘Elessyjlseesioxane wesing mayyhe pragdycgd p angthodskngyyn jnsthe art. For

o o iR IRH 0L1001  fon or«

mixtﬁir'b msf atphefyd tinlkdxs sid hydeapeh oxAkexy stlandas set ethend281 Patent No.
a_ nunber of factors such as the t t he
57634 Ftokmatshal. o llemptively ﬂﬂ@maarh@roeimgg Sﬁa“ drdipiysipmd
condiftsy 3t o plcny PERARRclady R ddoch 1SRG R, b TBeh 3 U.S.
Patertt INo. 81281281 fo Brekeaddtel. tand TS diatont tet é,lOrH),dé9 tdBartki etl. .
necessary to conplete the reaction. [0013] Follow ng
conpl etion of the reaction the catal yst nay be
optionally renoved. Methods for renoving the catal yst
are well know in the art and woul d incl ude
neutralization, stripping or water washing or

conmbi nations thereof. The catal yst may negatively
i mpact the
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shelf life of the silicone resin especially when in
solution thus its renoval is suggested. [0014] In the
w@e@e®e2d or nmaki ng the sil sesqui oxane resin, BET/ER20051@35235

reaction is conplete, volatides my be renoved from

t he sil sesqui oxane resin solution under reduced

pressure. Such volatiles include al cohol by-products,

xcess .water, catalyst, .hydrochl oric.acid

000 758 P oBiniape (Ul it aRotiePa i Sanceraa solvent. Any
suitable FBydnitGor\siicdht k&S e tRatkdoeyvbticontalita Amkticiat giouglwitleh may

for exanple, distillation. OQlS%th'o' | ow ng the .
partigipate in tha reastipn sty %%I@TP%&E&J RHsRsqyiaxang rasipy fhe polvent is

of.. opt i.onal ri f.ai
sencfily B A3 aufhEP 5 R Sy T E e B BRI el of olven
and silbge foabtaits GilieMaaiRel yr70o 190 MeyeHy @ercento VEeaehction sidyi i carried out as

form by renmoving the solvent. The nmethod of sol vent
a dual phespar singlerpiiase pyst§®al and numer ous methods are wel |

no [ . fs t

(001§t et forigil BeliEnfly HEICR N 1 PDAR nIE (o PR
aliphaticsoducklad i0pemtahd) hex @i n-heptand) end oboaag; Icycloaiphat sodueb ds

in the same qr another SO|Vﬁnt for a pﬁrticuiar use. )
CyCloRPH@RR ] EIReXRIC: ArAFS I 3S BERATDRL 0Ghh &Y ePeT i lene:
ethers UethS8rdifah NGO EAR! &tBflend SlyESISliEtREY] bier, elB/1ddenAYcol

p g y be d by addi'ng a

roduct, a“sol vent exchange ma one g
dimestteyt othdg kytosed sushtas amthylisomyylikgtaned MIBKgtang oyslefxanone; halogen

t h h distillati | e.. Additi | t h
s A Sibla 40k SRR AR S0BL ryBensene and
chlofoBEMRX¢hA BsteABRcR bs isBButgpﬂsMﬁﬁ}t'raﬁrand(ﬂﬂd}M pespedriated Mabeful silicone
anmounts of solvent. [0016] An ARC conposition is

solvepitomay: belexpympdidiedibi gt nok Emifpd seesglic silawraes igh@s (i )
Oh A AR
o TP afd b R GATRRBHASGR: | 5 SABD otventmay e

1medb@agﬂmmhéﬁfbﬂ¢EM§ﬂmﬁbéﬁuﬂoxane resinis cured to
roduce the antireflectjve coating. [0017] Typical
[001{},0 Ty EasticsipProbiFe dbe $1§esau§>éﬁalf‘c@ﬁwg>? C%fé\?ﬁ out g

L ) . _ LLi A
e e Al
silsesmidxaneckyint Ay piaatiydiereactichyipcarakbd pyt athgendparatee in the range of 5

o . CONPrises at .l east one sem conductive |ayer and a

Ct iﬂ)ﬁawg@amtblwmpqr%%‘g%eé rising various

[Oﬂlﬁg NGYE Liin¥ So fHRITHE ANSHIGRIbYRe r&in IstRPbRdenDEhomBe @irher Of factors
[0018] The sol vent uséful herein may be the sane or

suchds tesemperafurathe type sod ewaunt of siderierreadianty aodithetanening pf catalyst,
if pre%sglgtl. ﬁléjglsc%ﬁg %Hegr)régcl’%f%{t?@% %f{oguigc{v%d S}'[rﬁ}n\l/t%sn {osse\gérhl) hours. One skilled

in th&'Bit AN Ve 2bleft6 Pesday defRbBiny e tem @ hydeatar el thetehstion.
acetate (PGQVEA) and cycl ohexanone, anong others. The

[0013RCFelbeping completion oif sl rraction s qatal¥stmaymeapsigralipommoyed.
v e o Bpb e SRS RO 0 S oyl B Batacin,

strippin@ b9 Jvatth &/adiRbgs 0 omabinkii@n tieaeoff uThbeatalysiipsy segativelyrimpact the
cat al ¥st .. Suitable cure catal ysts, include inorganic
shelidife @6 thesiisene BeitespesialarBesnARNtoRdhys rg@pyel 1s suggested.

[001%&n fl{ @Eﬁ-’)’@gsﬁqﬁ gnu ?{%ﬁb% ﬁiasg?qgﬁ?%gagﬁ;ﬁﬁ TRLd thé BDchdn isRidplete,
volailds aiaky bk kdthoydefigth thensilséygliopierigkinsolution undertreduced peessure.

and 2- Napht hyl di phenyl sul foniumtriflate. pjcally. a

Suchcyplatilesinglgs pleplol fyyaaradcts, frogss WAt @a@/o&hﬁ%@%ld
ppm alternatively 500 ppm based on the total weight
of the ARC conposition. [0020] Specific nethods for
application of the ARC conposition to the electronic
device include, but are not limted to, spin-coating,
di p-coating, spay-coating, flow coating,
screenprinting
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and others. The preferred nethod for application is

spin coating. Typically, coating involves spinning the
w@b@ee3r0 c devi ce, at about 2000 RPM and addP@iyusives/035235

ARC conposition to the surface of the spinning

el ectroni c device.[0021] The solvent is renoved and

the sil sesqui oxane resin is cured to formthe

antireflective coati the el ectroni.g devi

(enlofig i o 8y S B GaR B i L5 n e artand
includg%rieﬁﬂnﬁlé, @iildtlililétﬁ)napm i cati gn tb}/ Sloit ﬂni ng. t [ 8022]
(00154 dioilowHiecbelewrction faopradussithe silsepaUleRHH iR UREmbgof gptional
seps SR o LAV A SR e R Bl Y RTR e crample
the sifkB i(fxfﬁﬁe &s%x thgy BOrdtb it e, soautfe;:m By iretﬁ}\&ngl.ﬂﬁ&&went. The
methizboyolveBY egogal i ot SRR W) MRGEOREBC oA MEH TR i ghe ar

. o | . 1
o SEGH 400G BFGSEED, SRR 0f AR e scovesd i
solid fathe tHetegiacan be opti@etly cerdiswdvedin the kameat anothet aolslergrior a

