TITLE OF THE | NVENTI ON: TOP COAT FOR LI THOGRAPHY PROCESSES CROSS- REFERENCE
TO RELATED APPLI CATI ONS [ 0001] This application clains the benefit of
priority under 35 U.S.C. 119(e) to earlier filed U S. patent application
Serial No. 60/776,610, filed on February 22, 2006, the disclosure of which
Is incorporated by reference in its entirety. BACKGROUND OF THE | NVENTI ON

[ 0002] The present invention relates to a top coat nmaterial and the use
thereof in [|ithography processes. Mre particularly, the present invention
is directed to a top coat nmaterial that is easy to apply, insoluble in

wat er and depol ynerizes in an aqueous base 5 containing devel oper. The top
coat of the present invention TISLESOF THEINVENTION: t hographi ¢ processes as
well as for inmersion |ithography in which a liquid such as, for exanple,
water is used as the expoPWEATFORDTHCGRAPHY PFROCESSESXt ure of an
exposure tool and the photoresist-coated wafer. [0003] Photolithography is
a process used for making mniaturized electronic 10 conponents such as in
the fabrication of coDROSS-RERERENGEITO) RELNTEDAPRLICATIONS Generally, in
this process, a thin coating of a filmof a photoresist conposition is
first app[o0oed] t Thig applicitioacimstherbenkfit of peibritgundert 350r8.Ga§ d19(e) teebrfiar

evapor at MBS cfeterhanpiFatie SRR ST e B B5 R oF FieBmaiae 00B, Wt ne
coati ng odisco$ure of whithrisiineorpbratedbpteferencsin itsaattiesty.on t he 15 substrate is

next subjected to an i nage-w se exposure to radiation. [0004] The radiation
exposure causes a chem cal transformation in the exposed areas of the

coated surface. Visible Ii %'&‘F@Wyék%é WEI}H‘I@W , electron beam and

X-ray radiant energy are es commonly used today in

' lith hi . Af kS ] = W\ d
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water is used as the exposure medium between the lens fixture of an exposure tool and

the photoresist-coated wafer.
[0003] Photolithography is a process used for making miniaturized electronic

10  components such as in the fabrication of computer chips and integrated circuits.
Generally, in this process, a thin coating of a film of a photoresist composition is first
applied to a substrate material, such as silicon wafers used for making integrated
circuits. The coated substrate is then baked to evaporate any solvent in the photoresist
composition and to fix the coating onto the substrate. The photoresist coated on the

15  substrate is next subjected to an image-wise exposure to radiation.

[0004] The radiation exposure causes a chemical transformation in the exposed areas
of the coated surface. Visible light, ultraviolet (UV) light, electron beam and X-ray radiant
energy are radiation types commonly used today in microlithographic processes. After
this image-wise exposure, the coated substrate is treated with a developer solution to

20 dissolve and remove either the radiation exposed or the unexposed areas of the
photoresist.



5 extend lithography at the 193 nm wavel ength down to the 45 nm node and
bel ow thereby providing an alternative to 157 nm exposure wavel engt hs,
extrene ultraviolet (EUV), and other potential technol ogies. [0006] The

m ni mum feature width (W that may be printed vvith an optical |ithography
systemis determ ned by the Rayleigh equation: = (k1A) / (NA) where k, is

the 10 reggy nL ?Heftr@ﬁ&%w s rklhfatd?'f% r%\‘%tepnlégndll?‘% ? éb%J le@ 8 @l on and

NA is the ri cal ap er ure. uneri ca aper term ned u5|ng
t he equat developmerﬁ omrmmrsmmuﬁmgeaphy ilmmension lithegraply H@Vpﬁe'tbeﬂerof t he

medi Um U1 REh BindiBrlehland Afingr Ahndrdel ARFERIAIISRuiva SlrRste UdRils. The

physi cal |m or exposdre systens using air as I um bef'ween
the | ens aver qonmemﬁelrprbjscthn lithagraghyt H%prbmvledmerabnéthmmmM®é@ause its

[ ndox 2© QlehdfiB6ibAP aF 16347 wavdighdth bbh Yo e AHTRUAL oAl BBALBRLYNC!

i ght Teaves i nce t raction ror water an | ass
i S appr ox prayiding/an altstnative ta 162 nrrr@@pemelwayegengﬂ@r exteasne wiadplel(RHOup

thereby p and deeper focus. [0007] In imrersion
Iithograph{h\é"%eﬂtsl‘é}é%!em \f/?/gen the Il ens and the substrate is filled with a

liquid, t
| ndexqr e 10081 5t R (hafike Bftth WFIrah Hay beliritad i aBuca) HRmEY
| ow opt i caystemsvdesemainediby thesRayleigh aquat@nwébeﬂ@h)g{t(NA Wbﬁf% Is %l'@r exanpl e

193 nyg anp%slaﬁj iof fHctdir &8@%\/&5& tW'o ﬁ':et osuﬂg?éo%t P@A‘ thBfuhfeReal
mat er 1 al e unifornlan enon erre I nmmersion fluid
for 193nmepentures Mmelnpalmgrtamwoss @temnmusngﬁmquaWn MNA Fursn gaghere has

an i ndex ﬁflszgﬁflﬁc‘?ﬁ?df%'f dé@ngf'i‘BP{h%)?h rﬁ's\ﬁrrﬂs%r?adr iing ENem dr &‘Pﬁtﬁé %Eb&ﬁar&?e less

than 5% a ances I's conpatib
phot or esi gnglamﬂthedalss Bmzlphyglcaultmtwémexaowig sysiems ¢isingtair-as mediust m

Appl yi ng i n ach
055" t ne PPREE AT ARANR WRL Y, Mir BT (3PS ralip THETIAH pEbiucd e
r esol 18 i onf refragidnmay causererelatively highearnount ofbending wben lightileayes the glasse

medi um bey \ﬁgﬁﬁe P&éb FidFrall) fﬁxﬂ@a@pgﬁé%E% g dﬁlrémtei 495%"‘1% resol ution
power and ept ocus 'S, I'n turn, greater process

| atitudes respecﬁmlmdésscnendmgg)coﬁrsItlﬁereuysmiowﬂmg 4 SiG0pér andsdeg:per focumit concern
in imersion |lithography is the extraction of conponents fromthe

phot or esi §3007] | in immersiohdithographyi the space betweae the lensrpod thet suibstigteds filledr be

hof e st B ad ey B bR AOORSH ool o SE0G FUH ok
| evel 2g tgpent. sTheaimunersien dlhidrshpuldrprefieeabdynexhibit a low optical absorption at the
operating wavelength such as, for example 193 nm and 157 nm, be compatible with the
photoresist and the lens material, be uniform and be non-contaminating. A preferred
immersion fluid for 193nm immersion lithography is ultra pure water. Ultra pure water
has an index of refraction of approximately 1.44, exhibits absorption of less than 5% at
25  working distances of up to 6 mm, is compatible with photoresist and lens, and is non-
contaminating in its ultra pure form. Applying the Rayleigh equation using n=1.44 and
assuming sin a can reach 0.93, the feature width for 193 nm could reach a theoretical
minimum resolution of 36 nm. In short, increasing the refractive index of the medium
between the lens and the photoresist allows for greater resolution power and depth of
30 focus. This, in turn, gives rise to greater process latitudes in the manufacturing of IC

devices.

[0008] A significant concern in immersion lithography is the extraction of components
from the photoresist film into the immersion fluid. These components may either be
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the resist filmduring or shortly after exposure (e.g., photoacid,

phot oaci d generator, photofragnents, scission fragnents fromthe pol yner
or the other additives, salt of the 5 photoacid and base additive). The
extraction of these materials is of concern for at |east two reasons.
First, the extracted materials may-affect resist performance del eteriously.

Second. ¢ Bfechfilf tdreSRRARiotS Bxidafid (IFE5isE %dﬁitn?éﬁj pAblcBBidRRASRSS

cont am na or ma sor t forms when the
extract edsmrﬁrdl%@utmonmb@u&tplaetnt:herSe@wlr@taQ@n s, and pueehershof Breseadn | s

typicall yttfengLlQ @ﬁil cﬁﬁmg of SNty Qﬁér"&gﬁsﬁrg ‘r?% g"?ﬁéﬁhaa pdbHEH GeHbratae

resi st-coa strateé to prevent conponents ffrom [ eachi ng
into the phetnisagments, sciasion. fragmests tamthe pghenecenthepther prditieas: salhef the

per meaj i OPh& adi sna sddive '*rﬂé'gﬁtréd%ﬁ or{ﬁ%sé’hﬁ% fa‘l?s%%ff céﬁdem fdr @Pikabt TOIo
coat materia ave nuse traditionally 1n photolith aphy as anti
reflecti vévg tqaﬁ@ns;rﬁtshéhe extragtedimptesialsrmaay affect masist p@rﬁormﬁr\ce deleteriouslye coat
(TARC) MBisgt rﬂhfhel .npéo%va%%,tme. hdrtiBh fuid YitEh bRESES ofitamiriahdd by t akes

pl ace wit oreS|st ayer uring exposure. a resul

critical tnrmetm UEEa)bsoehingaﬁIHUha&ifornnswhgbtb\ee&ma@tad ma"%&'%PMO@IaCleth

phot or esi é% ,?&f]&ern that is caused by the variation in the thickness of the
phot oresi s m can be mnimzed. 20 [0011] To fully take advantage of the

anti-§g@fl 9]’(65%56 @ﬁét |€§/p fiy Eﬁ’lglgg@@%s i 4r bEWeRRthY ﬁ’nmér‘%quQfd drdané op

coat nate I al e at e squar e root of tlpllcatlon
of the refasigtcpatedisnbstratefo pﬂ&@@)ﬂb@ﬂﬁ-&ﬁtmmpgmmffP”dﬁGC"t"l'QemFCéﬁhPact i ve

I ndex of ﬂéﬁbﬁhmMémﬁ air, as
in the ca}snilfriel ng'uﬁﬂ,' ryg Q%tapra éﬂh%fnél eBrg\é(%rlfttﬁ%‘ﬁe ractive index Iof the top
coat mat eliquid ln((mti‘yemedsﬁﬂ#nat about 25 the square root of the refractive
I ndex of the underlying photoresist (%nﬂrg because the refractive index of

air is rolfMP} Topoatipyterialsihevebesrcuses teaditionally inehotglithogeaph@santial i s
inertqgo H?Ecﬁmfﬁrr@ loRhé g%%f% Oﬂ?‘ld&orgsgft 8adbp ¥L}% R &al ViaaierigiRal

agueous base-cont al ni ng ut'i ons. coat materials such as,
for exanpk®) preveatdhe muitipte unterlerencemﬁlynttthaps@msmqeomtmma phwteresistdayetos. US

2005 0202l 5 SRR U BRI 7 BB P e

organi c po f are so e I n agueous el oper
sol uti onsfeatuges oba photoresist pattera trmtgmmtsepbyytnmvarqatln@mherthlclmss wfthei pitat e

out of Sobﬁ%b%gls?ﬁpngaﬁfgeﬁ'\%l fzedl east one of the aforenentioned probl ens.

