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WD 2006/ 065320PCT/ US2005/ 035235 1 METHOD FOR FORM NG
ANTI - REFLECTI VE COATI NG DESCRI PTI ON 5 [00011 Wth the
continuing demand for snaller feature sizes in th

WO U065 Huct or i ndustry,- 193 nm opti cal Iltﬁﬁgﬁgﬁﬁymaﬂ}‘
has energed very recently las the technology to
produce devices with sub-100 nmm The use of such
shorter wavel ength of light requires the bottom
ant i r effegEIOIY PORFURNVENGBORE) REPL ECTDIR CORTING
reflection on the substrate and danpen the-
phot oresi st swing cure by absorbing |ight that has
been passed t hrough ERP/™ERsi st 10 Commercial I'y
avai l abl e antirefl ective coatings (ARC) consist of
both organic and inorganic materials. Typically, the"

f0001] E&%@%&%ﬂ@ﬁ%& Aot sl GRRER e R Rhigs sty
193 mrfl b?‘gcgﬂ/ Phas @ik RiAB etOROGH R REthe ddM@cidEY eNprodudBRAevices

als are applied by spin-on process and have
with subxd9@ e n b iyelof sinlk shperavavElngB of BERTequiTes &1e hgfpm

anureﬂgﬁfxfe%gaéﬂ'g@% o fédﬁ@e ﬁn@ | Exdtiot daenb 9111%’&9@%? dampen the

ot or esirs resu a material that offers 15
phmnnmﬁEmmmgbmmég1mﬂwhngé@hsﬁmﬁMwhmmgaﬂmdﬂanuﬂdhgahﬁmﬁﬂﬂc

oS i B0t S5 P88k ey DBl

ma‘tenﬁsnt'f)&ﬁah? Cthé MBreaARI AR, WHOR exHibiegoddwtchh@fstant) is AV biised

Thesé antireflective coatings can be strip at the
and is S*lbWéValaﬂﬂf g antagratiem@isadveaiaenfi B RERe pp ﬁpsd'%éﬂgamc ARC

mat&:na%é ]%)eﬁégr u%ltn cesé AURL b Rl ent B RRBASRIR broperties,

€ SIlsesqul oxane resin IS

 but suf&ss ﬁemtpcat etfclp seltdfmlt}d esongenic photercpisto era tesdt, aaepterial that offers

abi 20 93 .
I R

[0002] a rIthhsrla{rem@h pmmatsﬂmqmm raireditar eriibit anIeﬂemv= coating

$

SRR RS S kSR Bl
and therl:ﬂgés Biexdrr88Hh s SARB Sb&X &oﬁéﬁf@ (1tNdikiGh, the Ercscncc of a hydride
- HSI 0(3_xy2(011) x) n, where Ph is a phenyl grou

~ group ig ﬂwasslsgsqv@w Teffn {5, essenppl for the desived gure mawea%eS@Pd 6119 %ﬂm’

asal9§ﬂn9ﬁ8§u1 as a value of 0.05 to 0.95 and m+ n rc.
I'i) a solvent; and (B) renoving the

{0093}80| venﬁ aog: é‘éfbéd:*ngwteh& @hliges quohane foesing amoartiorfrective

matirefl em ve coating 30 on the el ectronic device.
CG&UH@{@D@B@?@W“& ‘?é‘l?@r‘fam%ﬁ)‘@%t there is provided a nethod
(A) appi oQ6 Bh BctRdhiedsvidehl £RCicyRpostiral dopghrigimgan

ectroni c device conprising (A) applying to an
QD%%%SFWQ%W%‘W’B YRS MRCOEBPosi ti on conprising (i) a

h ?isgukﬁéﬁ@&lﬁ%ﬂz@ﬂb@% hrttOde 1ot 2
i) o, Frdh g e bl 0.

has 2 vaod DS a@oTandme 1 ke ;ahd sesqui oxane resin to form
an .antireflective coating on the electronic device:
e0t @Rt ng a resist i mage over the
®B)r Igrtﬁ S Lednt ¥R SORLHOsTis §Q: el 18siR td fohf 38 RRfAdotive coating
e 1s provided a netho formng an
mrmmahﬂmmnﬁ¢xmmlve coati ng on an el ectroni c device
conprising (A applying to an el ectronic device an
ARC conposition conprising (i) a silsesquioxane resin -
having the fornmula (PhSiO.[err] where Ph is a phenyl
group, x has a value of 0, | or 2; in has a val ue of
0.05 t0°0.95. n has a value of 0.05 to 0.95 and in n
I ; and (ii) a solvent; (B) renoving the solvent and
curing the sil sesquioxane resin to form an
antireflective coating on the el ectronic device: (O
formng a resist inmage over the antireflective
coati ng; and (D) etchlng a pattern in the
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si Lsesqui oxane resins useful in formng the

antireflective coating have the formula :

(PhSi 00- xy2( OH) x) m HSi 00-xy2(01-1)x)n, where Ph is a

phenyl group, x has a value of 0, 1 or 2; mhas a

value of 0.05 to 0.95, n h a value of 0.05 to 0.95

and m+ ns 1. Alternatively ®m has a value of 0.1 to
alternatively 0.10 to 0.50. 5 [0009] The