.hot plates. [.0023]. To.protect the sils ui oxane r.esin
pertiqafas ke o ALETBHCN: Kt GRGToBETb Q5SS S AR the
reactigl)?,refitsj g%bgﬂeﬁ YorSthe @inﬁ%o@@ctﬂ?&fl%’f‘@ﬁcﬂdﬂg@ﬁlaﬁﬂc H&ES By adding a

ere. Inert ‘atnospheres useful herein include,
secordaty satventaid deimoivingdhe firshsalveny dhrongia disiildgsion, By examplet

.t is ant that the envi.ronnment caentain |ess.than 50
Addignel 6 Bt Sotaen g iondt SRR Cab Op inor B RN RaneOr e
solveRf &SAUME adlitidhhICdndunes Subivest. and renoval steps are

carried out is not critical. The curing step.is

[0016]y pThesilspquinrpnesigsious cembine midyfolvent pidapplied tim electgmic
. Sub_or, super ri . ..
deict oS B TRSPRET s B PSSR B Ml Siane resins
cured to@raite theedtiadleciiee coatihg.ng can be used in further
substrate pr ocessi,ng steps, such _as photoli tgogr,?phg
[001 7 ehypicsly theclpeieame RS aﬁﬁy}coadv%%ﬁ 1CenRge ap §Hico -based
devicIe%[Ef%uﬂ}fﬁ Erskﬁfae%éécr&e%fée?ﬁkén\é@d ¢9alsk Rthe IR RARESEa
or rmng the resist 1 nage conprises (a) formng a
semiddnduetaf compomsits t Typivatipsthe devicocormises hit ledst one semiconductive layer

anti-reflective coating; (h) inmagew.se exposing the. .
and sy O o 18 PSRl PO O o R O ynsulating
matefid)d (c) devel oping the exposed filmto produce an

I mage. The anti-reflective coatings on the electronic
[0018]eVUssdul apkyeptar(ti) ingluale] ut exsafot limijetlfio.r lewpthpxy-2-propanol, propylene

onposi f i hat  are; i ewi se_exposed t t iolet ..
oo SRR PR 5t SBREH O IRIUGHE TALARY) Moo
typically Sni}sey Bbih abolut 800 @b Sout 890aVHHEoIRAY bik@d@dn the total weight of

wavel ength of 157 nmor 193 nm Once an i nage has been

the ARG emnepegition, alfgsnatie]s80 ©i A5yt ohen a pattern is etched

Ln the ti-reflect] el i RQG:
o019, AR S bl R BOPLU G IS, St e cay
inclu@®aioigafic abilid] Hhaao atid Yergstony andah@viiah geill penaratoiss tCure karalysts
and remaining anti-reflective coating nay be enpl oyed
may boexphpiifieé by, e not Bmitad tongl firtie acid(Hr,B804)a (4 bihiykbiophenyl) methyl
[0025] The follow ng exanples are included to
phenglesuifosittmatiflater el Nephthytdgehenglsofoni fimtttiflate n Wenicaldna cure

shoul d be. appreci at ed ose of skill in the art
catal {44 g QR aister o BeroB0da AleRet s b fskpon the toal
weightdfiWA RERIBSRRItionechni ques di scovered by the inventor

to function wellin the practice of the invention, and

thus can be considered to constitute preferred nodes
for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate
t hat many changes can be nmade in the specific

enbodi nents which are disclosed and still obtain a
like or simlar result w thout departing fromthe
spirit and scope of the invention.
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EXAMPLES Resin Synthesis Exanp le 1: T 0 .25T 0.30T 6
().45 A solution of 120 granms of PGQGVEA, 13.2 grans

W@ 20000&820m01 es) of phenyltrichl orosilane, 10. 1BCTUS2085/035235
(0.075 noles) of trichlorosijane, 16.82 g (0.1 125
nol es) of nmethyltrichlorosilane were transferred to
the reactor under nitrogen. A solution of 200 grans of

00 R B L S e I B

incluf€ buste ndhBmite& 3, spif-coating ldipv&ding Ospbpdyatingy, flowi-ct@tiag, screen-
20 C for one hour. The resin sol ution was then washed
printing erd e®ersni Thoiprefstred methodippanplication s spiiceating etypically, coating

r
1nvolégs ﬁfﬁ%\‘gﬁ]? eYecﬁgriJ% d@ﬁ'ﬁ? %Et a%é]d?%ggb SR?@P afid g&%r)lé ehd RRC
comp@mb@m ﬂﬁts&i'ﬂice?(ﬁf ’dﬁé $pimding electdomio de\hbten dl l uted t o 10
with PGVEA. The so| utjion vvasflltefedthr ha .
l0021d zHlerﬁoéve&hlsmeVﬂ mdéL c BRSO 155 5 OPIRd o anti-

reﬂegf% uiﬁlngég'l 1‘815 %%Eﬁomc 21%7 g }nnn%l %gn%F lyii%gglp%?)gsﬁhseagﬁgml doated

substREvio/s, suffciost tgm@amtt(r@foi 24 frodrd slpratibn to lead to curing. For example,

e B I By R PGP Y S5

auerdaﬁ%lyhtsm@ o @15@@ fLAHED. 98S § nadaies alt&n@ﬂ%@@’@ fé%@“'c for 0.5 to 2
trogen. A solution of 200 rarrs of

mmu@psan‘kn}( Deths8 offbeain ndy hvaused dvuaag te¢eting eteph 3 @tampl@ the

i chl or osi Ia es ov The
coueleelbBit e B Rk e i g R ey yen gpllowed
to Stglﬁg@ﬁhoﬂ'plgtegem n soI ut| on was then washed with 100 ni
DI water and the water was discarded. Approximtely, 40
[002r aFesprstecs thecsilsesawipsangrgain of §1e ¢rated semposiipn tfnoahreaqtrpéls with

R

Inert Wisosphéree uefult Herain ghllmeleﬁ&rmharlﬁmteBTE hitfdgeh @nd argdn. By “inert”
stored in a 250 nL HDPE bot Thi ck 2147 hA
it is et gy the|enylromoenE CONAIn lgssgh anr YSQ PR PG Drsierablydessahia 10 ppm of
| 2
oxygénrgl EIE‘J)%? %mt ri chlugfrl%y I ane o) %épg%‘g?%ﬁé@? Qt.llg gieritical.
The ewping sdepa$ typnaaﬂbtlcanmdlohaat@,unﬁﬁ)h&ﬁc grefQud althrplgb syib of Super

thyltrichl orosi Ignle were added to a reactor under
atmOSPHCHE PERSSUES WEY WIORSGf 200 grans of PGVEA and 10

[0029¥ ahcé PuredSthiRle@&dniO Heviod EsmpRsingthe @i fréflddfi®e SOAtiHg c@R be used

of trichlorosilanes over a one-hour period. The
in furthen subsrataerocessingwists.tsyclbarighotalithegraphy. AVheousediinr one

MBS ISR .
form@HgahSresist Bhdpanempiiess (@ptesitg filie of £fkist Sahpdsitiuh onfiop of the

solution was stripped to approxinmately 20 wt% of solid
anti-wflectivieeraidng; (bkignagewise cypasiig the ressi/EI torradiadion e peaduce an

|
expog rlé{d 2h§ fé%ﬁ&@%ﬁ%@ EIB%E%BO A thﬂx{:{o od:) -EE éoﬁégﬂlééee gl’%g '3%’1-reﬂectwe
coatlﬁgslorﬁtha eld&ﬁ‘@m@ AdvicExepartictladly: uséfud w|1tb, ré&si8 @ompe}iti6hs that are
lmaggrgfisétg%g%ﬁg %éﬁ@m%ﬁq?g%@sﬁl%}oa&wm W&\@?%g{hg‘?@ 9{‘8%%%? nm,
alterﬁg?ilvﬁl?)ult%w @c &l a‘ﬁF)Q ﬁh\;l & wa%gleﬂgtp%f (87 A $FA98 S, Vnce an image

I'trice oros ane retran erred to a reactor
has eadpodncddriaglesresibt Slod, dhancnpatferPB3@tchediimstho inth@hlivhtise doating.