Mor eover, e prior ublé organic -3
20 [0011] To fully take advantage of the anti-reflective effect of the top coat, the refractive
index of the top coat material (n;) should be at about the square root of the multiplication

of the refractive index of the exposure medium (ny,) and the refractive index of the
underlying photoresist (n;). If the exposure medium is air, as in the case for "dry"
lithography, the optimal refractive index of the top coat material (n;) should be at about

25 the square root of the refractive index of the underlying photoresist (n,) because the
refractive index of air is roughly 1.

[0012] Itis preferable that the top coat material is inert to the immersion liquid but is
readily removable in conventional aqueous base-containing developer solutions. Top
coat materials such as, for example, those listed in U.S. patent application Publication

30 Nos. US 2005/0202347 A1 and US 2005/0202340 A1 have been developed that employ
organic polymers that are soluble in aqueous base-containing developer solutions. Use
of such soluble organic polymers, however, can precipitate out of solution and lead to at
least one of the aforementioned problems. Moreover, the prior art soluble organic
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polymers typically absorb Iight at wavel engths greater than 193 nm which
decreases the intensity of radiation that is needed by the photoresist.
This typically results in |onger exposure tines at greater power |evels.
[ 0013] Anot her drawback associated with imersion |ithography is
defectivity. There 5 are many types of immersion-related defects such as,

for ex a”prIY e &b(gﬂ)l (ﬁ%ﬁg t 5t3wave?gn§hi%9%r§5t§i fhan 108 Inff) witHiRdcpédses dy

surface par roma varlety of sources,

i ncl udi ngintensityaf fﬁdlﬁtlgn fheém ne@ded @mﬁm pheteresist. nEtistypieRly results INdRRISAL / r esi st
resi dues. fﬁfo%ﬁfétti Qétﬁiﬁ?'\ﬁérlév ress has been nade in reducing the
, dityi

defect lev I nc ud| ng the scanner shower head configuration and

i nprovi ngy 01‘)@31 hﬁn&tﬂ @r%%?&(‘éséahafé?is\hlﬁtﬁrﬁé}gloﬁﬂ E?ép‘ﬁy i HBMRAty. Theee 1S

still no viable solutlon wat er mar k defects that Occur when wat er
dropl & s frefaany Ypes eldmmarsigoselaied dlefactresughfasy for exarpelar ubblese watesmapiset s

can penet 4Ry étélﬁ@!ﬁu@gﬁw@%e?é&?%er%%H'p!ahi&%s' BuER AR cRGh&P cdifie frofld  as

ot her resi st "conponent's™| eachi ng out there form ng wat ermark defects.
[0014] Re¥afifty Qfrokreessinclidingean l@&nﬁffkmd@ﬂ@@t\%tﬂtcéo'ﬂ gaéerials adir ophobi ci ty,

i ndi cat i ”ﬂ)gc%ﬁ/r&&&treﬁdﬁ&r GRMH &*ﬁg@rb cant &Bg.%@& hb@BQ&n a8 S RIdBERg RS S

wat er mar k Howev een chal 'enge to increasethe
t opcoat hgefeetdenshi le¢lu¢ngquéylnnithq%qannergsmwgr heagd configudipn NG KNRTaYIBgi n t he

hot t
pho g@fgﬁﬁen?@%ﬂB% of reBisdfld tbgébatsS %&Né(}béﬁrtﬁé}@qpéﬂl ﬁd)ﬂﬁﬂétsoimbfn fdrave a

hi gh owards re-precipitation rin water rinse step
t hereby Wwaternatk defeiothat owrmhenM@&r@pletgmemammthqﬁuéacec#ftefr@ew&rns a

need for éxaogerec sa*a? étélcaﬁﬁﬁu é@tt{)ut H&ﬁ@téﬁbo?igﬁlgglﬁit\%fh pHoltd B88E aphy

that is inert I‘SI on , removab e aqueous base-
cont ai ni nyetias chQD LﬂSIS} eomgoRrents) b@c@ng put therebynfermingwategnanktd dr awbacks.
BRI EF SUMVARY OF THE | NVENTI ON 25 QOlG] The resent i nvention satisfies

t hi s needlG14br Berentwpriahasrelated watesmptcdafeds of@@@@ﬁhhydr@ghablcﬁy indicating .
StLLCR) Cl Bt By OO 1opbBRALAL tBéer%’iﬂeﬁb\étéﬁﬂrlg 6a8s Alblvederh at

| east one si |ca S vent | ona cat al yst; and optionally
wat er, whbasbeer aehalienge tmincrease meribn@qbb}’qf momtymwlmal@femlnmﬁ fastposure

t 12}t th
o VIR RRB AN T AR N ey BB cnsary (e
mat eri al have abighertendencytowards mqumna@@wurtﬂgea Ebwatsd ringeyPtEP thareky

appl yi ng %abnﬁ&%po%t:%sﬁﬂ%@féc{é on adjacent to a | ayer of photoreS| st t he
-4 )

20 [0015] Thus, there remains a need for a top coat material suitable for use in immersion
lithography that is inert in the immersion fluid, but removable in the aqueous base-
containing developer yet does not suffer from the aforementioned drawbacks.

BRIEF SUMMARY OF THE INVENTION

25 [0016] The present invention satisfies this need by providing a top coat composition
comprising a silicon-containing polymer prepared by hydrolysis and condensation of at
least one silica source; a solvent; optionally a catalyst; and optionally water, wherein the
silicon-containing polymer depolymerizes upon exposure to an aqueous base-containing
solution.

30 [0017] In another aspect, the present invention provides a method for making a
‘depolymerizable top coat material for use in a lithographic process, the method
comprising: applying a layer of a composition adjacent to a layer of photoresist, the
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conposition conprising a silicon-containing polyner prepared by sol-gel
processing at |east one silica source; and subjecting the |layer of top
coat material to a tenperature of fromabout 50 to about 200C, wherein the
silicon-containing polyner in the top coat material depolynerizes upon
exposure to an aqueous base-containing solution. 5 [0018] In another

t, : t .
e on SO ERTLON  ei ps a
2 mat or | Hast eyesiica ssunoes and spbiselodbe Eyer okjop CoRt TAlErIAlde AtPEPERLFR P

appl yi ng %&P&bog@aé to %?&R QbﬂJC AHesit e §|Iﬂzohn£nf&ﬂﬁﬁg3|5d§rhéﬁ |n|tﬁé/ﬁ{p, cdaher eby

formi ng a coated arti e'top coat materi al npri sing

sil'icon- cmﬂteriahﬂﬁ@olmelyzeéruppn@m%me Iyaraquegep bﬂ?%é@l‘@ﬁ"ﬁ@ s&’ﬂ”“PEast 10 one
silica source; exposing the photoresist |ayer to im i rradiation

t hr ough a[0q5&ﬂt dn aretheraspegty the: presany invention pvidesa "Pﬁg'i"égﬁoé@m‘&%ﬂ acting the

art i ol e Wbl BHEBH Sn oRRRE Wb oA cBfpRGhY ioViahg heRIE csmpiigaCOUS| Y

the top cgat mat portrons 0 ot oresist |ayer, hereby

formi ng amatenatiayed fcpnmmg)a ebotoresish jayer @mntherreatﬁa@léayear anpé)gm a topgRat
transferr 'n%%@gdjgeeﬁt% the ott&@srgﬂ & fetedly foriiRg a tBatl @rtithd, ¥d b dodv er .

wherei n the nmer conponent o the top coat” material is depolyneri zed
upon cont aateral mmpmrng aqﬁe@mgormta@mreﬁrmr erpred by solde! Prasessing PHe?%tt

anot g agNEGlica E&?rc@r % dﬁ%@rﬁbr@.@i?ﬂég&'t@ﬁ'ﬁaﬁné Pradffivh thrBlgivae in a

| i t hogr aphi ¢ process r ayer of a conposition
adj acent tetternpdynask a@ﬂ tfmnbgfmﬂ@slpe poattm@teeain%%aqﬂne the-ariglejwitha agueous

Si11 con- o a4 aLMaRBANIBN (P ARSI GmitarBls?heBp BEARERRLNGAoriaRTy one

silica source, ayer 1s rea r use as a top coat; and
optional | yhesmmtereslshlgyemﬁreretyéonmng acn@ttermﬂ phatosesistlayes o tm%ma@ﬂal layer; of

from abouran??rang rrﬁ@%& aitéHrin #aSIHtdtedifGayd td ﬁr‘é%&t@ﬁél%ﬂrﬂﬂh&@hﬁﬁ@r in the
top coat erla

ynmeri zes upon exposure an aqueous
base- ¢5nt golymey cembomem mf thedop opat raaieﬂnkuﬂeppmnmzw JUBRN CPNRFIEWIEBRRGY NGS

[ 0021] Thgqnggﬁt%@&qtﬁ%@%ﬁ&l the present invention may be better

under st 0o ose s ‘he art by reference to the acconpanyi ng

[0022) F @““%’lfﬁr p{Shop SERE e BRYSERERherioh rI A o coalior o MU on
and -5 [ (ite@raphlchrodesspiepiresi bg i |dpplyinga @yer Qfammqsﬂmrad@mst toalayeind a
substrate o?ﬁﬁ&[)rqe's&g, the composition comprising a silicon-containing polymer prepared by sol-
20 gel processing at least one silica source, wherein the layer is ready for use as a top coat;
and optionally subjecting the layer of top coat material to a temperature of from about 50
to about 200°C, wherein the silicon-containing polymer in the top coat material

depolymerizes upon exposure to an aqueous base-containing solution.
[0020]
25
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The numerous advantages of the present invention may be better understood
by those skilled in the art by reference to the accompanying figures in which like
numerals represent like elements, and in which:

30 [0022] FIG. 1illustrates a substrate according to the present invention; and




to an enbodi nent of the present invention, respectively, under a projection
system during inmagi ng. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0024] The

present invention is directed to a top coat material conprising a silicon-

contai ning polynmer that is insoluble in water and renovabl e by

depol ymeri zation in an aqueous base-containing devel oper solution so that

It can be ?]j FR? 23t P8 Rt cor{\)ehgﬂ'%e te Sl & 5QBsiate/acdoiding B e

coat mate pr esent |nven lon C adjusted 10 to act as a

so t hat bm areempodjmtsofdbepreslenbﬁven’«ageresmmew,dmdéaﬁ PEjeclionis¥steM because
a TARC isgy ﬁ"gﬁ' a%n%f absorbing reflected light to aid in the resolution of
fine featu i top coat of the present invention can be nodified to
become a TARC by adding at |east one chronophore into the conpositions
descri bed bel ow. Exanpl es of suitable chronophores include, for exanple,

5, 8- di gydroxy- 1, 4-napt Nl gRPAESERIPTION BF TEXRWENTION aci d. each of

whi ch are capable of absorblng 1 1 ght used in imrersion |ithography.