_ sesquj oxane resin ‘be essentially ful

iﬂ“@%ﬂdens da WCWSB@%HB § ipapyd 31 FyefioH 96 AN wispieflective
coatiNg of lah SREAMIO¥BNE LERIIIAS( A lyﬁlol % aﬁ QRIENSE At iBSHh ARC

than 40 nole % of the units i'n the silsesquioxane
COPROSitiaN SABBIIENE Ghe ailsesSlioEhe gerswu}@sfmowlimgﬁenu mount s of

se ts [ e, resjn

(Phtsk? e ﬁ o}F]Ir}Igtfﬁa Hp(?‘tll)t@)é1 \Qhér ;’%qg g lmérX% q{bg};&hgs gy val [ of 0, 1
or 20fn hdse vahietcd 0i0} RS 5sh lhsmm]wm@h@ mé)s%nmd ent-ai=nl ; and

The, sil sesq ane resin. has
G G B P o BT ) S i PR s S coform an
antlﬁtﬁlécﬁ@ 4R0n 000 thndicpii@fie dalty and (Cheorkange r&fst ﬁﬁz@etcﬁfer the
0, 000, alternatlvely 700 to 10, 000. [0007]

aﬂ“§i39@§ﬁ@?@%éne resins useful herein may be

exenplified by, but not limted to

(PhSi CB/ 2) a(HSi O3/ 2)b
[00430h Si 03/ paliph Simeer. 20d &) erded 3/t & forming an aﬁureﬂectwe

con P05 ERLBNALENSLOR (OISR SLGR 21 b3l 0202 8k arc

com@é’sh&i:ﬂfﬂdoﬁ)m(sﬂg&(@n & CkiBe¢doiSiabd / 260 1h5v21)ce (S| {OBha ) b(Ph_SiO{s.
X a(éﬁg%}% J}Q%éh% e D?s(alt:g enQ/ ! 2§.|011 éz aegelﬂt% %}) hihg;! 2:m

has @ Rafie 3/ (QE)fﬁﬁ{ @K)@B(} 205192324 &) dO55hQ 030211 20nd (i) a
(PhSi OB/ 2) abS102/ 2( L) aPhSi 01/ 2( 0102) eal &1 CB/ 2) baki 02

so!vpg( (@1)@}@3} igg et e r@iriggsthg silsesgpioxgnesrin gy fgm an
f Q0 o

antar%ﬂ&gwe %aﬁng gcﬁlg_éicftgmgcoﬁeﬁc OO(%)QQH&IP% ﬁO g%ga a}i&(aﬁ% ﬁ\efer the
3110116@8‘1’5?\’9 Cﬂ@yﬁem(d&m@m%pmnhmdbe knteneficdtivetiihe. art . :

For exanpl e, the silsesqui oxane resins nmay be

produced by the hydrolysis and condensati on of a 25
fﬁﬂﬂﬁcb(t ur elrof faurfphesngd:. thededs mw;dearadném:ﬂr @‘geﬂnﬂhf{ iaflak@¢Flective

| ane as set forth in U S nt No. 76266%5 to

cost o 1 S0 AoV CBREE NG G0y SRTEY o DR IcHRYiSd 3y ARC
compda@idiy doRbyShs ands cgmsk%afoﬁaﬁeo e BB formula (PhSiOg.

trichl orosil ane and hydrogen trichlorosilane as se

w2 QPSP QHRA: BfiereNth s& pPEnzBgovR ;\B%aél@evah@t ofg), 1 or 2; m

s SRR s HAREEATS BaZaBlncly o socn

(B) sirlosmgohe ot :areiscunngsthe}sﬂs@azh:byanprm‘dmct{eéornfnart hetireflective
resepce of. a.sal vent suj tabl e or ani c
(ol

coutfie SR oo S Pin eV st (ol cSHalHE Fhcl giffpfiective

coatigg; Oﬂi@ whﬂnﬁ@ apttePRli ited pRd-eefieBtitd inieatt (O NefBYinBehe resist
: useg roduci ng. the S|Isequ|oxane resin. The

image gp gﬁ@n SRS Aty used in an anount of 40 to 98
wei ght percent based on the total weight of solvent 5
and silane reactants, alternatively 70 to 90 wei ght
percent. The reaction may be carried out as a dua
phase or single-phase system [0010] Useful organic
sol vents may be exenplified by, but not limted to,
saturated aliphatics such as n-pentane, hexane,
n- hept ane, and i sooctane; cydoal i phatics such as
cycl opent ane and cycl ohexane; aromatics such as
benzene, tol uene, xylene, nesitylene; 10 ethers such
as tetrahydrofuran, dioxane, ethylene glycol dietheyl
et her, ethylene glycol dirnethyl ether; ketones such
as net hylisobutyl ketone (M BK) and cycl ohexanone;
hal ogen substituted al kanes such as trichl oroet hane;
hal ogenat ed aromati cs such as bronobbenzene and
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[0011] The reaction to produce the sil sesqui oxane

resin can be carried out at any tenperature so | ong

as it does not cause significant gellation or cause
wouodsmgs3ad t he siLsesqui oxane resin. Typi cal PgTAUR05/035235

reaction is carried out at a tenperature in the range

of 520 Cto 150 C, with anbient tenperature

suggested. [0012] The time to formthe sil sesqui oxane

00052 SH{k SiReeRERd ?&ﬁ:ﬁgﬁg% f BHRE incQhileARRE Boctil hadSthe

enperature,; nount of silane-

' herSaugL ARy Bh is d fheidyl @8R x has a
ﬁmm@%g?%gpkéﬂ?ﬁgg?%%ct?gg%ggﬁgbﬁé frgn1sg;é?§ﬁﬂninutes
valud &F (5 € \68 Dot hBPANSue S7R0SiI0.9%8d hafa Vdige GF1L03 DI9Sked abla ~ 1.
to readily deternmine the tine necessar%%to conpl ete