10 . . . .
Known etching materials may be used to remove the anti-reflective coating. Additional steps




10

15

20

25

30

grans (0.555 noles) of water was added to the solution
of trichlorosilanes over a one-hour period. The

WO e@e63320 was al |l owed to body, stirring at 20 ECT/082005€35235
hour. The resin solution wasg then washed with 100 nL
DI water and the water was discarded. Approximately 40
grans of ethanol was added to the resin solution. The

el AR O BB S 2R B e
a devitB halinbties @skirbd hRBELt@e0. 20 micron PTFE filter and

stored in a 250 nL HDPE bottle. Thickness = 1992 A5
[00244 = {TeaAR Cieeptiznempestiong cambbe gired stdoyeniernsiatpeppnd they

sy S g AT R AR S5 1.
S

silses§@Bx MAREInO Ty \ 1R £htil R 1L @ BcobBn g3 o Miie8 hbredh hWRLSE
s added to“the solution of trichlorosilanes over a

(adsorptienh @F93pdTr +@th ~1Thend @ &'t (refrackiae inslekpoled 1t5dodetly,

e e L P R
invenfib&.C &/HEEId bARPPRYafFAILS tHokb kNS t10f artHab el teoMasquasidgélosed in

to the resin solution. The solution was stripped to

the exapmescvhigh doNovpepuasentdechnifued dispreyverasdry tieliteagprite fupgtion well

o W% wit h PGVEA.. Th ' ' .
o L O B8P B moces o
its prisict| BlowkRég kives of skill 32de Art shadld 638 Gighks0thd PEeselbdistposhie,

6; T o.lqT g.7()T ().20 A solutiqn of 15,0 granﬁ, ﬁf )
apprepigfethat manypchangesscap p@g@eﬁgﬁlgsgpeggc embodiments which are disclosed

L LIk . OS] |
and ot 5B KR OGR! R il S PAERE ok rESpRfEbedl of the
inventiehhyl tri chl orosil ane were transferred to a reactor

under nitrogen. A solution of 200 grans of PGVEA and

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

solution of trichlorosi FREWINES a one-hour period.

The reaction was allowed to body, stirring at 20 C for
FIG lostmwsahe relatirship betvesn @il 8Fandarole Hehh st sesiuiaxaggesin and

. DI, .wat er and fe di.sca d. i mately
the repgiogstifibeifechiian Of afEinBle 4 BN RS R lor 4RI, on
The solution was stripped to approxi mately 20 w % of
solid and then diluted to 10 wt% w th PGVEA. The
solution was filtered t H%4YPIED 20 nicron PTFE
Ex gi!gger and stored in a 250 nL HDPE bottle. Thickness =
A, n:1b610, k=0.202. Exanp le 7: T o.19T q. 35t
. S ' f 120 granms of PGQVEA, 5.29 grans
Res%%’.,%@gﬁ?fbiséésg:‘ﬂogﬁenyl trichlorosilane, 11.85 grans
[0026]0- A881ukBh 88) 20 bratisiof PGMBAI | 815 @rand {00878 nidlesh 38
mol'es) of methyTtrichiorosiiane were transferred to a
phenyleibi aosilandeandi2tHgyams (A1 €25 moles)rpf dfictd o®syangrmere fransferred to

e et RO Lo L g5 ot

of wat@ Wahdddd & the aslulieof@ishdkdsAMEd ofver Lo hoEtperibll NThéfeaction
20 C for one hour. The resin solution was then washed

was aliowted 10 bod. sthrringeat 80°Cafen anotheroue pfterdhe addidon akthe wet PGMEA

LOxi gat el rans...of et I S :
was GRS TR Pl ot e i o S22 s bR vl Boneeniated o
approXRBERKI TRvEk by 26tait Seapbratsdlat 40°@N A gphexintitdly 4@ grants cf@thanol was
w%wth PGVEA. The.solution was filtered through a i
addedtopihe mesinr njution-iI eiflask vas mefumied ftde rotaty vaponor gpybthe solution
bottle. Thickness = 2008 A, n=1.610, k=0.202., o -JPh
-pH - M
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Exanple 8 : T 00.i1nOT 1 00.4455T 0.45 A solution of

120 grans of PQGVEA, 5.29 grans (0.025 nol es) of
wW@b@awbizet chl orosi |l ane, 15.24 grans (0. 1125 noP@RPSN5/035235

trichlorosilane, 16.82 g (0.74125 nol es) of

methyltrichlorosilane were transferred to a reactor

under nitrogen. A solution of 200 grans of PGVEA and

0 grans (0.555 nol.es), o er., Wa dded t.q .t 0/ it
was stipehigh P B PeHTIPREET AhEEb o SaBRESHs R, tgwos wie
additibhgl PEGREA. OThedfutInl voanefiltdred thadish as0.20 fii¢tgn RIFEGilte€and stored

for one hour. The resin solution was then washed with

in a 260l HINE beftler and the water was di scarded.
Approxi mately 40 granms of ethanol was added to the
resin solution. The solution was stripped to
Exani@idpp oxi mately 20 wt % of solid and then diluted to 10
Wt % wi th ... The solution was filtered through a
ResirDS;ﬁﬁhemis:fforb_B'ﬂrfEﬁi lter and stored in a 250 nL HDPE
bottle. Thickness = 1430 A, n=1.630, k=0.198.
[0027Ap pAisobitipo of Ebgrpine ©f POME&QE.? granamn(@.(0Ramaalesof zat i on

pren el S L0t GBI S B i ntema o
the redBiof uhdéritrddeh! A RAtidA FUDD gfants & PGIIBN aldl Firgrhinks (@555 moles)
and then spin coated onto standard single side four

of witercasaslded teethie balwioneef tsichlprasilangsfovesa ene-Howiiedod gbejreaction

i she TLE f in = r
was fiieh 15 Bo) A f 0 3Bt hoPRE RSl s B ddfflon of e wet PGMEA
was otRipete UTBE raio off watiiPe kidicot @a 2.0¢)1- 2750 ré¥ sdlatiorP@as concentrated to
seconds as indicated in the tables using a rapi

. 3 pi d
approXpraptell 1 b 8% $otAry QRITIRLGS A (v HPRIOHMARY af srns of ethanol was
; . m | I A

sdde @il B8 reali oo B RR Brs SEGA ERL ok P FbpRtntely 20 wivs
The seldtiopseasatikated tdhe with with additiomd] REBVIEAC ditdtesdlution evas Hidtered

aver age of nj asurenments. I.stance of the
through g, méarorz;hf@i ﬁﬁr %‘@tsé?’ifﬁa %%Emﬁz’ﬁ%@% he film

t hi'ckness change before and after PGVEA hold ( one

m nute) and rinse (DTh A); tetranethyl amoni um
ExaniplelBoxi de (TMAH) resistance after cure was deterni ned

_by measurippg the filmthickness change before and
ResimPymhesivilH sl © o(8sone mi nute) and rinse (DTh A).