For 193 “de‘ﬁf "I'ﬁé‘BPe ht #ﬁ?&ﬁtﬁ‘:ﬂ@dﬁ-@dtéwtov@fosrcoaﬁmhféﬁa%hﬂﬁ% i a SR&GnUM  t he

opti mal |ve|n or a tertal 1s about 1.5 to 1.7. [0025]
FIG 1 depD@ﬁ@lnﬂrpMWdh%t ig mspluble in watesaagl remevable Ry geRAIMeNzZAIBR K549 ng such

as, for %é@é@seoasg %ﬂﬁ%ﬁﬂ;@% r Qélﬁ%@lﬁgb’lt BAP6& BSed fOF "19@ h& |ﬂr9nér§i6h udes

substrate at es but are not [imted
mat eri al s lihagraphy. éddltloruaﬂVamGéfm wtm@moﬁthemse@bwvemtm% (e adi ‘b%%r

ceramgs, t&‘%&l"é‘s%ﬁé%ﬁ%at@eh@%’&mc&%‘ Fbpcﬁ%agé%nnﬁ%m&ﬁi Be SHieve@Nt ai Ni ng

silicon su as crystalline silicon anor phous silicon,
epi t axi al bscause@wTABCMs capabis ofabger b("QS’ﬁﬁQC@d light te aigin Fhet"ﬁﬁ‘dét'ortﬁfrf@ﬂ silicon

ch oxi de.  gihubbe Thb 8 coaf U i BhedkPRILAICK HBBIAANASI ool STARCS

al um num or ynmeric resi Art al'so includes at |east one
mat eri al |aaq|eg aueasmnei cluemophnse into the campagifiens desaribed belewe rExamples ¢fs t o be

patterned saﬁ%b‘i’% cﬁro%?éor‘e.@ r{ ﬂ) rR¥ahpre, 9@%@&6)&%&%@{3&%9&86@5% 24t | east
one naterl erably conprlses dielectric (1ow or
hi gh) 15 rrehakadmenousemd mawmwmhlaaqeapa@leﬁalﬁgrmnmt@ ﬂméléhi ysedid nanuf acture
of high p t arrier
packages TelegDfifoqsatty? Hdf 188 o hiHersicfTHUERIHUIEARAS! 45 06 bl
present omediym,dhe bhtimalrefractive gidextforea 5ARCeaat1erlain%azmtér$t§>l1 Fayer 15. The

resist may be either positive or negative. In a positive photoresist
coating, (00R5hr &4Q. hedepmictd anrasticle 40 that iseadyfasiithograpbic precessing frigh asdonni | e

E Eg exposed ApReR & kSRR ithgradNe rodeds 2ARRAD HEUBELL Hst3te™s. SGiRible1T.

20 substrates include, but are not limited to, materials such as gallium arsenide ("GaAs"),
silicon, tantalum, copper, ceramics, aluminum/copper alloys, polyimides, and
compositions containing silicon such as crystalline silicon, polysilicon, amorphous silicon,
epitaxial silicon, silicon dioxide ("SiO,"), silicon nitride, doped silicon dioxide, and the like.
Further exemplary substrates include silicon, aluminum, or polymeric resins. Article 10

25 also includes at least one material layer 15. At least one material layer 15 is a layer that
is to be patterned after a mask is formed by the photolithographic process. At least one
material layer 15 preferably comprises a ceramic, dielectric (low or high), metal or
semiconductor layer, such as those used in the manufacture of high performance
integrated circuit devices and associated chip carrier packages.

30 [0026] Referring again to FIG. 1, a layer of resist 20 is present on top of the surface of
the at least one material layer 15. The resist may be either positive or negative. Ina
positive photoresist coating, the areas masked from radiation remain after development



opposite occurs. [0027] Still referring to FIG 1, a layer 30 of protective
material is present above the resist to protect it fromcontam nants. This
| ayer 30 of protective material is thin, i.e., 5 typically less than one
wavel ength of the radiation of the projection beam In this enbodinent, it
Is approximately 50 nmthick. A material 40 (or top coat material)

accordi ng e ' | | i ' :

(descri be ﬁ%?%o?’@lbg%de??';e?% %ge:?%é %gsac‘%%{?gh acoff\’tQ “%%pﬁ%%g?g? elﬁ%'?gté ective

| ayer 30. oppésitecgauise done at any tine after the protective layer is
applied until the substrate enters the projection area of 10 the

| i t hogr apliQQR7Ap Sl sefesing o fIG che laxer 30ioh prolertive matesiab ispsegent above the

non- phot 0S&RS 1L | | t |3 f 415 thidiiat i on of
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water but is removable by depolymerization in an aqueous base-containing solution that

is typically referred to as a “developer” by those skilled in the art. As used herein, the
term “depolymerizable” as it refers to top coat material 40 refers to the breakdown of the
polymeric components of the material into simpler components such as, e.g., oligomers

25 and monomers. The oligomer and monomer components, in turn, are preferably soluble
in the aqueous base-containing developer.

[0030] Top coat material 40 is preferably formed from a composition comprising a
silicon-containing polymer. The composition may further include other constituents such
as, but not limited to, solvent(s), a catalyst, a stabilizer, and water as detailed below.

30 The composition may be prepared prior to forming the layer of top coat material 40 or the
composition may be formed during at least a portion of the forming process.

[0031] In preferred embodiments of the invention, the silicon-containing polymer is
preferably formed by sol-gel processing of at least one silica source (also referred to

-7-



-7 herein as a silica precursor) that will ultimately be reacted to form
the silicon-containing polyner. A "silica source", as used herein, is a
conmpound having silicon (Si) and oxygen (0) and possibly additional
substituents such as, but not Iimted to, other elements such as H, B, C
P, or halide atons and organic groups such as al kyl groups or aryI groups.
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the term “monovalent organic group” relates to an organic group bonded to an element
of interest, such as Si or O, through a single C bond, i.e., Si-C or O-C. Examples of
25 monovalent organic groups include an alkyl group, an aryl group, an unsaturated alkyl
group, and/or an unsaturated alkyl group substituted with alkoxy, ester, acid, carbonyl, or
alkyl carbonyl functionality. The alkyl group may be a linear, branched, or cyclic alkyl
group having from 1 to 5 carbon atoms such as, for example, a methyl, ethyl, propyl,
butyl, or pentyl group. Examples of aryl groups suitable as the monovalent organic
30 group include phenyl, methylphenyl, ethylpheny! and fluorophenyl. In certain
embodiments, one or more hydrogens within the alkyl group may be substituted with an
additional atom such as a halide atom (i.e., fluorine), or an oxygen atom to give a
carbonyl or ether functionality.



additional atom such as a halide atom (i.e., fluorine), or an oxygen atom
to give a carbonyl or ether functionality. -8 [0033] In certain preferred
enbodi ments, the silica source may be represented by the follow ng

formula: R8SI(OR )"" wherein R independently represents a hydrogen atom a
fluorine atom a fluoroal kyl group, a perfluoroal kyl group, or a nonoval ent
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perfluorodecyltriethoxysilane, nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)triethoxysilane.

[0034] Particularly preferred silica sources of the formula R.Si(OR")4., are those
wherein R is a hydrogen atom. Examples of such particularly preferred silica sources
include trimethoxysilane and triethoxysilane.

[0035] The silica source may also be a compound having the formula Si(OR?), wherein
R? independently represents a monovalent organic group. Specific examples of the
compounds represented by Si(OR?), include tetramethoxysilane, tetraethoxysilane, tetra-
n-propoxysilane, tetraisopropoxysilane, tetra-n-butoxysilane, tetra-sec-butoxysilane,
tetra- tert-butoxysilane, tetraacetoxysilane, and tetraphenoxysilane. Of the above,
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perfl uorodecyl tri et hoxysil ane, nonafl uorohexyltri nethoxysil ane,
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(heptadecafluoro-1,1, 2,2- tetrahyd rodecyl)triethoxysilane. [0034]
Particularly preferred silica sources of the fornmula RaSi (OR )", are those
wherein Ris a hydrogen atom Exanples of such particularly preferred

silica so ' ' i rdi | 1230 5] The
i1 ca sodbial prsbifod SinidunBE by Al aRBMokcBho ReEAORIane et |

R2 i ndepepupokysjlane ptetraisnpropaxysilane; ar tetiapbenpxysitangr oup. Speci fi ¢ exanpl es
of the conpounds represented by Si(OR2)4 include tetraneth X%‘Si | ane,

t et r aet hof0086] aitbe silica seurce May@isadyess campoundchavirigdbe farpsia/Biv(FakHs+Si-

Lot 1 aacet By SHOR i fibiel RO SidoreRBegty i ded b e

t et raacet OXysi | an apnenoxysi e Ot -11 certain
pr ef er5 edatopmes anacnavalent erganidgroup; Raapd RS ayesindependently a maneuieat raaric

tetra-n- i | i : i .
[ 0036] " naEUBr B ¥Rk 3R, bd Bl AR ARAHENITEER i niRbEABAGRG ST § &
R3b( R40) 3RHBi an ¢:ypEn siqnORbphaRylenaigeous, a bipheaylda Rephihalens GepPn 8eR BIQKP,

hydr ogen Of : ‘ I ! nti and R5
Y P hdopliElerfsd b CE- SuhéiTh i0fn dRHR QR o8, br BgrbiRatané BT |

di f f er ent thenebfe Spacifis exampled of theseigdmpopunds wherein R2 is arRgxygen &tero ifgde: at om
a phepyl e +Ri.phe ém%l, r epresent ed
byp- ( I2%2) ﬂ?"‘“%@ﬂ@’?”é’% HQ)'F]aQ{éS Hé*\aﬁtﬁxg@%w%’%%% ro cfué’i[ogég?, @ﬁnéséérb?nats I ons

thereof . Beetaimietioxg:Bamuiteddisifoxanes el ¢ Sidspentaethowyed-leathyidisiioxane okjdeh at om
i ncl ude: L Sit e i Sial - i
nexaphono TR aapnetViis| BRE: 1,15 3 e S SR IRIstoane, 1,133