Alﬁemﬁ?éfelsem orpluoef . bip 3P, atistrbvgin @-IQ PRt i on of the
[006%}2 ?‘ﬁl{l)é Osgﬂ?sg%xa%@&ééﬁ’ ﬁlﬁ}( Eg¥s€g:§:§ﬁ? tEhIRNBhAsE RIS be only partially

I renovi ng st "are wel|l know in

I bondensed fess e Ahpioigo of the

can rédultiif GREBIRFInthe fpachna tefomhaidniof gaal Typicily 6ho38 itde % of
- renpval jis spggested.%'Q014t%in t he 'process for
the upiidnihe SiseSqUPKACJIEIN GUHHE SHO5 FOWB t er the reacti on

[Gﬂi}ilislis P Ts&hBoxa %) Bisd \ﬁégliif?éerﬁge ERBUAGVdigl® (M) én the range

| sesqui dxane resin solu n under reduced_ pressur

€.
of 508ue H06,00dnid pexferably liw the raingssHh 500 iyL09,088 Altemativele dXkto 10,000.

oo S e HALPROAS P e

o {6 . Methods for renoving volatiles are
sRORRISIONE |

MOW _ rt and inF:ude, foL exanpl e,
G*ﬁg%%%%@ggﬁhéa?ﬁbggéﬁ%¥£§angm1ggi;_g agﬁgé?rgftgppionm
s R AR B o e, %5 The

 EATRIROBIR T T Lt T
kSRR RS e o e el

vacuum . Once the sils ui oxane resjn.is covered
(PLSi G 2la BEHO R LSO 1RSI B e T Qrrl e

re-dissolved in the sane or another solvent for a
(PhS{2u )i @R Qa2 EBiO 2 (EDMAESIAOH 2)er a different

sol vent, other than the sol vent used in-the 10

 (PhSIEROL(PhBIOHEO RN EPhBO 1 PHNLHSI Gad)b GH82O N (EHO(ORD2)r

exchange may be done by adding a secondary solv

| vent
wherandt O: bdyE hd, 4@, £ F10s £ oD Paeta t A GarhOTmGG 0 Sb okt £ <
. for- ' . ditionally, the resin concentration in
095 i ¢ £ Rhfspdd b

g -adj usted by renoving sone of the:
[000§10! MRIVils@huiagaienesiadaiy bomaducad by fiethods kiksinie ke art. For
[0016] The sil sesqui oxane r s%? iﬁpgp%pine with A tion of
examgplsy, thersilseamonpp e Ay berprefused Prihe EYAB g gt epnfignsation of a
mb{t%% gf‘# ﬁge@l @91%%9 a6 2h Srialil NS IRt fofh RABYPAlent No.
[

sesqui oxane Tesin is cured to produce the
57623687 toShkaudtd vteal.c Alieinagyely 0o1 may by pradared bythrebydrolysis and

o SR AP B8 i B AR PO I 8 ghines

~ Paterfl N6l 6281193t@Belddar &i0dl. and &J.5 rPatdne Novf0F 5 EIU0 Bawif etal. . -

sem conduct or conponent. Typically, the device
conprises at | east one sem conductive |ayer 20 and a
plurality of other |ayers conprising various
conductive, sem conductive, or insulating materials.
[0018] Useful solvents (ii) include, but are not
l[imted to, 1-nethoxy-2-propanol, propylene

gl ycoLnmononet hyl et hyl acetate and cycl ohexanone,
anong ot hers. The ARC conposition typically conprises
from about 10%to about 99.9 wt % sol vent based on the
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30 catalyst is present in an anmount of up to 1000
ppm alternatively 500 ppm based on the total weight
of the ARC conposition. WO :

- wlR0B/e32820PCT/ US2005/ 035235 5 [0020] Speci PLT/US2005/035235
nmet hods for application of $he ARC conposition to the
el ectroni c device include, but are not limted to,
spi n-coating, dip-coating, spay-coating,

OV C i A-0r+ 0 . T
(0003} CF6¢ PR R B RS QBISH A EEEh Bk med S solvest. Any
suitablepirgeald o silicomt sobgeni thabdoeesotspirtaimiafgndtional graptwioel way -

.devi ce, at about 2000 RPM .and adding the ARG .
part{igata duihe FEROQ e B Ui Rk piadisits B SiSniclind it Thesohventis
penef@Vhs& in bR 8Rsln{BTa036 b8 GRighi ferdearizwationthe il eveight of solvent