Cont act _angl e neasurenents usin ter an t hyl ene .
A soliigh b 2o of B MR e! 03 8Ed D03y S arclesd of Abere R g igpilane, and
20 TP REEEIO0,PCHELOARA, Bl Ahed RS- 20R 8 o
A solatiopb£260 grasis of POME Miahtl 10\@eanwoi@rfebanaelles vdtwasdrvwas pidde to the
sol uti. NE89 and CC . TABLE. ows the results
sotutioggt e me’ A Feiont BErioE- {136 TR s BllpWRLlo BED.
sﬁmﬁjﬁ%poic e anpURIBOE ARPtheb#iBE BOHESWHPAMEA W& ddnipl&d) The

le 1. TABLE2 shows that the process for making,
ratio pfiwatee & silican wasd.2d udihb iresin Platinyl waggpmesntiatedstogipptogingely 10

o, 9f the resin made j.n Exanpl e 4. As can be se € .

o By SRR PR PR ot SRSl e rein

solut®fnt Ghelali@oR tvad &ﬁg@@oﬁ&r m6R 16 BfROREn NG 28 WiBd. €The solution was
contact angle of 84.3 and a surface ener%y of 32.6.

dilutaddar®l wetvAppthadditioasl BGME Axt Thesolutionfves Tdisreddbonah alf29 micron
ter, cont act 6,.and a surface ener of ‘
PTF@E&%al]flﬂ?&é%an%s\é/@%k‘ﬁ%ﬁf@?f)ﬁ%bf Exanpl e 4 useng\s a

hard mask. Table 1: Application Exanples 1-4. METHOD
FOR FORM NG ANTI - REFLECTI VE COATI NG DESCRI PTI ON [ 0001]

Wth the continuing demand for snaller feature sizes
in the sem conductor industry,
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193 mmoptical Iithography has energed very recently
as the technol ogy to produce devices with sub-100 run.
wab@ees20f such shorter wavel ength of |ight reCUS®Es/035235
the bottomantireflective cgating (BARC) to reduce the
reflection on the substrate and danpen the photoresi st
swW ng cure by absorbing light that has been passed
Cont t hr QU th hot oresi st. Comrercially avail abl e
e coatings (ARC) consist of both organic
er| als. Typically, the inorganic ARC,
Resm\i%%ﬂlrl]&ex i B} (§ etch resistant, is CVD based and is
t
A sol3ih 5120 4 f;%é ?ggﬁmhe BRI oA STHRASlorosiane, an
24. 298@pins €l 1635 mplen) aiﬁmq:thykum%oramtanh aweee wasdériedrio thid ﬂehctanuhder

s b g GBS B T TSR BeRE O v
added R BE §Aitid 68 riehlofSsHlah iR vEC B IRELraRYiBAL @E@fea@lﬁon was allowed to

I norgani ¢ and organic ARC materials is highly desired.
body,[ s{D@ﬁﬁg atTiF G forapetiter bournbier tierad ditiongif theew QMEn‘hewas complete.
s that .exhibit tixreflective coati
The 5 o aleh i ot v 2de 1B LIGRe T0 scate gRri aBRgimaely
10 widh bl BREE Vhpdrar hEAPCRIAppt AR atNE40 BRng df%ﬂﬁﬁblll \Qa@adﬁlﬂed to the
resins are stable upon storage. In addition
resin polutiemc Ehafolutianywias AP aep mose tm@pwn@@?épu?%waﬁe The solution

s e P B 58 POEAE S S BB AR

mlcrdhaIPTFEﬁltéif andhtdred veD50 ol HBPE dotike. t 0 a net hod of
formng an antireflective coating on an el ectronic
devi ce conprising (A) applying to an el ectronic device

ition conprising (i)a silsesqui oxane
Com M%Zt he formula (PhSiCo- X 2(CH) )111

R ﬁ—g,r@@e e ere Ph is a phenyl group, x has a
eSlva ue of O Oi\glhm has a value of 0.05 to 0.95, n
A soldfién of V& gfam%f PGMEAomz SRanAN0.0623 niblds) of pliedyltiithlofvsilane, and

sol vent; and r enovi ngi the solvent and curing the

28.0 gnmé@dﬁ?i)mk@) efe@ie?hﬂt@ch ooplans vae ienpised fo\the Eegstor Heder
t
R L T

adde&l ﬁwhe ts@lﬁhé@bf@ichlo&d@iﬂ&hﬁo%eb@ od-Rblipgeniod. The reaction was allowed to

bodySUyG . A C B0t rlodhet BOUTA s B A RpBL e wedh B A e complete.
The Ijaﬁﬁ ofwiidk {fbeSIHéODfOW Qq (Thg §esﬁp fjotlg@rléh éoncelﬂatt&lr te%b?fg‘?‘ﬁrﬂately 10

as a value o nativel y
wit% By bétary] @@pkﬁ]atofh’e%’(ll aqummmmbem s qfathami was added to the resin

solutEgi bk S8y VABHFI0R SIS SN SRR A SPHE e PP gatcly 20

wt% CPhé §d”l§t%¥1 WESE It EPR AW Wath%eftiohBEPGIMEA T doRion was filtered

si | sesqui oxane resin should contain Si-OH groups.
through @20 mirpemP EFB filtehaksterad isa 23hmieHDPE tofile.
instability in the resin and the formation of gels.
Typically 6 to 38 nole % of the units in the
CompParhGeSEkin®i@ne resin contain Si-0OH groups. [0006] The
sesqui Qxane reS|n has a wei ght average nol ecul ar
Resml\syrizﬂié31iW\%l< j4T¥%esr ange of 500 to 400, 000 and
preferably 1n the range of 500 to 100, 000,
A solatibe 6H 820 greing of DGMBA 1NIDGRAms[(0WB7F nKilésy eﬁghﬂngkaddorosﬂane and

31.79 grng%? %%f ul eqﬁpg@wéogf%n%%;h%gﬁgged tot uhe reactor under
nitroghn?) RS0 RAEY ZloFrhahs GFPERIEX 2010 grams (0.555 moles) of water was
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(PhSiq 3/2)a(PhSi q 2/2(0OH))c(HS O3/ 2)b(HSI O2/2(0CH))d
(PhSi g 3/2)a(HSi O3/ 2)b(HSiqg 2/2(0H))d (PhSi g
WCBIZ(E))SEGSBHSI Q2/2(0OH))c(PhSi O 1/ 2 (OH)2) e( HSI O3/ 2¢US2005/035235
(PhSiq 3/2)a(PhSi @2/ 2(0H))c@PhSi O
1/2(0OH) 2) e(HS O3/ 2)b(HSI g 2/2(Crb)d (PhS
3/2)a(HS|CB/2)b(HS|02/2 Yd(HSI Q(OH) 2) f (PhSi g
01

addecg § Ph 3 eﬁi}yﬁlﬁg &hlal_% orfl %(?ug\%é?% e’gﬁlsli'e cticbn gf@s allowed to

body; st19mngjat206t3 f& another hour a@er heQddifion of tie Wet&’Gi\/IEAQ&a:&Ebﬁlplete
d+f <0.95and ¢c +d +e + f < 0.40.