1, 1, 1, 3, 3tgtmmeaiettyok§-dBnetbyltigilakase] i Siktetraethoxy-3,33dimethyldisiloxane, 1,1,3,3-

ent anet h - 3- LSl , , ; 1@ tal] 5 l1S4 4 OXxane,
et STt S i 15 BBk et

1, 1, 318- t timethokyek$:3itrimettiyidisiloyant, 9i 1,3 triethoxy41,3,33riethyldisiloxane, 1,1,3-

tetranmet hgxy- - di n b Sl , . i - )
1,1, 3,3t g’f’ﬁ%?é?’?}’ég-?%@gg%{g’b‘ﬂ%h%@gﬂ%’i’éerﬁré‘,’xyﬂ'i’?é”‘irée"y'd's"°xa"e' 1.3
rimet hoxﬁhﬂetﬁoﬂ-t,njmtdmhwtrsjldigbogm, 1,3-diethoxy-1,1,3,3-tetramethyldisiloxane, 1,3-
b3 Lg;(@?n'iéléé{)@ﬁ ﬁ@éﬁ;@ﬁ{é‘ﬁh&ﬁlﬁ%@%’ﬁé‘%& 3%iidthdy-1,1,3,3-tetraphenyldisiloxane.
1,3-tri ﬂflﬂmSjE- prefertedt copiipoondsl ase hex,ameﬂwx&diSiloxane, hexaethoxydisiloxane,
met poxy-1.1.3. 3-tetramet byl disil ox . o )
= ol haRAnerSy PR, T dont A RiBysL 3 dmethvidisioxane, 1,1.3.3
met hoxy tétrabthbxg-1t Btinsstiwddigilokase,| 0% 3/3ctetranhethoxy-1,3-diphenyldisiloxane, 1,3-
, 3-diethoxy-1,1 - raphenyl.di sil e oprounds
re hexan@?’ﬁ%ﬁ%’ii‘i o%(gﬁt%@, Mﬂgﬁﬁ%gﬁaﬁe@ﬁ%fg‘gﬁﬁt&@%ﬁ&@(@y |n§l ]Iir’gxane,

1, 3, 3-t &imethokyho1)3, Itelraphemyiidisilostane; | Sdiethoxyt1,1,333-Btraphenyldisiloxane.

Specific examples of these compounds wherein R’ is a group represented by -(CHz),-

25 include: bis(trimethoxysilyl)methane, bis(triethoxysilyl)/methane,
bis(triphenoxysilyl)methane, bis(dimethoxymethylsilyl)methane,
bis(diethoxymethylsilyl)methane, bis(dimethoxyphenylsilyl)methane,
bis(diethoxyphenyisilyl)methane, bis(methoxydimethyisilyl)methane,
bis(ethoxydimethylsilyl)methane, bis(methoxydiphenylsilyl)methane,

30 bis(ethoxydiphenyisilyl)methane, 1,2-bis(trimethoxysilyl)ethane, 1,2-
bis(triethoxysilyl)ethane, 1,2-bis(triphenoxysilyl)ethane, 1,2-
bis(dimethoxymethyisilyl)ethane, 1,2-bis(diethoxymethylsilyl)ethane, 1,2-
bis(dimethoxyphenyisilyl)ethane, 1,2-bis(diethoxyphenylsilyl)ethane, 1,2-
bis(methoxydimethylsilyl)ethane, 1,2-bis(ethoxydimethyisilyl)ethane, 1,2-
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t et raet hoxy- 1, 3-di net hyl di si | oxane,

1,1, 3, 3-tetranet hoxy-1, 3-di phenyl di sil oxane, 1, 3-
di met hoxy-1, 1, 3, 3-t et ranet hyl di si | oxane,

1, 3-di et hoxy-1, 1, 3, 3-tetranet hyl di sil oxane, 1, 3-
di met hoxy-1, 1, 3, 3-tetraphenyl di si | oxane;

1,3-dieth - - | diysi; . Inkd | f th
conpounds SHEF Oy eten LyHRHERG, o e hmiphennERlanB B8 05 O, these
bi s(tri nmebistrimethoyysilyBrropans, 153-bis(triethoxysitylprapangnbBhane,
bis(trioh s _ . Y . hane,
b1 s(d et nORTEReTTinaRa, oL bR DRy OBl th e e,
bi s( di et hbis{dietbopinuthyisilyliptopane, 1. 3bis(dimethoxyriiemdsiviiPsanape) hét hane,
D SRR 1 S BRI oy Bl e, o
Eg sg Ej ri eE bis(qtlsd»tyylln)ei_h*isilyépropaae,tﬂi,&pb(mp‘hem'@nvlyilwmm_é? a?gj t?h s
i s(dinme : v o= et hane, 1, 2-
bi s(di met E%@M#%Y'%‘M’ﬁ%@% df,t@?s%r E'%ﬁﬁi' R 'ﬁ'p@% P Y1) et hano. 1. 2.
bilz( g?t ?obiﬁ(t'rinetﬁwysiIiyl)mb}"@hhabie(triﬂh%ﬁlyﬁ(f@_ﬂmydi met hyl si | IyI _)Ft lh;;m;a,h 1,2
- i s T2 ; enyl si et hane,
1, 3- bi s?ﬁsmn@%ﬁ*8>%€'§?ﬁ¥‘%§ﬂ“&%%§%?%(%&8| 95 t%ﬁ@%‘ﬁ@%ﬁﬂ“& )%r opa%e, 1, 3-
BI :E fj na()a {oﬂbis(ﬁiuyletﬁolyygrmnybﬁmmetnar& biséc(ldhnmheax}ﬂbfl)wtf@nle?/ls_) lor |0|)oapg, aﬁéB- L
i i o Bs hepy! si , 1,
5 bi s(di eﬁ ﬁﬁ%@ﬁé@‘é‘%%&' r%ﬁ%"nee?"sf‘?tgé%g‘?@'ﬂwy% met hyl siyl ylo) plroopane,
1, 3- bi s( bistrogthdkydiphepyisilylymetbanspamkbis(efr®xpdipiienylsiiyypethph@ny| si | yl ) pr opane,

and 1, 3- bis(ethoxydi phenylsilyl) propane. O those, pr ef1erred conmpounds
are bi s( {0037}t hrosrtdin prefereachembodimiststof thet presgni invgntions fh @h the formula

bi s(di net YABINY sl { s{di gt ' .ail0

bi o( i met FORNpRepire ot Hie B SHORSl 2ail & el eSlorblin RELREORuSH

bi s( M8 hoxR SRR J gan)eaeh lindependently deteomguovalant praanicgrprp phthadormula:

bi s( met hoxydi phenyl si |l yl ) met hane and bi s(et hoxydi penyl sil yl ) net hane. [0037]
In certain preferred enbodi nents of & he present invention, Rl of the

formula RaSi(OR )4..a; Rof the f%[JmJIa Si (OR2) 4; and Rd4and/or R5 of the

formula RBb(RAO MSi 15 (R )-Si (OR5) 3}, Rec can each i ndependently be a
nonoval ent organic group of the fornqula: 0 C CHI

-t

wherein n is an integer from 0 to 4. Specific examples of these compounds include:
tetraacetoxysilane, methyltriacetoxysilane, ethyltriacetoxysilane, n-propyitriacetoxysilane,
isopropyltriacetoxysilane, n-butyltriacetoxysilane, sec-butyltriacetoxysilane, tert-

20 butyltriacetoxysilane, isobutyltriacetoxysilane, n-pentylitriacetoxysilane, sec-
pentyltriacetoxysilane, tert-pentyltriacetoxysilane, isopentylitriacetoxysilane,
neopentyltriacetoxysilane, phenyltriacetoxysilane, dimethyldiacetoxysilane,
diethyldiacetoxysilane, di-n-propyldiacetoxysilane, diisopropyldiacetoxysilane, di-n-
butyldiacetoxysilane, di-sec-butyldiacetoxysilane, di-tert-butyldiacetoxysilane,

25 diphenyldiacetoxysilane, triacetoxysilane. Of these compounds, tetraacetoxysilane and
methyltriacetoxysilane are preferred.

[0038] In embodiments of the present invention where it is preferred that top coat 40 is
more hydrophobic, the silica source comprises at least one fluoroalkyl group,
perfluoroalkyl group, or pentafluorosulfuranyl group (collectively referred to herein as a
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CHnNn whereinnis an integer fromO to 4. Specific exanples of these
conpounds include: tetraacetoxysilane, nmethyltriacetoxysilane,
ethyltriacet oxysilane, n-propyltriacetoxysilane,

| sopropyl triacet oxysilane, n-butyltriacetoxysilane,
sec-butyltriacetoxysilane, tert 20 butyltriacetoxysil ane,

| sobutyl t “ﬁtﬁfﬁﬁé@é%ﬁi&: 48&rce™); Ffﬁé”akﬂof.:[\f FFabaratsd %iﬁ&eso@@é:preferably ranges
pentyl triacetoxysilane, tert-pentyltnacetoxysilane,
i sopent y| fromeatoubP4itd aheyt 100adMe moyé preferably fiepsabawt 8,01 to about 50 wt%

henyl tri t S | ' h! ' #€H I, ane,
B ALy, AR dotieaen\ iR ndLanRsirsRiBIe
but yl di ac&roxpeicpatteatedal-40e Freferablylithe atleast one ueroalkyl group, perfluoroalkyl
di-terg-b dj ' ' ' K! intdeh aget oxysi | ane.
of theése Ea#ﬁbgﬁﬁdegﬁ %fdréa&'gg@{‘ g@g% @E@H%énﬂ{e%?r’eq;trﬁyi tpioggg?_'gig;éslﬁlgéne are
pr ef er r ed contaDBR] 1-24 carboo dkaras vithait leastons atomrheingifuly substituigd Py Fi Thes
preferr edﬂh{m}e-&%tit‘aﬂ@ﬁ fufidtdnt ¢ fm{ré‘as%%ﬁé ﬁnm@@cp? Hdbfei 'vhqhsat SHNGFt:
conprises al |east one aiht oaPky group, pe %OI‘ oal ky roup, o
pent af | uordditioial Lihlight of thedesicerd Waiength yT! hiseiﬂeneawintiwdmf@gmthmaa -13
"fluorina KIMN S ) t I | Inh | G @i e
pr ef er abl w&gﬁlé%st&ﬂﬁ@'%%ﬁ'ghtd gﬁgﬁﬁ‘tﬁ%’éﬁﬁég{a‘é&&g&%&%ﬁﬁbﬂ}%%’r% e'ﬁ%‘?lg from
about 10. 0teduse dimoccuirence of watatmarniodefegts oh dheagtibstrater dneadicudingrykiltio about