-siF'sesqui oxane resin i-s cured to for '

g t he. .
and sikang repaints altFvati b0 10 (GHPiEiN @ePie TPbiAeiofaAyds, carried out as
' s rises heating the coated
ad@%&ﬁ%%%ﬁ@?@ﬁéﬁ%ﬁ% ]lﬁggi ent tenperature for a
[0018]uf Usefulenganih sodnecintsrmayobd exemiphiiteddys Pwgot lrpitedeipasapiaed
. .the coated el ectronic . ce e At 800
el s Topeftare, R hE ATHeRe o BpRErE BBtk &
cycl SEﬁﬁndC i &d cgélgﬂe)énéz;car&nﬁﬁ_ a9 Lqﬁohisn bertzx, ﬁttgnein?,eiyjenﬁh N0Sitylene;
or 0. 0 M nut es. t 0 eati.n

cters gucist PR ACI 1 FGYIGHETE RGP ey ST e D00
ciimeﬂ@%‘t:ﬁ - BL16hds 'SOEH & HAKIIEBbITRYkeR e PVEBE farid RydloBiahidi; halogen

t ube furnace, convection oven or allowed to stand_ on

- substiigtedplkatessucl] Gopghlomsthene balegenglsd asymabesyish 8% Biqgrobenzene and

chqujéggﬂﬁneo LetdD6uchaR H&%u% {BRRhteRd o%?lhﬁer@ﬁgﬁﬁét@. NG safhltshicone

OXyge€n or -carbon during’ curing, uring step
solvengsmieberaefptifistiby) hdtrot dimied oy ¢yche sitvxpiee sech dsner t

oot R E P o e i A hviobies Bile € HAE solventmoy be

usedloh@imiktiR oFRdlvéanpeRbeassd ai n | ess than 50 ppm and
_preferably | ess than .1 m of oxygen. The .pressure
10015 i e#rbR & BRrhehIDs AiFeBI0m Sb LD R AP Rl out

tempkSirOo Bhe bd € Bbes nbR a3 BikMBcit 86llatidn by @Al 0thei ed

out at atnhospheric pressure although sub or .super 20

silsesquivoemtresinc Tppieallithe sagtign ifearkicdpw gt 2 tepperatyre ifpgrange of 5

i - n be used in further -

°C 104D 8E, wﬁ]&l@léﬁ%ﬁlg&iaﬁugﬁgf%&%dp onprising the :
ant te ec:lvecatlng
[0012jubBhe tihetofon dessilagsqsiors resiuis dependestibpasl 4 wurolr apfegtors

When used .in photolithography. 1St '
such i, i BE DRt PR PRRE Fipe® gl gnlt FROEndile of eyt
ifpre]{sgilft iBAIGhé Racti@siiat is foagsvenhpituts ]::,o {eﬁé:rag founs. r@pesskilled
] il mof a_ resisf. composition on top of t L
i theyt Pl e U RS B GIRAPRAT EY RGO  E B pE P Bt Re
[001%!9 ??&ﬁﬁdé BlfRetiddirald REibA R RAUEEmATbEIHNIBAR tnbhed.

o an c) developi ng the exposed filmto produce an .
Methodunfpe renitvinghe catakys! ase wel) snayve it thegs ahwepd incfude pegraiigation,
. device_ar rtj Ly, ] i St o s '
steipnay Gy B Bl ot R "k el Rl iy mogetively impact the

shelfUifé 6peé siliedne resih edpeciallyhadiemip selutian thue figtemowél id Sipgestod,

0012255 e eSS B S A i i,
volatiE898y ROeh@dbedReM th SibR@RxArk rehe sdlefdnsindérirbdced pessue.
pattern is etched in the anti-reflective coatjng. .

Such baites dackife sl oRek o PrRECts BP BV RIS BRI WHERFRIODR 8010
anti-reflective coating. Additional steps WO
2006/ 065320PCT/ US20051035235 6 or renovi ng the resist
filmand remaining anti-reflective coating nay be
enpl oyed to produce a device having the desired
architecture. [0024] The ARC coating conpositions can
be cured at | ower tenperatures and they produce
coatings that can be renoved by stripping sol utions.
Further, as seen in FIG 1, the k and n val ues can be
adj usted by adjusting the anount of
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 parti§il

- 10018]0 Yieda! solyentadi
glyed] llﬂogﬁgaﬂyit dihyR 4eda1@ o %%ldﬂeﬁitﬁﬁe Féni'oﬁg oﬂ:denlst fﬂhe AR composition

and still obtain a like or simlar result wthout

departing fromthe spirit and scope of the

15invention. DRAWNGS FIG 1 shows the rel ationship
wosireesm @ 93and nole % Ph in the siisesquirgtasgos/3s23s

resin and the relationship petween k @93 and nole %

Ph in the sil sequi oxane resin. 20 EXAMPLES Exanple 1

Resin Synthesis:: TPhO.35T110. 65 [0026] A sol ution of

ran of P 0
(iR oS b e b 95 886 AR TR B b e and
mdugg ﬁ,lrdxﬁﬁ-}ﬂ@r(ggﬂ;ﬂmﬁ were tr ansf erred to the reactor .
under ni tro en. A solution of 20 rans, of - P%gﬁB& and
[6015]p wwg:g(tbe ERCHORIO PEY usffthwétls&ﬁq S RSP PgReR et optional
f r

stopsifey e ol oul £ B 1SRN AL %ﬁ?% OB et braml,
the sﬂsesdphncﬁnehmsm iyt lmrecdvered@kdsqhdcfﬁrr:@ by removingthesghpent. wBae -

th?tﬁ gpsrog 5}1 e%n%%al&g ! IOt cri%]::al\ég& S\Em%rgu% ﬁl?&naé%@féll gngwr}m the art