The rElM)@B\]V&t@h‘@ silidonesansl Bk-ahbe sl %uﬁﬁiy’\’woﬁp@ﬂ@@e@do gpproximately
10 wt? f:% éog%fé' egzgé\cﬁ%tlo? 8{3 zlibﬁga% rF)(? ma?éig dan%§ Wei’%hanol was added to the
resin ByldtieN. YBheSro@di?ﬁ eG mﬂltﬁﬂsaﬁn@l Was(ﬁttipal ofceangBeny |

trial koxy and rogen trial koxy silane as set
appraximaels, ZOPﬁ&/enifhwlu@nm@ dbited 1§ awaABHE 3é‘fhﬁé>|na‘fPéfVEA The

S
solut G B o X0 AR PP R B ALY P50 PLoHBPE ot
hydrogen trichl orosil ane as set forth in U S. Patent
No. 6,281285 to Becker et al. and U.S. Patent No.
Exampled0, 159 to Bank et al . [0009] The sil sesqui oxane
Ph r Hin is typically produced in the presence of a
gol wént. Any suitable organic or silicone solvent that

o 35S oS AN PR

phen}lR&hidrbSiRSE UNXRRL).2EHDIR), tﬁblelomnmmzwos gger2ermbley. The solution
used in an anmount  of 40 to 98 wei ght percent base

was qoetedite 28 P Cwadeia nigpeesoygoRpheanLF FuoEy Eod penprae fa PoMEA
I
50 FLYEIAEL 998 /13430 08 PRLER e, TS AEARL Bmosenus
wateSFGMVHA sdl0fddDvaskbeh addedrtg ahe Ireaeioi vends nnmyteb eﬁfter the addition the
exenmplifie ot limte satu

reaction;flasla g §1?%‘M%t°3§’dﬁ FHodpurs- ﬂ@% aﬁ‘&“%Wﬁ%BQ%ﬁ‘étfatswmg a
rotarl §92fb%£1a%}e(o aﬁﬁ&kﬁﬁﬁtél@ hai ﬁ}swéigﬁhre@ﬁl zﬁMG‘*@Wan%an’iﬁﬂst of HCl as

exane;  aromatics such benzene, tol uene,
vapoxgﬂdamsmalhe mouyt eMRGMEBheX @itsﬂlhanoé@(t @tW%Iﬁﬁd@d)fQﬂla golutionand

di.oxane ene col e her h
the EgHCRBRenty TAhgYoRGFRY © P <Ltish b as el Wt Siuneplorc acie
and IEVPAe ThM B0 0ds Bhés DHRY 39 00%, with) g edditi6f PGMmI (Yield:
al kanes such as trichl oroet hane; hal ogenated aromatics
357®uch as bronobenzene and chl orobenzene; esters such as
i sobutyl isobutyrate and propyl propronate. Useful
silicone solvents may be exenplified by, but not
Exanhplgbt ed to cyclic siloxanes such as
octanmethyl cycl ot etrasi |l oxane, and
ResigtelCageT hylscycl opent asi | oxane. A single solvent nmay be
used or a mxture of solvents may be used. [0011] The
To afflesictvereradtied propylisne glybed s¢thgleghpriaostaicdPEdEEA, dre)be

s BHCS B PLATY RS, Bk BRBL B R tion

was &JISES A9P O XANG: F Bfbbn aliBipghatd \)&hi‘lehﬁlrﬁﬁ@ Th |aQ;Bpalr§te flask were
carried out at a teTPerature in range of OCto

t he
added BGMEA (350 ) andowaien (15 8bhged 80 male) Thg agtead Gl‘fIEélSZ’]UtfPﬁéNaS

[ ormt ses, ang;. keshn e t
addefypFhe seaslahonet o mipiho Ptk ARBIS GRS el O BRI qlgyed o
warrh ¥PE)°@ns d afRed foraivo Holud 16 bb @Rt dvinsed rasifl. Tlhﬁsommimnh tlm‘ﬂask

catalyst, if present. Typically the reaction tine .
was ¢aneentexadsising afaiay sxanosteripaparoBalel, 2100 By veight gepin 1 40°C by

the art will be able to readily deternmine the tine

necessary to conplete the reaction. [0013] Foll ow ng

conpl etion of the reaction the catal yst may be

optional ly renoved.
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Met hods for renoving the catal yst are well know in the
art and woul d include neutralization, stripping or
wowtoeneisashi ng or combi nations thereof. The caP@l/ys1005/035235
may negatively inpact the shelf life of the silicone
resin especially when in solution thus its renoval is
suggested. [0014] In the process for making the
T eesaui .
remofige BFRPULACTRE oS bkt BpbiF e sl EPESMIZE ABCOMRAIE £ was
added ol thé elatiomakad the ﬁdsl{?(&ﬂlt@ﬁﬁﬂﬁahyevalﬁmﬂhd voteaiove else ethanol residual
i ncl ude alcohold&y products, excess water, cataly

watet Dyitgell P peided @éﬂﬁé\r ddp salytion ¥igs then ilitedde  Dotaigtit porcent
RO l s are known in the art
resm%ﬁtc[i&o%@fﬁ(g{()frf orEe 8 a5 %)gtl [lation. [0015]
Fol  owi ng the reactlon to produce the sil sesqui oxane
yrber of .optional steps nay be carried out to

3 aaetenzallon oxane resin in the desired form
For exanple the sil sesqui oxane resin nmay be recovered
The 15} GBHEE oh Ve il B o P e S Rl s
PGM&]ersol\ﬂ[dn WasOfiirst ﬁ]lterémﬂlralgh & @2¢ mickion PIIFEAiltep and ﬂt@mpm coated

nd/or he sLIses |oxan si.n
onto FgulsbH BB SHHSORR %P‘%ﬁ%ﬁiﬁ‘t‘ﬁéesisé‘é’ﬂh Sttt pajished
FTIRr\ﬁatgfs%ﬁ‘gfi \fekd 412(5(’0‘?—81%3 N eRra@dtPdpRed = 8 Qb(y Qﬁ‘ﬁe £.00 séeonds). Films

use rnatively, If a different solvent,
were @tnted fat & twunpardttareﬁ(ad)@féﬁl@ °Qfod 9D sedonds asdadicited | ,1n Tgbles 3 or 4 using a

S|r d for.th naI duct, a sol vent e
rapici it ropPingIRTE) B RuR 47 goes edoRy eire Db oo fractive
index drdd Va'iﬁ’é YeRrtddidmhiied isHigst J. |4 aVbaam SIRpsoReA TBe thickness values
Addi tionally, the resin concentration 1 n solvent can
recorged wetedhe averege ofainpuneasuscormmto P GMBA seisience adier edelvag
|t|o T
deter%;gn(rje bgqfﬁ.g%ﬁgg H{ééﬁgm(nﬁnc]s(%s\égg%n%[b%ﬁgr?la%d é‘ﬁefr\?e(% EA rénse The wet
remo&{llthte &¢hstagsedsedekiCiwonduremee ikl et ttﬁppmg ddlﬁ:lﬁoﬁ NE&Qtaﬁdi CCl.