20 wt % of P - : '
Pref er agl §Mﬁ§'ﬂ'am‘ %E%%’f%ﬁ@%%@%ﬁ%?ﬁp%ﬂ&&g&ﬁ% ?’Eg‘?’gg’l"ﬁ'g |tﬁ§a'g?r° gﬁtp, or
‘pent af | uoobBudrineraterps inthe sitica seuraele Examplea of sushdluotinated silicy soyrcegjincluge

subst it ut ey R En B the sAparBRp BB RIS, 1 LY . e
film s hygeojfiatrophenylpropyitcoetruysilabe rfridesaltlioro-:1a2, 2 atratiydraoctyi)- t he desired
br event T o ORI, SR8 { 2Ra e maRBEIshe At b | 1
reduce t heediuotadeeyltriethoiysilaherramafliordbéxytitimetoxysilane, tieptadecafiuotmd, 162,2-
Suuarey WhbbBaohndbhotists, (AR oo TV oPTONLE Y con e
Exanpl es tdtrahydiodécyi)trietharysitane) hJ}peataﬁuunsaimranw-Bttdezthoxysilylm_ethane, 1- _
5 AR o ISARB ARG AL A RRRGRRL 1 t oyt ane
(trideeaf trethaeysiylprépahe, dtpentafidomsalfyranyl-Ustriethorysilyikytane ahe,
(L 9ot | ot e AR BBy 1 27 2
hept adecatrietfooxysilylHexan& - 1-pentafluorosulfuranyl-3-trimethoxysilyl-1-propene, 1-
pentafluorosulfuranyl-4-trimethoxysilyl-1-butene, 1-pentafluorosulfuranyl-5-
trimethoxysilyl-1-pentene, 1-pentafluorosulfuranyl-6-trimethoxysilyl-1-hexene, (1, 2, 3, 4,
25  5-pentafluorosulfuranylphenyl)propyl trimethoxysilane, and mixtures thereof. Other
fluorinated silica sources for use in accordance with the present invention include those
disclosed in U.S. Patent Nos. 7,060,634, 7,062,145, 6,479,645, 7,060,846, 6,870,068,
6,958,415, the disclosures of which are incorporated herein by reference in their entirety.

[0039] Other examples of the silica source may include a fluorinated silane or
30 fluorinated siloxane such as those provided in U.S. Patent No. 6,258,407, which is
incorporated herein by reference.

[0040] Another example of the silica source may include compounds that produce a Si-
H bond upon elimination.
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t etrahydr odecyl ) tri net hoxysi |l ane, (heptadecafluoro-1,1, 2, 2-

t et rahydr odecyl )tri et hoxysil ane,

1- pent af | uor osul furanyl - 3-tri et hoxysi | yl net hane, 1-

pent af | uor osul furanyl -3-tri et hoxysilyl ethane, 1-pentafluorosulfuranyl-3 20
triethoxysilyl propane, 1-pentafluorosulfuranyl-4-triethoxysilylbutane, 1-

P e hor L) | 88t ebbdinhia Y prkodif iveiifon, tnd Slfoaufl fiay prefeBly - >

triethoxy hexane, | uorosu rany . oxysi I'yl'-1-propene,
1- pent af havg as al leastangl cabaxylicagitestesbonded 1o the Siratom. Examples of these

1- pent af | B Lr] : RV , -
- pont af | e Siroet MBle RtrabboBRISIENS, Motk ikpBERISiERe, ethyiriacstoxysilane.
5- pent af | gbemdtriacaioxysiians iaceioxysilone, methyidiacetoxysilhagadimatvlageteoxysilese,
th . ' bl wse g th th
o esent i hethyateQilit. Al Bliiof > 03 4§t o sl ARERpARE Siih 1 1
\7\/i"l Qaﬁ, 145 so@cd hes 6BastRredt) akrs hadng aCadsgylateqyrogg atacheditheretd, 18 osur ea ﬁf

I C are . : | | er
exanpl o SPPREIRSH faf fritf B AddhiehElifeal PutdS iatiily ddfinkoossebiiple
f 1 uori nat e carbaxylate atachiedds thenSissdorpr ovi ded in U. S. Patent No. 6, 258, 407,

which is incorporated herein by reference. [0040] Another exanple of the
si li ca sol@043] mdpeisilich aderce mgycalsale a lingarpeysticics bearghed Eilaxane, ailingar,

el impati ‘- | r | : t ion, the
sili 02@508' c,l'g' JrF;ber'grLeé?j ecrag%s@mﬁgvlg{égﬂ%ggﬁpér;%rt%%lﬁ]%escﬂg%%ﬁe;%plo'l \aégllq%l ester
bonded t oolignmegic siisesquidkaneiragixiofesithereef. silica sources include
tetraacetoxysilane, methyltriacetoxysilane, ethyltriacetoxysilane,

phenyl t r i {0043px yrsothanembedimeotst o tyaspreaens investion; laiganosianegdndane,

di met hyl a AN ' Y& e |4 to the at

| east oneegalﬂ?%@éﬁ%rg%&%%bg?%m%g&g&%c%ﬁl{ag%uorrgéﬁh]sggﬁéas:érﬁgaﬁt one Si atom
havi ng a otganosiioxares igcude. axgt d8halkylsilanes tapresented kyothe sermulaR ' 'SR %ur t her

car bl atherd ) BHlinkoet fin AL RS ity SBY irdRborREfip PbL ordBifnonkler |
linear, cytraight chain Gr taredallyl grdupx(e.ge mathyli etbyl),,a C410 Cysuibstitutedrorbr anched

ot goner | anguelutdd ERoaIGY oS (0 8;, cYIGUAeBHbRERT 8 APbIEN O i o
of the prepsaturated/aliyl gooup (emmmpédyhrbakadienﬂl). a)Cgmﬁ{&isub&tﬁufed ocare preferred

Ly <o UF AL R0 PLA" B8 075, AR SRRl ARGS g v, e 0

20 methylsilane, dimethylsilane, trimethylsilane, tetramethyisilane, phenyisilane,
methylphenyisilane, cyclohexylsilane, tert-butylsilane, ethylsilane, diethylsilane, ,
methyldiethoxysilane, trimethylphenoxysilane and phenoxysilane); (b) a linear
organosiloxane represented by the formula R''(R'%,Si0),SiR'%; where n is an integer
from 1 to 10, or cyclic organosiloxane represented by the formula (R'R?SiO), where n is

25 aninteger from 2 to 10 and R'' and R'? are as defined above (e.g., 1,3,5,7-
tetramethylcyclotetrasiloxane, octamethylcyclotetrasiloxane, hexamethylcyclotrisiloxane,
hexamethyldisiloxane, 1,1,2,2-tetramethyldisiloxane, and octamethyltrisiloxane); and (c)

a linear organosilane oligomer represented by the formula R'4(SiR''R"?),R'? where n is
an integer from 2 to 10, or cyclic organosilane represented by the formula (SiR'R?),,

30 where nis an integer from 3 to 10, and R'" and R'? are as defined above (e.g., 1,2-
dimethyldisilane, 1,1,2,2-tetramethyldisilane, 1,2-dimethyl-1,1,2,2-dimethoxydisilane,
hexamethyldisilane, octamethyltrisilane, 1,2,3,4,5,6-hexaphenylhexasilane, 1,2-dimethyl-
1,2-diphenyldisilane and 1,2-diphenyldisilane). in certain embodiments, the
organosilane/organosiloxane is a cyclic alkylsilane, a cyclic alkoxysilane or contains at
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15 where nis an integer from1l1l to 3; R' and R12 are independently at | east
one branched or straight chain Cl1 to C8 alkyl group (e.g., nethyl, ethyl),
a C3 to C8 substituted or wunsubstituted cycloal kyl group (e.g.,

cycl obutyl, cyclohexyl), a C3 to Cl0 partially wunsaturated al kyl group
(e.0., propenyl butadienyl), a C6 to Cl2 substituted or unsubstituted

aromati ¢ sgorae QR&F}&}r allf yPhildde b&ﬂgerﬁg hﬁ o?‘éféiéﬂ@tédéﬁb\é 12 dislisoetifare, . 20

mathylsHan ane,” trimet | ane, tetranethyl I | ane,

phenyl si | araedlsulampmpapmmemylsmcloby n@hbgﬂsémmﬂMS"P&)Pym@i Mene,
et hyl si | "J"E!ﬁ"netfk/l‘:"It M|%E|MHcloh%ﬁ@Wl ‘phﬁﬁé?ﬁyf-ﬁséllbg‘&acﬁ/élbl@iahw ppenoxysi | ane

and phenoxysi |ane near anosi | oxane represented by the fornmul a
R'(R122Si (@Rl%llmeféane,l1s4-§ﬁ(dlm§ isitybepzgnelort1s3-10, or cyclic

or ganogi :c? yfs‘ﬂﬂiégél%ﬂ t%ﬂib %@Hwﬁeﬁg %%r@n&sm&gﬂnds‘ﬂo@@”

I nt eger are as defi above dg , 7-
t et r anet h@@?@ﬁ(&féﬁﬁta@lslldﬁ(@fﬁﬂp selectaﬁﬁpnymwmmnﬁﬁgng @B@m@OXI ea

1T Y AL R 000 O B8Rt rap g y

1,1,2,2-tetra tr|S| oxane
| i near orgmupsmmdneamsteg@ammmdepme@mmqyganqséanmrsan@slimﬂessmfmsz) R12

where n | nted b
the 1 or mumelyESAer Tt 5-bGuaIehe, BIrRRNER AR nRIgREN O DY )
are a$0 detrimettylsibtacetate agd di-tertsbuterydiacetpkysilane.ane,

1,1,2,2-tetranmet hyl disilane, 1,2-dinethyl-1,1,2, 2-dinet h_oxg;dl si | ane,
hexanet hy [@Q44] | The catabyshavitablg for theipresant inventian, if employedxiap éﬁ%/ﬁ%é%"@é‘ﬂ'lcane

1, 2-dinmet I&Ylnorg%an?c i P BB éeﬁgﬁt'e%aﬂr Sidliee. tfl% b@?@%‘(g@t‘:s‘iﬁdt@ﬂ?}mn{ tﬂe%%é ain

enbodi nent's or ganosi ne I's a cyclic alkylsilane, a
cyclic al kosgsin thedresence of wites, and/or e rendensaien aftwe sijicasourres io faim " aBe
bet ween a |

1 3-disil asﬁ?p%op id g %st%f‘%éc"éré F) Oq%nf@abzdeshf%ﬂ&‘?wa&ﬁnot limited to,

1, 2- bi1§(t quaterrayy enmony;mycltsoamt kygegxides1 such as ammonium or

o ety e R AR il Ao S o xan
(di met hy| sirind 9xiges. dbprafared embodimeai of thetmelsené mvsnthrh &he catalyst is an
or ganosi | "f}{b éﬁ:@?&l&’%b&fé@%t n&CiiPrhéhrié rﬁtnE%gnﬁt Wo‘??ém&’rf‘c &ﬁf%g%ﬁlﬂgﬁé from

the group CoOnsi's L di ene,
phenyl et fryother pr@f&rtedaenmiilmgmsa the gatalyst isrcartoxgic acid gych agy rbu’u'mot\lmt@ﬂ tean

ot Pyt S acks Tl MBI BPRRLARE CURETRIE BiRRros oI
t ri met hyl yel gtheyprefemredteathodineentd,Ghe catalystiy lapidnyin@aeeid @ueh as;cbut not limited

oresent 1 Sy ATERSPHBOLR! B e Gred gl oRt s e

acid.