[UtTon was concen

: (e £. aRAlMsh iBdde hat o dior %daym) O@ﬂlfeythe vidgeauintzane Iaszimcovered ina

proxi mately 40 was adde
Sohd’%" AT copiabiresiiel Ribs M 200 PR M SPPy
ARErm ﬂlﬁa 8iferthi Qven¥@ther than the solvent used in the
2006/ 065320PCT/ S2005/ 035235 7 was stri ped once nore

reactiop, it dgsirest forghefial Poodnet/s sotvent sxehangsoRaxkecionr by pddng

.seco?% %ﬂa{nﬂr ougﬁhgﬁgqtf)t%oﬂ#g F&Eigtil‘ﬂi&%?]gr and g t or ed

Addmnnamyzls@renin delbEEtiaton insolventEan rp Rdjusted ersinoving some of the

'I.'Ph 25 THO,. 7 0027] A solution of 120
301"%3‘}?33‘6‘% unfs gt 50 {o 0625 nol es) of

joo16heTnel sﬂ§ds@thbﬁn@$‘éduﬁﬁ&om&ﬁd vath dsofveanamd @PpliciAb anoleatsdnic
of trichlorosilane were transferred the acto
deviggrip Biodwer Gogier suistats Jie sofvar 1%6105?%?9 ilspagRRR R Fosin s

cm&&ﬂ&ﬁg@m@%&@ﬁeémg%a 0 of water vvas added to the

sol'ution of trichlorosilanes_ over one- hour peri od.

_ [0017ih eTypisably therelestronis|devigels atsemb‘@aémt@tqemfr‘s sBchsas stifsentbgred

devidel %(%hﬂ]?[? %&5@1&% Bhsedi E@w&ggﬂ AdRA £8 ust REndRbnBR tHefeha

e ratio of water tO silicon was

- semi&bnBudor cﬁh@om&ﬁ | Wystodllyt thedevias coroprisenatleasicenetsgmiconductive layer

end GRS ERERE Y it P or o0 Ao g msuating

matefiglsi N soI ution. The sol ution was strl ped once m)re to

5 e S e bt taion iosped 6 oty e tob st Ropylene

250 I nL HDPE bottle. nﬁ Resi n
typicgljnedmpsises: fram gbag 193400 gbou §9.R veldh %HIY baged qrz‘éle @wghf of

the ARG P PHahi e BiPIR 0 MDA 00 e (0. 2125 ol es)

[0019]f Thei AR(C: osapésitiorecandurthet campfiserarose datalytsh eSuiblstcore catalysts

NI IR e X

ey BRI L B A1 BT hIORt

phe nﬁ {@t&m te 3d £Na ?E‘tﬁyﬁﬂﬁﬁeh RilfeHiuh lﬁﬁla\f@tTﬁ@Hﬁ{v\a\&&%

e 25 ratio of vva er to silicon was 2.
caialirsth & pr@sntmn swhmoigef wpto KA epm: phisreafively S4B prex barsd éﬂl §he total

% Evaporator at 40C. Appr oXi mately 40
Welg%‘rog\#g"%{?é( éno Nwas added to the resin solution. The
sol ution was striped once nore to approximately 20

W % The solution was diluted to 1 0 wt%w th

addi ti onal PGVEA. The solution was filtered through a
© 0.20 micron PTFE filter and stored in a 250 nL HDPE

bottl e.
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30 WD 20061065320PCT1US2005/ 035235 8 Conparati ve
Exanple 1 _ Ph Resin Synthesis: 1 0.35,.,M A
'solution of 120 grans of PGVEA, 18.5 grans (0.0875
widesgsb phenyltrichl orosil ane, and 24.29 @canssz005035235
(0.1625 nol es) of nethyltrighlorosilane were ,
transferred to the reactor under 5 nitrogen. A

sol ution of 200 grans of PGVEA and 10 grans (0.555

| gs) ..of t er. was,.added j f- . .
002 FiiBen Bl B EARERE R A sl Bl cesgonigdovice
inclﬂl?;fblﬁ b:ie?ﬁﬁﬁka%tﬂ% @Qﬂﬁn—foﬁdﬁﬁl@{ dip-?oﬁing,?s@@—é@ﬁng,rﬂvah-tedﬁaﬁh%ﬁcreen- :

arter e agditiron o we GVEA was co. e. e .
prinfing a0 OBEIS, e Prafeyred Tosthed o ARPLISSHID 1 ST goAfal (ypicell; Coating

) ,mvogg% iﬂ:ﬂﬁg 118 S1eCRBHE AL Bibbe: 280D REXI, Bt &1diekBle WRY by

ry evaporator at 40C. Approxi mately 40 grans of

- compasitiandd thesurfangdd dhe spinning elgyuprisidavieo| ut i on. The

s, - P BRS04 S LT

refleatiiicoattipain tRENEAroriddevise] Ciiiing sevasily comprised hexting dgreoated