substrate. The solvent is renoved

Contagt pagle gsasyraments gsing wager@agd é‘EPﬂi*Séeft?rl%IdE és ]clﬁ‘élds were used to

td

caloue R ENFR G EET TS wete Cinf YR Pl ptadBecty Rl are iven

in]hbhbﬂeoh based devi ces and gal | i um arseni de- based
devi ces intended for use in the manufacture of a
sem conduct or conponent. Typically, the device
conprises at | east one sem conductive |ayer and a
plurality of other |ayers conprising various
conductive, sem conductive, or insulating naterials.
[0018] Useful solvents (ii) include, but are not
limted to, |-nethoxy-2-propanol, propylene glyco
nmononet hyl ethyl acetate and cycl ohexanone, anobng
ot hers. The ARC conposition typically conprises from
about 10% to about 99.9 w % sol vent based on the total
wei ght of the ARC conposition, alternatively 80 to 95
w % [0019] The ARC conposition can further conprise
a cure catalyst. Suitable cure catal ysts include
i norgani ¢ acids, photo acid generators and therma
acid generators. Cure catalysts may be exenplified by,
but not limted to sulfuric acid (H2SO4),
(4-et hyl t hi ophenyl ) nethyl phenyl sulfoniumtriflate
and 2- Napht hyl di phenylsulfoniumtriflate. Typically a
cure catalyst is present in an anount of up to 1000
ppm alternatively 500 ppm based on the total weight
of the ARC conposition.[0020] Specific nmethods for
application of the ARC conposition to the electronic
device include, but are not limted to, spin-coating,
di p-coating, spay-coating, flow coating,
screenprinting and others. The preferred nethod for
application is spin coating. Typically, coating




i nvol ves spinning the el ectronic device, at about 2000
RPM and addi ng the ARC conposition to the surface of
w0 b@o®@izani ng el ectronic device. [0021] The soP@ENB2005035235
renmoved and the sil sesquioxidne resin is cured to form
the antireflective coating on the el ectronic device.
Curing generally conprises heating the coated
substrate to a sufficient tenperature for a sufficient
duration to lead to curing. For exanple, the coated
el ectroni c device can be heated at 80C to 45Q0C for
0.1 to 60 mnutes, alternatively 150C to 275C for of
0.5 to 5 mnutes, alternatively 2000C to 2500C for 0.5
to 2 mnutes . Any nethod of heating nay be used
during[the cufing sfep] Fpr exanple, the[coated
el ectropj c deyice npy pe placed in a quar tubg
furnaceg cenvectjonj oven pr pllowed to stand,en|hot
p EC
t
n

B
pl at es|§ 0G22] Tp pfotpct|the si | sesqui ojane g esi n|of
the coap oppops frpmyeactions wt
car bon g| curing, fhejguring step car
under ag e I akgogRher el pert at nosphe
her ei nH#r de—putt+arp—hpt—]imted to ni
ar gon. nert!' if ip neanf that the er
I hah 50 ppm pRAd| preferably |
NATHe pRepguprz @t which the
stare—epr+edrott is not crit
i5 typipal|ly parfried out at &
| t hpugh spb pr :%Jper at nospheri
may WOl o} [Q02 CEScured, the ele
devi ce i s%n&t %le %t Zreflective coati nge cpn
used i further sBubptrpte| priocessing steps, such
phot ol if t hogr aphy Wienf usgd | n photolithagraphy
resist|i & forEd|PvER the anti-refllectivel|sd
coati ng. n?‘%e 0B OGRSLf 3B fRrm ng the resi|st &maga
conpri <>-e<s Ta) [Fordi g pSfjPm of a resist [¢onpos(®
on top|of the|anfi-fef|ective coating; () Imagew
exposi ng t,ge Fesjst{filmfo radiation to{produce
exposed figm [\ahd (c:c)l deveinopl ng the expcsed§f| m
produce npgelo The amt mrefl ective codtings on
el ectr )al c:)deu.Lc al.e par t,LcuI arly useful ;;WIt‘J’] S
conposittons—that—are fnagew se exposed tro—uttravi
radi at { gn havj ng| a wavel ength of 157 run |t
alter ndEI vel y| ul frayi o] et| radi ati on havi r%
L:
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wavel en th;gof 157 nmor 1P3 hm Once an i
producqg i the resjst{filmjthen a pattd

in thelgnti-retlggt|ReFZoming. Known etgldn
mat eri gEs may|de|FsEd 1R r@rmve t he ardi {xef
coat i ng—Adeht+orat——steps removing tie +es
and refrai ning anti-fref ective coat i ng ®ay Jbe
to proi%:e a pdevj ce| haying the desi red"‘*ar§i
0

¢

[ 0024] e ARC:cigat jRg|Eojmofsitions ¢ b& cureffa
ey
0

T —Q

6
62297 © @
o @

2244

o

| ower  {=&nper afcures @ad|<th pr oduce coatlﬁgs t hat
be rempved Dy| Stfipping spluti ons. Fur&heér, as bee
FIGZ 1| the-k and n| vaf ues can be adj u§ted by~
adj @t { ng ‘thej{-anpuni~ofe (PhSi O(3_xy2 CB) Sl
y
0

~18.76" @
=)
-l 2.31

7.8

S
t hes si sQui Bkalfe fBsj.a. [Jypically, ~—
nti=r ﬁleetfl\'/‘e' dalY ndgd pt oduced her§|n Rave a| R
(adsor pbi on) (@93 of >p tp -[1.0 and a&n|o(refrhc

<

D

i ndex) ~ 1ot %840@5] The fol l.ow exa
are @ nciguded o [denpnsgrat e preferred;erm i men
the®nyEntionl I shoul d pe [appr eci at e8 ¥ t hos
ski FT I the art that the techni ques d7sclosed 1n the
exanpl es which follow represent techni ques di scovered
by the inventor to function well in the practice of
the invention, and thus can be considered to
constitute preferred nodes for

36 < 5.0 5
3C




its practice. However, those of skill in the art

should, in light of the present disclosure, appreciate

w0 b@b/oesay changes can be nmade in the specifi cPCT/US2005/035235
obtain a

enbodi nents which are discl qsed and stil
like or simlar result w thout departing fromthe

spirit and scope of the invention.

DRAW NGS FI G 1

shows the relationship between n @93and nole %h in
the silsesquioxane resin and the relationship between

TP

PaW_W-\

£

@ﬁh %h in the S|IseqU|oxane resin.
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PGVEA. The solution was filtered through a

0.20 mcron PTFE filter and stored in a 250 nL HDPE

bottl e.