[0045] In addition to the silicon-containing polymer, the composition from which top

25 coat material 40 is formed preferably includes a stabilizer that functions to stabilize the
silicon-containing polymer and inhibit further undesired polymerization. Such stabilizers
include 2,4-pentanedione, 1-hexanoic acid, glycerol, acetic anhydride and 1,1,1,5,5,5-
hexamethyltrisiloxane. Free radical stabilizers also may be employed in compositions of
the present invention where the silicon-containing polymer has the potential to further

30 polymerize by free-radical initiation. Examples of free radical scavengers include 2,6-di-
tert-butyl-4-methyl phenol (or BHT for butylhydroxytoluene), 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO), 2-tert-butyl-4-hydroxyanisole, 3-tert-butyl-4-hydroxyanisole,
propyl ester 3,4,5-trihydroxy-benzoic acid, 2-(1,1-dimethylethyl)-1,4-benzenediol,
diphenylpicrylhydrazyl, 4-tert-butylcatechol, N-methylaniline, p-methoxydiphenylamine,
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or inorganic acid or base that can catal yze the hydrolysis of substitutents
fromthe silica source in the presence of water, and/or the condensation
of two silica sources to forman Si-OSi bridge. The catal yst can be an
organi ¢ base such as, but not limted to, 15 quaternary amonium salts and
hydr oxi des, such as anmmoni um or tetramet hyl ammoni um am nes such as

primary, y@ﬁ?ﬁﬁ% RN &Iﬁ{etnly%{) gffyuaﬁa.anﬂﬁ@ p-RYSragdpReARgmineN pRémEr I ed

enbodi nmen esent | nven the catalyst i's an i nor’g%&l c.acid

such as, egtadaex- 3I(F5Iﬁ-@léart1bytylﬂ1m¢me<y%mrul) PFRpiANSE (tefrakis (Metiylens .38 f uri ¢
acid. Ing P@tx‘) @H iyﬁ'glg?dﬁ}%kﬂ?é)trﬁethéﬁ? pﬁéﬁ&hiéﬁhes llgRirRasNdissurésd, d such
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4- hydr oxyIspU/IeotsI gluemmplv)anﬂsyglygm ether solvents, or ester solvents. In certaln
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2,2 - met hwodnng tmomtq Get belows1807C. Thesesalvgnts includgl busiage not limited to, ethanol,

b lid
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can be used in the present invention but have boiling points above 160°C, include

dimethylformamide, dimethylacetamide, N-methyl pyrrolidone, ethylene carbonate,
25 propylene carbonate, glycerol and derivatives, naphthalene and substituted versions,

acetic acid anyhydride, propionic acid and propionic acid anhydride, dimethyl sulfone,
benzophenone, diphenyl sulfone, phenol, m-cresol, dimethyl sulfoxide, diphenyl ether,
terphenyl, and the like. Preferred solvents include propylene glycol propyl ether (PGPE),
3-heptanol, 2-methyl-1-pentanol, 5-methyl-2-hexanol 3-hexanol, 2-heptanol, 2-hexanol,

30 2,3-dimethyl-3-pentanol, propylene glycol methyl! ether acetate (PGMEA), ethylene glycol
n-butyl ether, propylene glycol n-buty! ether (PGBE), 1-butoxy-2-propanol, 2-methyl-3-
pentanol, 2-methoxyethyl acetate, 2-butoxyethanol, 2-ethoxyethyl acetoacetate, 1-
pentanol, 1-butanol, n-propanol, isopropanol, and propylene glycol methyl ether. Still
further exemplary solvents include lactates, pyruvates, and diols. The solvents
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guns. 10 [0046] The conposition fromwhich top coat material 40 is forned
preferably includes a solvent. The term "solvent" as used herein refers to
any liquid or supercritical fluid that provides solubility with the other
conponents, adjusts the filmthickness, provides sufficient optical
clarity for subsequent processing steps, such as |ithography, and may be
at | east &glm tiER BAWE'? e 3BIVERKS! @y Sour ce
such as, ﬂﬂ&‘%ét%%(/%ém e &ﬁ ?%’Qj %grﬁévgﬁ?gb?ﬁg‘talare suitable for use in the
present i noeéenmd)ﬁnhwmentsl. theesolvent mey comptise enRg o Meye Sé&/&ntﬂ vdth relatively t s
solubilit e , fects the viscosity of the
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car bonat e 41,8 PréVideYArEERintRSE Bf)tﬂ@ta&wdl ’Vtﬁ@ rrﬂktu?@%dj&fd peatdiMsted %ﬁhﬁ@g' ene
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and the i rre I nc ude ene gl ycol et her

( PGPE) , pKh efonrc%mmugaze a@d npgreatep ghanatol Exammfz& Qfﬁtfﬂﬂg Reids MU£ HQanol |

2- hept anolye t hyl

Sther acefichd c{i@é@&%pm@ﬂ %ﬂonéerp%{ﬁl@ @éc%n Jgf; rﬁé’l&icgﬁ&ﬁj g*%ﬁg{nggﬁ

n-butyl etakidic roeBRf oxallctmcbﬁ;c ampeswfistrong i;eswnclgde é@%

2- met bpx fﬁw e, 1-
pent aﬂgl y?él%?tﬁﬂ%%ﬁ'u&? g anoﬁyﬁ@%?g&aﬁ’gﬁé# propy ,93?}&,%%?

choI thyI
et her. St istrbng acid ishgneatex thaplthe pumbew@‘rqqylvahotam&rpa@ba%%éhemt% , and
diols. Th t e or
conbi nat i gﬁﬁgfo\{?{é rﬁ'x;u}%ncfgﬁggﬁ%@éﬁgd%ﬁ#thr el}pgr?\rg;%ﬁfingﬁ @’msnt s, the solvent
nmay conpri ne I h
e, ol | PRoH 51 eHRL s o Bfort g 2 ckivalhisarirohd basikq SR ikl
o0 AR U o G g R SR s 2
strong base, then the pAc1d value of the mixture can be calculated usmg the following
equation (6):
pAcid = 14 + log[(equivalents of strong base — equivalents of strong acid)/(kg total
mixture)]

25
When the number of equivalents of strong acid equals the number of equivalents of

strong base, then
pAcid =7

30 [0049] A composition according to the present invention having a relatively low acidity
level, i.e., having a pAcid value that ranges from about 1 to about 9, typically will provide
improved stability at lower pAcids, but catalyzes the depolymerization of the polymer at
higher pAcids such as, for example, when top coat material 40 needs to be removed.
For example, at a pAcid value of less than 2, the rate of hydrolysis is large compared to

35 the rate of condensation. Since hydrolysis is likely to be nearly completed at early
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al so act as a solvent and it may act as a catalyst. [0048] It is preferred
that the conposition of the present invention fromwhich top coat materi al
40 is nmade has a certain acidity |evel expressed by the pAcid value. The
pAcid value provides an estimate of the acidity of the m xture and can be
calculated fromthe 10 ambunts of strong acid and strong base in the

mxture.  Epigeb PHE oA YRR grdwiid bafher Bficdiy drol r%'?éé’ctﬁﬁ R ptéficstra of
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usi ng the e ti tron
bas eg - eq l? Hﬂg bg%g&ofe Eﬁlp f'?t%anH ?ﬂ’f éhd‘tncﬂnél r?ino{"n(&ﬁ%ré) ?Md?ghévﬁelﬁ a@irgé nu nbgr
of eql® valsupply obmopemenig tbeszst@qmustherae;s sigmifieant de-polymerizationeftee st rong
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cluster - ShUSLE" 15100 LER bbbk LiniRatink RIS bedeBlidaidng |
i.e., sil @cencebhelPhysibsandhemistey offial-Gel Processung byC Jeffrey Brinker and

George W. Scherer Academic Press, San Diego, 1990, which is incorporated herein by

20 reference.

[0050] [n preferred embodiments, the pAcid value ranges from about 1 to 6. In more
preferred embodiments, the pAcid value ranges from about 2 to 5. In certain preferred
embodiments, the pAcid value may be adjusted to this range by adding a strong acid
catalyst, i.e., having a pK, of less than 2, to the mixture. Although the pAcid value is

25 intended to be an estimate of the pH of the mixture, pAcid values for compositions
containing weak acids such as acetic acid, either added to the mixture or generated in
situ by hydrolysis of the silica source, may be a poor approximation of the actual pH
when the amount of weak acid is substantially in excess of the equivalents of strong acid
minus the equivalents of strong base.

30 [0051] In certain preferred embodiments of the present invention, the at least one silica
source is added to the composition as the product of hydrolysis and condensation.
Hydrolysis and condensation of the at least one silica source occurs by adding water and
a catalyst to a solvent and adding the at least one silica source at a time, intermittently or
continuously, and conducting hydrolysis and condensation reactions while stirring the
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t he condensation reactions formng these types of polyners is essentially
irreversible. 5 Thus, non-equilibriumstructures are kinetically stabilized
because bond breakage does not occur and they are unable to re-structure
wi t hout a source of nononer to fill in any of the defects in the polyner
structure. At pAcid values of greater than 7, the hydrolysis of |arger

ol ynmeric species is nearly conpl et De- pql d |
heakly  bFIEIRA ApTeSR e P G ET SEAERIC Sredhih 20 B 100, |
Si nee. thefet 0 16 24 Hlowg ThéQofrippsitign O?]n be raguisted to provide psieeinechsalidtdontent bxrs] _
significant de-polynerjzation, of t net wor t 0 mechani sm
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condensati on. ce the 15 exposure of .siljicon- | Ni rmc to
coats to &ﬁa@a@(éa'aéc%ﬁ QE‘HH'E‘EP?\'i Wg\-c%aélpgtIlqgﬁcfs}n%?%tfl%p%égigg,%%r resul tg in
t he de- polspraginigz 8t otaer lijuid-loesdlio poatir dperations] ubl e  species. In this regard,
t he sol -gel polymer conpositions behave as detailed in Sol-CGel Science:
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ranges fraqom ut t, n certai referre | ; |
val ue my?%ﬁr?gfag\pgﬂﬁqrbfh@lﬁsge? n@g&g&s@aﬁib&g%([ﬂeg%@%gé@ﬁgﬁat %E?%ﬁoégt .
i.e., havi Ks of |ess.than to the. m r : : .d val ue
is 25 int éﬁ% BBSB@ea?ﬁn S{W‘?Fﬁ? 8‘2%‘9 p?%sglﬂgﬂ(}%@ﬁoﬂ h@%@@%ﬁ@%ﬁk@?ﬂ va?ues f or
cErrposi ti Qﬂases:metsaivahisgi.q\@amegaw? msctl(sjy—pmdag:teif ihgdralyisis, andi condensatigedot o
the m xture or ge ated.in . si.tu ydr . . , may
e a poor BT Fberahy brlend fis ithe WHIEhS fienkiG i5be bEAEBIAAE: T
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equi val ent s of stron ase. n.certai nts o
the preserftrtieryeants Bﬁ‘? |stq98c%ﬂ?frqt%gg e%ﬂ?@"%t'iopioi ﬁ‘;e%@i&%rg%nge%ég@ggp get he
corrgosi t It Qébdmf fdt‘tﬁe l@féédldﬁbf f)bh%'rdﬂ '6'|L stednmical g, Clareseserhbardimentsyitie dopy soat agd
condensation qof .the a east one siJigca sayrce cu an
a cat al ystmgigna] '%Eﬂﬁ%&ﬁr UsR @S AfQP ¢gat H?'éﬁe(al éesff"qﬁﬁghés?iyf:eggggd&gjgg%%? a
tine, intapptditemehils tat tHeahateristpaftdrithe spid coatirduprbeess, isyrdady tpdiesusedas
conde ré%at ! aot%prc%gtc iEI Iaogglhsotc\),}{{t}lnclg%pﬂié él}clhna% *or? %xérrl18|e, an immersion lithographic

process, without the need for additional processing such as, for example, a post-apply

bake.