0.20 micran P | FE fiJlter .and .stored, i.n a 250 HDPE
subsEiE 19 SR PR e AT ES COPO R S RERE S Sample
. the chiiBPe1d&rohdevics cAn BOhdatddain 8OC h2B0U fare.1ah 6PENnAes,
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TPhO. 5TH 0.5
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To a flask were added 120 g of propyl ene gl ycol
nmet hyl ether acetate (PGVEA, 120 Q),
phenyl trichlorosilane (42.31 g, 0.20 nole),

wbhbwhbaspsi | ane (27.09 g, 0.20 nole). The S PICHIUSOUNS/035235
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Tables 1 - 4. 11 pa4 '




10

15

20

25

30

12 Table 3: THT2h Resi ns Exanpl e Bake Tenp C Coati ng
Thi ckness (A) Thickness after PG vIEA (A) Loss after
PGVEA (0/) Loss after NE89 Loss after CCI 200 2183
WOLB/@s86 100% 100% 225 2227 PCT/USZ005/635235

7

was striped once more to approximately 20 wi%. The solution was diluted to 10 wt% with
additional PGMEA. The solution was filtered through a 0.20 micron PTFE filter and stored
in 2250 m[ HDPE botlle.

Example 2

Resin Synthesis: TPh0_25 TH0_75

[0027] A solution of 120 grams of PGMEA, 13.2 grams (0.0625 moles) of
phenyltrichlorosilane, and 25.4 gfams (0.1875 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 trichlorosilétﬁes 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 watér to silicon was 2.2:1. The resin solution was concentrated to
approxmatcly 10 wt% by rotary evaporator at 40°C. Approxzmately 40 grams of ethanol was
added to the resin solution. The solution was striped once more to approximately 20 wi%.

" The solution was dilﬁted to 10 wt% with additional PGMEA. The sqlution was filtered

through a 0.2 micron PTFE filter and stored in a 250 mL HDPE bottle.

~ Example 3
 Resin Synthes1s TP 0.15 TH, 85

A solution of 120 grams of PGMEA 7.93 grams (0.0375 moles) of phenylmchlorosﬂane 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 (0.555 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 was concentrated to approximately 10

‘Wwt% 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 wi%. The solution was
diluted to 10 wt% with additional PGMEA. The solution was filtered through 2 0.20 micron
PTFE filter and stored in 2 250 mL HDPE botfle. |
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' Resin Synthesis: TPhO 25 TMSO_75
A solution of 120 grams of PGMEA, '13.2 grams (0.0625 moles) of phenyltrichlorosilane, and

2170 2.51 100% 100% 250 2132 2113 0. 89 100% 100% 2
200 2337 2334 0.13 100% 100% 225.2351 2350 0.00 100%

100% i _
WO 2006/065320 ' PCT/US2005/035235

Comparative Example 1
. . .I;Ph L Me
Resin Synthesis: T ¢35 ™ 0.65

A solution of 120 grams of PGMEA, 18.5 grams (0.0875 moles) of phenylirichlorosilane, and
24 .29 grams (0.1625 moles) of methyltrichlorosilane were transferred to the reactor under

nitrogen. A solution of 200 grams of PGMEA and 10 grarms (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 was concentrated to approximately

10 wi% by rotary evaporator at 40°C, Approximately 40 grams of ethanol was added to the

resin solutior. The solution was striped once more to approximately 20 wt%o. 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 botile.

Comparative .Exmnnle 2

28.0 grams (0.1875 méles) 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 apprdximately 10

wt% by rotary evaporator at 40°C. Approximately 40 grams of ethanel was added to the resin
sohrtion. 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 Examnle 3

Resin Synthesns TP 0.15 ™ 0.85

A solution of 120 grams of PGMEA, 7.93 grams (0.0375 moles) of phenylmchlorosﬂane 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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250 2354 2348 0.00 100% 100% 200 2338 2336 0.00 100%
100% 225 2358 2354 0.00 100% 100% 250 2375 2370
0.00 100% ‘ :

~ WO 2006/065320 _, o PCT/US2005/035235

added to the solution of trichlorosilanes over a one-hour period. The reaction was allowed to
body, stirring- at 20°C for another hour afier the addition of the wet PGMEA was coﬂlplete.
The ratio of water to silicon was 2.2:1. The resin solution was concentrated to approximately
10 wi% 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 wi%. The solution was diluted to 10 wt% with additional PGMEA. The

solution was filtered through a 0.20 micron PTFE filter and stored in a 250 mL HDPE bottle.

Example 4
TPOST 0.5

To a flask were added 120 g of propylene gtycol methyl e’rher acetate (PGMEA, 120 g),

phenyltrichiorosilane (42.31 g, 0.20 mole), trichlorosilane (27.09 g, 0.20 mole). The solution

was cooled to 20 °C under a nitrogen atmosphere while stirring. To a separate flask, PGMEA
(350 g) and water (12:96 g, 0.72 mole) were added and mixed; the well mixed homogenous

: water/PGMEA_ soiution 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 apprOxizﬁaIely 21% bjr weight resin at 40°C by removing most of HCI as
vapor and a small a mount of PGMEA. Next, ethano! (50 g) was added to the solution and
the flask contents rotary evaporaied to remove the ethanol residual water, hydrochloric acid,

‘and PGMEA. The solution was then diluted to 10% wt by the addition of PGMEA (Y ield:

357 g).