Exanple 3 Ph H Resin Synthesis:

T Q15 T O 85

A solution of 120 granms of PGQGVEA, 7.93 granms (0.0375
nol es) of phenyltrichlorosil ane,
(0.2125 noles) of trichlorosilane were transferred to

the rea

ctor u

nder

nitrogen.

and 28.8

gr ans




A solution of 200 granms of PGVEA and 10 grans (0.555
nol es) of water was added to the sol ution of
W0 pioslob3e@si | anes over a one-hour period. The PERUB100$035235

was al |l owed to body, stirring at 2C0C for another hour
after the addition of the wet PGQVEA was conplete. The
ratio of water to silicon was 2.2: 1. The resin
sol ujj.0p,Was concentrated to approxi mately 10 wt % by

Table 4t &r y TevBpeins(Gomparative0C.  Approxi mately 40 grans of
et hanol was added to the resin.-soluti-on—Fhe solution

Exgmple i Baked oné@ating e { dhigkpesoxi deass plien| kpspaftereLoss

sol uti S “15’?5?“ Wt % wi|t it PGVEA.r CCI
The soﬁ%fnl on wz}ls iTiel e Qrt hr ough P;G%ﬁ(é% nﬂc;lE?gn PTFEr
filten «@nd standy in a|PEMBA (ADRE%ot t | ef Conpar afi ve

FanT‘p| e 1 Resiln Suynthesis:— T o0.-34 T o 651 A soluti

O

1Gf 12028Panms dfISBEMVEA, |38. 5 grang (8. 0875 Mes) hN/A
phenyl tZQ'FchI orlqgk| ane, |g3gd 24. 29 g (0} {6RS nol fGA
of metthyltrichlorosilapé were trgnsferred|to the
react g50nder |n4d2ogen| 48 sol uti dnl0df 200| rans of N/A

PGVEA[and 10 grapms (0. % nol es) |o ter adde 0
the sdP80ion dfl4¢¥i chl ogggi | anes o&} a owggéour %JI
peri odsshhe rgagkihon wagsehl owed |tpspody, [ 3887 i ng13d7
200C fgéaanotkg‘rgklr‘]our after the addition of the wet
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2.2:1.| The resi ol uti was concent rat ed
approxi%@étely 1184 % by C}’Bot ary eva@érator 5{/24000. N/A

Appr oxiyxgt el y (484gr ans |gh et hanol| ws addégi/ao theN/A
resin|solution. The solfution was [striped once nor¢ to

appr oXi308t el y {4887t % TI847sol uti drdbwlas di || @7@d to| 668
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Synthgsis: T Q.25 T eo.|75 A sol utjion of 120 grams of
PGVEA,| 223. 2 gr|d¥85( 0. 0638 nol es) [oF00 N/ N/A

phenyl :%;:Ochl or ol%iobane, %Qd 28.0 %r (0. 187 ol esy/A

of net trichl orosilané were transferred|to the
react qr3pgnder |ni7ugogen.| 1X1$0l uti or2.060 200 [ d7@6rs off 1733
PGVEA [and 10 granms (0.555 pol es) [of ter adde
the sql3®i on dflepi chl ¢rigdf| anes [o¥e? a onmgﬁ%ur q6§£
pertod, The Teaction s alftowed t0 body, Stirring at
2Q0C for another hour after the addition of the wet
PGVEA was conplete. The ratio of water to silicon was
2.2:1. The.resin solution concentrated to
approximately 10 wt % by rotary evaporator at 4Q0C.
Approxi mately 40 granms of ethanol was added to the
resin solution. The rotary evaporator and the sol ution
" was striped once nore to approxinmately 20 wt% The
solution was diluted to 10 wt% wi th additi onal PGVEA.
The solution was filtered through a 0.20 micron PTFE
filter and stored in a 250 nL HDPE bottle. Conparative
Exanple 3 Resin Synthesis: T 0.15 eo.85 A solution of
120 grans of PQVEA, 7.93 grans (0.0375 nol es) of
phenyltrichlorosilane, and 31.77 grans (0.2125 nol es)
of methyltrichlorosilane were transferred to the
reactor under nitrogen. A solution of 200 grans of
PGVEA and 10 granms (0.555 noles) of water wasadded to
the solution of trichlorosilanes over a one-hour
period. The reaction was allowed to body, stirring at
20Q0C for another hour after the addition of the wet
PGVEA was conplete. The ratio of water to silicon was
2.2:1. The resin solution was concentrated to
approxi mately
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10 wt % by rotary evaporator at 400C. Approximately 40
grans of ethanol was added to the resin solution. The
WO oa0a/§s3el apor at or and the sol uti on was stri pePCDOS®05/035235

nore to approximately 20 wt % The sol ution was dil uted

to 10 wt% wi th addi ti onal PGVEA. The sol ution was
filtered through a 0.20 mcron PTFE filter and stored

in a 250 nL HDPE bottle. Ei%gﬁk 4 Ph HT 0.5T 0.5 To

a flask were added 120 g %yl ene gl ycol nethyl

et her acetate (PGVEA, 120 g), phenyltrichlorosil ane

WHA“I*@S @;AQM@)@ nmole), trichlorosilane (27.09 g, 0.20
nol e). The solution was cooled to 20 C under a

L %&ﬁ@@%@é@@%@g&&g@%& ok oh 2 clfflofic FEDRE Lbiipuising

(A) ¥plgEng dslgdelattgonit dadce AhARGIdmpuisitiod cbmlmgagous
wat er / PGQVEA sol ution was then added to the reactor
oviéla steesapiogarstesinhpwing thefosmyla i on t he reaction flask

Concent rated agasgi&x}/m@%@w@m .o A

o Bhes e plet isop ARoTh vahERr Ol trai i MY HHER 08510 095, n
hasmeoﬁimcdgﬁéﬂalgﬁmq agged to the solution and the

l'ask contents rotary evaporated to renpve the
ethﬁracsblvenbsnd:lual wat er, hydrochloric acid, and PGQVEA
i 0
) e R SR R P 8 By Wl gy ontin
on tHR&M&rodicQevitle 0. 3 To a fl ask were added propyl ene
gl ycol nethyl ether acetate (PGVEA, 140 g),
phenyltrichlorosilane (71.0 g, 0.34 nole),
ric r os 7 [ty
2. ThE s ledes o BT i L s v 38 9 g Rletfihas o value
of 0.30td0.60g. I n a separate fl ask wer e added PGVEA (350 Q)
and water (15.90 g, 0.89 nole); The water/PGQVEA
solution was added to the reactor over 90 m nutes.
. . o
3. Tﬁéﬁ%{}{otdrﬁg 6%%&%“ S%llfxlpfregfclll@%gé intotaggf}] 3 édi%ge g%détgl@tg 2151940 mole %
of thk anitecbntais iSHFOH Bwupol uti on in the flask was
concentrated using a rotary evaporator to
approxi mately 21% by wei ght resin at 400C byrenovi ng
4, Tﬁé’ﬁfe‘dﬁ)ﬁ aﬁganﬁéd Wﬁfn BOGeriS Btht siseBRiGane resREEA38 mol % of the
Next, ethanol (80 g) was added to the solution and the
unlts‘doatamSB@[PbgrDBpﬁ otary evaporated to renove the
et hanol, residual water, hydrochloric acid, and PGVEA
The solution was then diluted to 10-wei ght percent
5. Thesiethodastchemaddi dlaign MhefiaVES solesd @) iskelRe@l. frdrh Il Mmethoxy-2-
Coating and Characterization The film coating on
propardleprepylane medybetberdceiateankgycloBgaorT62 spin coater.
The resin PGQVEA solution was first filtered through a
0.20 micron PTFE filter and then spin coated onto
6. Tht aledids sidigke isdlge  aberdimtie ARCicompositianicontains 80 to 95 wt% of
resistivity wafers or double sjded polished FTIR
solveif kased o Bierveigliof the AROEoMPRFitigBcel er ati on speed =
5000, tinme = 20 seconds). Filns were cured at a
tenperature (200-250 0C) for 90 seconds as indicated
7. ThemEdtldes chimed th clsihnD whereipitd ARE compogitiacadkiiomplly contains a
(RTP) oven with a nitrogen gas purge. The film
cureicpiabhess, refractive
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i ndex and k value were determned using a J. A

Whol l am el | i psoneter. The thickness val ues recorded
WOWR006/063320 aver age of ni ne nmeasurenents. PGVEA PCT/US2005/035235

resi stance after cure was detgrm ned by neasuring the

filmthi ckness change before and after PGVEA rinse.