‘ [0055] Top coat material 40, however, optionally may be subjected to a post-apply

bake to remove any solvent from the top coat composition and improve the coherence of

25 the top coat layer. Typical post-apply baking temperature is preferably from about 25 to
about 200°C, more preferably from about 50 to about 200°C, and most preferably from
about 80 to about 150°C. Thus, in one embodiment, the present invention provides a top
coat for use in a lithographic process prepared by: applying a layer of a composition
adjacent to a layer of photoresist, the composition comprising a silicon-containing

30 polymer prepared by sol-gel processing at least one silica source, wherein the layer is
ready for use as a top coat; and optionally subjecting the layer of top coat material to a
temperature of from about 50 to about 200°C, wherein the silicon-containing polymer in
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m xture at a tenperature range generally from-30 to 100C, preferably from
20 to 100C, for O to 24 hours. The conposition can be regul ated to provide
a desired solid content by conducting concentration or dilution with the
solvent in each step of the preparation. [0052] Deposition of top coat
material 40 in accordance with the present invention may 5 be carried out

oxam o d30p aB e el ibae uidSPosihe i A cllepdbicon®iii 7 )

aerosol splutign.ng, or other liquid-to-solid coating operations. [0053] In
preferred enbodi nents of the present invention, deposition of top coat

mat eri al 4@0563 E4BESi2dndafillusirate hopi an articlei10f theopresent inventierefuagtiensitaent |
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I nt endi . . I+ d s | t,
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concent r aiaed/obparticiep ondhe surface of the substratecanserieusly affect the imaging qualisli ng t o
th ti ' | ' | | . ' t
coat i S5t xppie. BULRGR I 08 MEBS fodlR, 1o, bondZBE3E SREBSEBR Ao Ficl3, - 07
"ready f otopisuat amterial 40 geepmang/ bubbles ankifr paftielesdn thei iaimersibn dquid laéleapt an
coat e . e yse OR.C
bhot of vt haBaRAt opt fTdbforr bR 20 Fdsthef et b{\ng putbles anier
Wi tthout ltlpanhmzcbnftbg(i)rgagihgr qoality c?'rm:?mmfdagamwmduaed (forexagmpient! yehalvmg the ]

ost-a ake. Q . i Of may be
Ub] ect o BIES Badbr RaTbee s Phfibl rafy waMBYRRIRbIBRA 7 0%,
conpogbt : tapganlg_thsi antyrmme dohmlmhaaarembodfmerﬂ,a?p lceattroatedalatO is Aydnophillg;pi C?;l

t- aki.n erature is prefer 0 ug. . :

ore oror GAOYT T pBABEARle taing farBh Sl FoBte ToABaft o Pilpl PugRe il
about 80 tas wellicisthelgiiCanylbulbles thatdwefoamipatiofifecds. t he present invention

provides a top coat for use in a lithographic process prepared by:
appl yi ng §0057y ern pfeferrexbembasditmients of ¢y preserit invention, dorecoaiimatenial dbési st, t he

b ocessi navAERBBIGr e Evisgq S aPoe oepiaioen 7D ReSED M FRY eady for tee
as a Rop eerdodingerds,ahé beduntehye ofidtrtair defgctt isach ay,dor exfanipte) watertspotst @ei al to
g | It g gﬁ ? L%}&%{Eﬂ%ﬁﬁ glfebﬁm tfeutf(%ég mtocr)e g#lgiléF'It r%%%gal of water fpor}l Bm% substrate as a
result of its increased hydrophobic nature.
[0058] In certain embodiments of the present invention, it is desired that the top coat
material 40 has a refractive index substantially the same as that of the immersion liquid,
25  perhaps within 0.2 or 0.1 of that of the immersion liquid. In this way, optical effects such
as those resulting from variations in thickness of top coat material 40 can be ignored.
Thus, in an embodiment, top coat material 40 has a refractive index greater than that of
air. In another embodiment, top coat material 40 has a refractive index that is as much
as that of the immersion liquid if not more. In yet another embodiment, top coat material
30 40 has a refractive index in the range of 1 to 1.9.

[0059] In certain embodiments of the present invention, top coat material 40 is much
thicker than the wavelength of the projection beam. A thickness to bubble and/or particle
diameter ratio should be as close as possible to or larger than 10 to 1. The maximum
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-20 the top coat material depol ynerizes upon exposure to an aqueous
base-containing solution. [0056] FIGS. 2 and 3 illustrate how an article
10 of the present invention functions to reduce nano-bubble defects. In
FIG 2, the article 10 is a standard article conprising the 5 elenents of
FIG 1 (mﬁthout the top coat material 40) that is covered at least in

t,
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exanpl e, Ihgardeetoprovide land costeprakipitive.of focus. In contrast, as can be seen
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Teauced o savehra bk AP At En AR ibrond Hieodtafencs i iegRiteler.
r](casulht of In agypicat peﬁmlwm_teot_mbdayem imsubjected foGOBBIperatureaf frammataub 80 IQrenL S
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25 penbap<somipbsition hag berusedl of that of the imrersion liquid. In this way,
optical effects such as those resulting fromvariations in thickness of top
coat mat ef0661]4Anyauithide iepaysdurce Thayshe usedsor thelpodt-apply bakes pExamaplanyat er i al

40 h f ' i nd t.h apy ' ,
Cop coat AP sohices TR R hot ciiuleadh. fHiopiny ra AT RONEE sEERRATET,
i mrer si on partiglescBipartivtes, yways, xdraysy elecmombéam seurcesl ofremergy;teoponianizingrat er i al

30 40 has a,refractive index in.t ra : In
abodi nenradBfor frs Sk Yot G OB, Vst (daote, 7ef) gt ik 56
20 to 10° nm), microwave (> 10°%), and radio-frequency (> 10°) wavelengths of energy; or
compositions thereof. Still further energy sources include thermal energy and plasma

l.

energy. Depending upon the energy source, the exposure step can be conducted under
high pressure, atmospheric, or under a vacuum. The environment can be inert (e.g.,
nitrogen, CO,, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen, air, dilute
25 oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.) or
reducing (dilute or concentrated hydrogen, hydrocarbons (saturated, unsaturated, linear
or branched, aromatics), etc.). The pressure is preferably about 1 Torr to about 1000
Torr, more preferably atmospheric pressure. In other embodiments, vacuum to ambient
pressures are possible for thermal energy sources as well as any other exposure means.

30 [0062] Next, top coat material 40 according to the present invention is applied adjacent
to the photoresist layer, thereby forming a coated substrate. As used in this connection,
the term “adjacent to” includes embodiments such as, for example, that detailed in FIGS.
1 to 3 wherein a protective material is on top of the photoresist layer. Thus, the top coat
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t hi cker than the wavel ength of the projection beam A thickness to bubble
and/or particle dianeter ratio should be as close as possible to or |arger
than 10 to 1. The maxi mum -21 expected bubble and/or particle size is 1 pm
so for best performance the thickness of the top coating 24 should be at
| east 10 pm In an enbodi nent, the thickness may be at |east 20 pmor at

| east 30 pm_and A | t: ] arder to
provi de aﬁsda 188‘?’“3? otﬁ?%%t%f B/QB.'?OE&FS'B%%&F#@(}ﬁ%r& ggsg%%bngf t he Xepnvent i on,
top coat bemeehdhe ) cvayatkbtheqhdtaresist. Thetshbsirate with the teg ceablayerds n on

mat eri al layer L ' el , EytSa
dielectri 88%{)@{'%?“%%@%@% %ﬁ)o&h%r&%g}-gﬁpal e%%%ﬁgﬁgg%gﬁg@g&l}gg? l:ﬁ% tt he t
manuf act ucempésitiorgndienproventhe cohénenegyofthe topctaat layer. dBpicat BoshapPlydakindat ed
chip carrier kage | t %00 ' W ' | i rst
deposi ?edt%ﬂp‘?rﬁ@?%%ﬁ)é%ﬁeéqbwl%&ﬁgggglr’%blg?i’gﬁn rregﬁr?b% %rE or g%‘%”togfgdsi st

| ayer 20 ¢mabdut 2081C:randImdstpreferably fineabou 80 te aboutdpeiC.wi t h t he resi st

| ayer then may be baked (post-apply bake) to renove any solvent fromthe
phot or esi §0063p mhosther preferred! emipodiments [of theqitesent inventior, the photeresist ayer. In

typi cal - | i ' t f f
Sbout 80 CoIPRsBRTIsheRRifen dfie el beP tofi sTholdiedsisfEr 20Tt DL 11O
nm Any smateridl tayee$5 and, viithoubapostiapiplyrbakeytopeoal seaterial d0ds prpligd asditheibl e
sour 40 b PRRT crtforiTi e Bhalorfidt iy 20 Bhd tRALE coseifiBado 1o SUGERKA

such as a-to pposi-apphsbake. particles, y-rays, x-rays, electron beam sources of
energy; a nonionizing radiation source such as ultraviolet (10 to 400 nm,
vi si bl e (4064]0 The@oated, articlé iscthen exX5ed 2020 eppropriate)iradigtionseage, throughs) |

d di o-f > .0f OV b
Cher oot SHTEHERLTRe 1308 SSBHBERL b5 Rent B o radbBRBIGI ED
energy. Depdiatibmgnapothet bmbedigvent; tsimaging ratiatier jsctornm sadigtiopa in peother

d d d iah. . at. LG .