Example 5 -
Resin: TP 07T 03

To a flask were added propylene glycol methyl ether acetate (PGMEA, 140 £),
phenyltnchlc}rosﬂane (71.0 g, 0.34 mole), trichlorosilane (19.7 g, 0.15 mole). The solution

‘was cooled to 20°C under 2 nitfogen atmosphere while stirring. In 2 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
Wann t0 20°C and stirred for two hours to body the formed resin. The solution in the flask
was concentrated using a rotary evaporator to apprommately 21% by weight resin at 40°C by

%
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TivieTPh Resins (Conparative) Exanple Bake Tenp C
Coating Thi ckness (A) Thickness after PGVEA (A) Loss

wahbtwsrneBVEA N Loss after NE89 Loss after CClPCTETS208035235
1548 30 100 VA N A 225 1481 35 100

removing most of HCI as vapor and a small a mount of PGMEA. Next, ethanoi (80 g) was
added to the solution and the flask contents rotary evaporated to remove the ethanol, res1dual
Water hydrochloric acid, and PGMEA. The solution was then diluted to lO-welght percent

_ resin by the addlﬁon of PGMEA (Yield: 450 g).

Film Coating and Characterization

The film coating on wafers was processed on a Karl Suss CT62 spin coater. The resin

PGMEA solution was first filtered through a 0.20 micron PTFE filter and then spin coated
onto standard single side four inch polished low resistivity wafers or double sided polished
FTIR wafers (spin speed = 2000 rpm; acceleration speed = 5000, time = 20 seconds). Films
were cured at & temperature (200-250 °C) for 90 seconds as indicated in Tables 3 or 4 using a
rapid thermal processing (RTP) oven with a nitrogen gas purge. The film thickness, refractive
index and k value were dstermined using a J. A.'Woollam ellipsometer. The thickness values

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

ﬂﬁtermiﬂed by measuring the film thickness change before and after PGMEA rinse. The wet

removal rate was assessed with two commercial wet stripping solution NE89 and CC1.
Coritact angle measurements using water and methylene iodide as liguids were used to
calculate the critical surface tension of wetting using the Zisman approach. Results are given
in Tables 1 - 4. | o |
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34 100 NA NA 225 1445 35 100 VA N A 250 1346 39
100 VA VA 300 1487 647 56.5 670 658
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Table 3: THTPh Resins

‘Example | Bake | Coating | Thickness | Loss after Toss | Loss
| Temp | Thickness | after PGMEA |afier |after CCI
lc 1@ PGMEA (A) | (%) NES9 |
1 3200|2183 2103 3.66 100% | 100%
| 225 | 2227 2170 251 100% | 100%
| 250 2132|2113 - |089 100% | 100%
2 200 | 2337 2334 0.13 100% | 100%
225 - {2351 2350 0.00 100% | 100%
250 |2354 | 2348 0.00 100% | 100%
3 |200 - 2338 2336 000 | 100% |100%
225 12358 2354 0.00 100% | 100%
250 [2375  [2370 | 000 100% | 100%




350 1378 1375 0.22 1373 1379 3C 200 1569 55 100 N A
N A 225 1545 37 100 NA N A 250 1509 52 100 N A
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Table 4: TMeTPh Resing (Comparative)

‘Example | Bake Coating Thickness Loss after | Loss after' | Loss
Temp Thickness | after -{ PGMEA | NEg9 after CCI
°C (&) - |PGMEA(4) | (%) |

ic 200 1548 30 . | 100 NA |NA
225 1481 35 100 N/A N/A
250 1402 40 100 NA NIA
300 1477 | 584 le1s  fess - [707
350  |1384 1377 0.51 1387 1397

2C 200 1473 34 100 | NA NA

| 225 1445 35 - 100 IN/A N/A
250 1346 39 100 N/A N/A
300 1487 647 56.5 670 | 658
350 1378 | 1375 0.2 1373|1379 .
3¢ [200 1569 55 160 N/A NA
225 | 1545 37 100 NA  |NA
250 1509 |52 100 NA  |Na
300 1748 1711 2.00 | 1706 1733
1350  |1676 1678 012|166  |1682 -




N A 300 1748 1711 2.00 1706 1733 350 1676 1678
-0.12 1666 1682 1 4 CLAIMS WVHAT IS CLAIMED IS 1. A
‘met hod of fonning an antlreflectlve coating on an

el ectroni c device conpr|5|ﬁ (A) applying to an

el ectroni c device an ARC conposition conprising (i)a
si | sesqui oxane resift having the formul a

(1PhSi 0(3-xv2(011) am HSi 0(3. xy2(OH) x) ", wher e Ph
is a phenyl group, x haSLAINMES ue of O, | or 2; m has
a value of 0.05 to 0.95, n has a value of 0.05 to
0.95 and m+ n 1; ‘and (ii) a solvent; and (B)

WHATIS0PXDREni ke sol vent and curing the silsesqui oxane
resin to forman antireflective coating on the

1. A methiod of fooming. adearitieeflective coating on an electronic device co.n:q:>1'131nU
(A} applying to an elecironic device an ARC composition comprising

(Da silsesquioxane resin having the formula

S

(PhSiO¢x2(0H))m HSi0g02(0H)n,
where Ph 15 a phenyl group, x has a value of 0,1 or 2 m has z value 0f 0.05 to 0. 95 n
has a value 0f 0.05t0 0.95 apd m+n=1; and
(ii) a solvent; and
(B) removing the solvent and curing the silsesquioxane resin to form an antireflective cdatiﬁg

- on the electronic device.