The wet renoval rate was assessed with two conmerci al

t i ' b d . t act _angl .

8. MRienhdd BRI bt T BEARE: compoRBbRT g By soin-
coatingqui ds were used to calculate the critical surface

tensi on of wetting using the Zi sman approach. Results

are given in Tables 1 - 4.Table 1. THTPh Resins Tabl e

o BB B Ry T e

L A nethod of formng an antireflective coating on an

ectroni ¢ device co i gin A) .applying to an .
10 gffhs é‘%ﬁﬂ%?ﬁg £ el %l%e@%bﬁ%ﬁ@. SiSGRuies FEn Aycyte by heating at
a terfipraRROH R ARBe bEF5PCg Vg t he fornul a _
(PhSI (3. x)/2(OH)x)mHSIQ Sy 2(OH)X)n , where Ph is a
phenyl group, x has a value of 0, 1 or 2; mhas a
lue of, 0.05 t0.0.95 .n.has val ue of 0.05 to O. )
11 fierm o chimy® o i 1 Suetim e rirduRyeneiamtoingied By hoating at
a teripériRRd indWlra@de bNYOd°LQo 95b°Eesqui oxane resin to form an
antireflective coating on the el ectronic device. 2.
The nmethod as clainmed in claim1 wherein mhas a val ue
t . -valug of O 10 to .0.50. ..
12. Fhe Brehiod'sf clumda A lafh 3heRin B Soaiof el Sired by heating in
an irsirl simesphie®xane resin | ess than 40 nole % of the units
contain Si-OH groups. 4. The nethod as clained in
claim1 wherein in the silsesquioxane resin 6 to 38

13. Dol bt fopRi il S QMoo on db 3o ie ey 08 oA
(A) spplyiiged ah elentrbaineleviox yn AR Cheamppusition appigingne net hyl

etzisr .gcet ate and.c%%lohﬁx non?. 6. The nethod as

cl SYHEICTWRRESF FSHE faYdednn I R¥IaARC conposi ti on

t ai 80 t .Mt % .~ Db th i ght

of "the Are: cond RIS bon om0 ral e | 1

cl ai rein it i tho ldi. t.1. onal,l ;

cont eI SRl S5 BURRE o T oEoth bhOF Gt af 045 100.95.n
has £Vaiugwfl).0h &y &DH atdér ARG IGap@osi tion is applied by

spincoating. 9. The nmethod as clained in claiml
whéided 8IVeRE si | sesqui oxane resin is cured by heating.

B) r%e%ovi ShdEIN0H 17§ c&tju?% 1.@@ glllﬁregcaﬁ%)ga'ng]é as[iri\f\%gf&g{l re{gtalqﬁreﬂective coating

se§qui oxane resin
on tHessigdronicuieeicenaridhe range of 1500C to 2750C. 11. The
thod as clained ip claim1 wherein the
© fg’epp%%ﬁﬁlﬂﬂgﬁée pedtithe ardireflpcliye g9atigat i ng at a
tenperature in the range of 2000C to 25Q0C. 12. The
method as clainmed in claiml1 wherein the -
14. the¢ methqd noslaieed imsilaim B3 whoreid they rdssairnapg is formed bper t
at here. .13. A nethod of form ng an antiref|ective
o oD PR 2 GHROf B CTRY PEPOUULES KAl heiigrerioctive 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

(A) applying to an el ectronic device an ARC

conposition conprising (i)a silsesqui oxane resin
whaniefogssehe formula (PhSiO . x OH) HS O S X 2( QOXPR2005/035235

where Ph is a phenyl group, & has a value of 0, 1 or

2; mhas a value of 0.05 tog.95, n has a value of 0.05

to 0.95 and m+ n 1; and (ii) a solvent; (B) renoving

15. WSe84 YERrm | ?gﬁncéijrtfr%chbg ?éalnhg %ﬁ% e?@&"ﬁ{&ectrﬁﬂce c&%prlsmg

orman an Ive coa roni

(A) dpplyng; to an @lecttdnit device gn AH(E&)rﬁposlt[mg@nqaﬁsingt he
antireflective coating. 14. The nethod as clained in

) SLISSSqiRE FRsfHavingsthe fo e is formed by (a)
f ' fil t f th
At r ot Pect | EPRSS esﬁﬁé@b:?m?ﬁﬁé' 0800Mgoet ng ¢ he
di at
A R HCT o BTTL s .o

has 4 VEG&0AG.05 A0 fHAdnafn £aF gAY an antireflective
coating on an el ectronic device conprising (A

apfiiyd sedvenss an el ectronic device an ARC corrp05| tion

® EPR 30 Bk B RERy ST et 8 e Y ol o igfgpive coating

on tHelédroaiddweigl group, x has a value of 0, 1 or 2; m
has a value of 0.05 toq.95, n has a value of 0.05

(C) togyings tgpigt image aver:theyafireflecive ceasingand; (B) renovi ng
r i | sesqui oxane resin to
D) ‘%taﬁngg X&&b Iaétitljle@gct%}ggh%ng on the electronic
device (O form ng a resist inmge over the
ant i eflf ive coating and (D) etching a pattern in_
6. éﬁéeéﬂ'# pt fogmingan; apiirgtiectye eqgting\opan glsgtrgpicidsyies pemarising
f
Rt S L UCHE St T SS
cofrpmslsesqumxamrmsmshanglg(tha formulasesqui oxane resin
having the fornula (PhSi (S-Xy2(OH) X) 1n HSi O
Xy2((}|)X) 11, mﬁ@ﬁ@@ﬁ)/&@ﬁ)@fﬂ%@@%@@ﬂ))&mhas a val ue
of O, or m_has a value of 0.05 toqg.95, n has a

2
vawbérecﬁh i9 2088 Gro, ¥has Avalupofi0, her?; (m hys avaloe 0 A0S t00.95, n
has a(@luer&{WU#{b%gsha%d%Q' ven? %gj? curing the silsesqui oxane

resin oriman antirte ive coating on the
el @dtapbieat;devi ce; (C) formng a resist inmage over the
antiref|ective coating; (D) etching a pattern in the

(B) rgmovingdhe sadyqng ang euring E)Sl feaberang restieto lea an ahfingflective coating
on AR icer ef I ective film

(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;