2. The ﬁnethod as claimed in claim 1 wherein m has 2 value 0f 0.10 t0 0.50 and ﬁ has a vahe
of 0.10 to0 0.50.

3. The method as claimed in clalm 1 wheren in the silsesquioxane resin 6 to 38 mol % of the

"units contain Si-OH groups.

4. The method as claimed in claim 1 wherein the ARC composmon contains 80 10 95 wt% of
soivent, based on the Welght of the ARC composition.



2. The nmethod as clained in claim1 wherein mhas a
value of 0.10 to 030-and n has a value of 0.10 to
0.50. 3. The nethod as clained in claim1 wherein in
- the silsesquioxane resin 6 to 38 naol % of the units
contain Si-OH groups. 4. The nethod as clained in
.claim1 wherein the ARC conposition contains 80 to 95
"Wt % of sol vent, based on the weight of the ARC
conposition. 15 5." The nethod as clainmedin claiml
5. The 1B@6E bfclhite LEinQRe L& Ly : -
~ spin-coat | ngmg?ﬁ'mﬁéﬁé?ﬁgg %@%%eﬂlé}%ilﬁa@iﬁerISPm'
coatingwherei n the sil sesquioxane resin is cured by heating.
7. A nethod of form ng an andreflective coating on an
el ectroni c .device conprising (A applying to an
6. The 18464 £Mifhod 8 ARG SRBASLA R QIR 8,08 o}
si | sesqui oxa?éélggg?ﬁvhaV| Eg t egtﬁl%%flge 18 cmegbg'hégdng‘
(PhSi 00. . xy2(OH),,L,HSi 0(3_,,y2(011),), where Phis a
phenyl group, x has-a value of O, 1 or 2: in has a
value of 0.05 to 0.95, n has a value of 0.05 to 0.95
7. A method offorfhidg andm@irdidclive cSANER 5 vl the
sol vent angd curing thecééi?] sesqﬁ%&?ﬁg{cr el ?%PF(S)IPm
(A) applyingdo en pleptranie derace ambRiYcompoditoredoaytisingi ¢ devi ce;

N Jormng a.resi i mage over the
@%?‘llsreéﬁ%% ?Wé;ug]&}’tn?g] .e%%@._ A method of formng an
antireflective coating on an el ectronic device
conprising (A) applying to an electronic device an
ARC conposition conprjsing (i)a silsesqui oxane resin
havi ng the fé?h%ﬂ%—-x)fl(ommﬁ&oﬁ-xw@mx)m
PhSi 0(3..,0/2(OH)x),,, HSi 0(3_, 0/ 2(OH) x) ",
! f«'é?grrﬂna pheny! groanyk hag puguc of %dsorg’u; yehage vetuemf 005dp 0.95, n

2 has a _value of 0,05 to 0.95, n-has a value of -
hasa“""‘ll%‘?@‘%-@%%&@% B R b 4 ang (ii) a solvent; (B)

'(ﬁ%\ﬁgﬁg the sol vent and curing the sil sesqui oxane
resin to forman antireflective coating on the

- - (B) remogingche soivent ded/curéng the G)lsdsguitixane msines fatn dmmgjieefivedve coating

on the eléc%%m%nc{elv{cg;fgnﬁct i ve coating; and

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



(D) etching a pattern in the anti-reflective film 9.

A nmethod of forming an antigreflective coating on an
el ectronic device conpri si ﬁé (A) applying to an

el ectronic device an ARC conposition conprising (i)a
si | sesqui oxane resin having the fornul a

(El'l Si Op-xy2(OH),)nHSi 0(3_, 0/2(01-1)0n, wher e
8. A m&thod sf forgaierapl angirafleptivecdatiag an wa kelgetrafic dgvide gymRising

' a val ue of 05 t0,0,95 n has a val.ue of 0.05 to

Iga.
(A) appiy9g to AR elerlonic 4evicgp COINRISHIGR HPMPTIFIBS  enpvi ng
t(ggsi‘?&gc}{ﬁ&aﬁ@ n!;hwngﬂﬁelir&@ﬁesqul oxane resin tb

rman antireflecti coating on the electronic
device; (O f(@hﬁlihgx)/a(OIé)s)néisiﬁ)mg@Hkm t he

tirefl [ t tt |

her P st e it iy ol of OF Lyt R B8R kst of B W 0.95.m
hasava1ﬁ@e§o@5%0b§aﬁ@h~1+hefie§ﬂd ve film 1/1 Dependence
of Ph% on k(a)1930m of T(PhYRII) Resin 2.0 1.8 .6 g

éh) dsoddent;, 2 1. 0 Ph% (nol e)-
(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 antireﬂe_ctive coating; and

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

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

(1)a silsesquioxane resin having the formula

(PhSiO3x2(OH))mHSIOG X}p(OI-I),{)n,

where Ph is a phenyl group, x has a value of 0, 1 or 2; m has a value 0of 0.05t0 0.95, n
has a valué of 0.05 to 0.95 andm+n=1;and | '

(11) a solvent;
(B) removinkg the solvent and curing the silsesquioxané resin to form an antireflective coating |
on the electronic device;
| (C) forming a resist image over the Aaﬁtireﬂective coating;
(D) etching a pattern in the anti-reflective film; and

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