concog e el B RS ST e Yl MAENR M
Kr, Xe), eaixpoded toxsudh imagind mdiation asingémmession lithograpky, Mdhessify g8 timaging
Feduct ng. (RAVTE Bivted 18 PR AR BBk S dRec AP sl inirfmeiber ) Of
unsat ur at efay e osafin actordarcechitidthegreseant inveptionet c. ). The pressure is

preferably about 1 Torr to about 1000 Torr, nore preferably atnospheric
pressure. [0065]t Mite resxbsigp ieoptionaliyea postrexposurbibake to ipswredhatall ofithe sabvest bl e

For thgr maalndearr]E/rg%%eguos%yggrsc‘)dt‘fi1 s SFie xposik 18 fight GrPRRRAEE DURAG the post-
exposure bake, the photoresist and topcoat may be subjected to one or more energy
sources to cure and/or partially cure the photoresist and/or top coat. Exemplary energy
sources may include, but not be limited to, an ionizing radiation source such as a-

particles, B-particles, y-rays, x-rays, electron beam sources of energy; a nonionizing

25 radiation source such as ultraviolet (10 to 400 nm), visible (400 to 750 nm), infrared (750
to 10° nm), microwave (> 10°), and radio-frequency (> 10°) wavelengths of energy; or
compositions thereof. Still further energy sources include thermal energy and plasma
energy. Depending upon the energy source, the exposure step can be conducted under
high pressure, atmospheric, or under a vacuum. The environment can be inert (e.g.,

30 nitrogen, CO,, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen, air, dilute
oxygen environments, enriched oxygen environments, ozone, nitrous oxide, etc.) or
reducing (dilute or concentrated hydrogen, hydrocarbons (saturated, unsaturated, linear
or branched, aromatics), etc.). The pressure is preferably about 1 Torr to about 1000
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30 [0062] Next, top coat material 40 according to the present invention is
applied adjacent to the photoresist |ayer, thereby formng a coated
substrate. As used in this connection, the term "adjacent to" includes
enbodi ments such as, for exanple, that detailed in FIGS. 1 to 3 wherein a
protective material is on top of the photoresist |ayer. Thus, the top coat

V22 b e le eck bRl HBET 7er SHAITHRMOARL® i | oot

Wi th the pogssurestaré pgssible for tigrmabenrdrgy ssurbgseas wdll as)aem@mneexq@@gteraww bake

coner ance TP ermRerkRS fer i bl RyleYost Bl SR, pfO oG BBIA S, e

i s pref er ghibpdinients, aﬁanp%EatUre raapbé ra?ﬁ&ﬁ atrate ipfrefre0.a16 100 degr@imtint 50

t b d f bl b t 150 0063] |
ot) hgr O%r ef BP ?@ﬂﬁé‘?ﬂﬁ'n Brrgﬁ r g’ H%‘ngfar%’ g t’%#'rtﬁgt'\ogﬁaqﬁﬁeefﬁrh%qcor EESI st b
conposi t i embodintks) e xposard |l§eom11'oﬁd aider ay @fert purgeanatmosplegrizr comditibns ayer

20 on the material |a ger 15 and, w t hout 2%%9 agply bake, topcoat
materi al 48ingdhem3) erer &ahtempsrat@reéa ghYREN: néﬂo ing the photoresi st

| ayer 20 and the top coat material 40 is sub ected to %%t apply bake.
[0064] Th&0Q8Skt J&egp@teé|aét'q'%'8ttheh°@t%§%wﬂta AAusQys base INRG adi ati on

source, tlae@alger, sudhddsitefraethyBstimohilmaiyR &mpbe&yumﬁwebmtsodmhe i magi ng
radiation is 193 nm radiation. |In anot her enmbodi nment , (é( in
- depalmenzaiiong

r adi af¥ on hydroxide, oratherchase; thareby frerapving ke top ceatynaterial

radi at i on ahg reifiévdl BF & peitioh| Iof)fhe ﬁ&ﬁarégatlayér%rrﬁmeheo@l)s@omue bsate@sitieed t o
'such imaging radiation using imersion |1th og ge wher ei n an n?&ymg
medi um i s GopfAct with FSVQ'?@’&I&!S&IPW ned gholeregist Ia gmaéeﬂ%%y Su

i magi ng madamples BRiadi€ i'eS AkaliRe é@rﬂ@hﬁx@”éé\/émdeh sélbﬁorm.ﬁae@é thoB¥ Prdvided-in

[ 0065] The next step I S gtlona - ex osure bake to insure that all

of the solerRat N Sé’@éddé @?gﬁﬁﬁ . W end 6l e to ight are
removed. During the st- exposur e bake, the phot oresi st and to co t may be
subj el® ed mmnghsrpaﬁermn@reemoregngmmh%n@u be tenaierpd sathe mateyaldayes | he

phot or esi gh tRé@hdrlyingRsubStPdte. E&ﬁﬂlyafhté tRiNefed Yo ac‘iﬁé%é%? ré&ctive isH étdking Bt  not
be limted to, an ionizing radiation source such as a- particles,

[3-parti ceeme qthqr&wn&tes@weue elhecmethediob the lamnﬂeegn%yrbeewgg? cregite

noni oni zi ?ﬁtt&ﬁe& %Htéﬁdl Weﬁ@tklf&tﬁﬁ Ht%h a”s’smléta‘i Wi Bihes, Holds fbPccHiakts B) viayi si bl e
(400 to 7 infrared (750 to nm, mcrowave, (> 106

radi o- f reweh@g:h ssctipng Ye- ﬂa@éﬁ@ﬁ@&ﬂ‘ﬁs‘r%hé%@rwuo‘ﬁ rtrenefbﬁel%%)l lfﬁ@c"ﬁ?é?"eof
Still 26 ur cheacitBPsinsblure8 BE &3 rhight bEIGsdd R B besigibMdtegrife bRt/ vices.

[0068] The following non-limiting examples are provided to further illustrate the present
invention. Because these examples are provided for illustrative purposes only, the
invention embodied therein should not be limited thereto.

25 EXAMPLES

Example 1

[0069] 13.5g of propylene glycol propyl ether (PGPE or 1-proxy-2-propanol) was added

to 0.96g of Gelest Triethoxysilane (HTES). The mixture was shaken briefly. 0.06g of an

acid/base solution containing 96% 0.1M nitric acid and 4% 0.26M tetramethylammonium
30 hydroxide (TMAH) aqueous solutions were then added and the solution was shaken

briefly to mix. The pAcid of the solution was calculated to be:

gsilica gsolvent G acid gbase kg total [H+] [OH-] pAcid
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energy. Dependi ng upon the energy source, the exposure step can be
conducted under high pressure, atnospheric, or under a vacuum The

envi ronnment can be inert (e.g., 30 nitrogen, C02, noble gases (He, Ar, Ne,
Kr, Xe), etc.), oxidizing (e.g., oxygen, air, dilute oxygen environnents,
enriched oxygen environments, ozone, nitrous oxide, etc.) or reducing
(dilute or ggacent 3y ed Bydio0egionsy doQiaP 8 Godobate” Ghsoogsns ausal ed,

| i near or rancheg, aronatics), etc.). e pressure i's preferably about |
Torr to about 1000 -23 Torr, nore preferably atnospheric pressure. In other

enbodi ”Engo%ggﬁ‘égfs%tr@n b Bbat: PAREP15F Rg{Stﬁre%%z\ﬁ{ag 'ﬁEuﬁ Bhtold'RId M PNer gy

sources a ot her exposure nmea erature for the

exposur e typed-Ord\highaegistivityhwatat. Spirsrgconditionsrab:es. atdfddi RRM: solutiane
tenmperatu : | Syl to 100 deg G mn. 5 The
total tr eglfar';g%% ’Ff@%{@&%?@%%é%{éﬁé‘??fr?rﬁf 8‘?%?1P?nﬂnn to 12 hours. In preferred
enbodigren h i ,%% i Rperic
condi tﬁngﬁ-’agi ﬁag?ﬁ‘eé?rgaq?u@ﬁer gy a E@%%g?g{%@ss tﬁ%ﬁ \%%Qﬁé'gg tlg%]p Zt%%ﬁh

[ 0066] ThéingdaR ediokthe isolution was appliedda thecwafgr diring the dispeasriseament. €884 ai ni ng

devel oper egwgﬂa' i 9BAG RPMN RS de,
sodi um ﬁt%ﬁ?ﬁ%@?ﬁf@?%%ﬁ?g%&h ase?wtgﬁ]ggdeﬁpgg%%idgg téﬂe top coat materi al
by depol ywes calsinedat 43%f G fordwain. asta hotqlatei on of t he photoresist |ayer

sinmul taneously fromthe coated article. Contact with devel oper forns a

pat t er ned[Q9d@] oiTbe waferiwasethen placedonthesspinger chyek: 1 niof OpsyieldDY ahetoeesiss f

i Aerdbic it | : ey
provi oo Beveiel MRl 7l o SEHE RG] S IAISHERNEREFE 1. and
6, 120, 978comBefaldly Fvaltanie framtAir Rroducts laad Shemicals ilne.. Allgpeawn, ireanaxyania
transferr gfe{erl Pnﬁrﬁlﬁ%,i'}g% gg&%}&fér%%rspuﬂ %ﬁgﬂée .C’%ﬂ?bb KPMWtheneldeat &t 18boPi cal 1y,

the transter 1s ac reactrve | e ng or some ot her etching

t echni queRPWMe Dusing diie 300 RRMi segment, the wafer wes speyed with racsnall graewnt ohed

mat eri al hé’i?ﬁﬁ"n?eéWaké?t“res such as netal wiring lines, holes for contacts or
vias, insulatron sections (e.g., damascene trenches or shallow trench

he abb gfooel FTRBER orte it GGG Rt Wi Sicck! il bR, /r T ng

exanpl es aolgblpimaqueniistbase mixtees. i | | ustrate the present invention. Because
t hese exanples are provided for illustrative purposes only, the invention
enbodi ed therein should not be [imted thereto. 25 EXAMPLES Exanple 1
Table 1:
Top Coat
Layer (after
Resist developing)
Layer Top Coat
Thickness | Refractive | Thickness | Porosity Thickness
(nm) Index (nm) (nm)
206.2 1.5262 46.71 3.3 0

20 Examples2and 3
[0074] PGPE solution: 0.96g of Aldrich triethoxysilane (HTES) was placed in a 1 oz.
polyethylene bottle. 13.5g of Schumacher propylene glycol propyl ether (PGPE or 1-
proxy-2-propanol) was added and the mixture was shaken briefly. 0.30g 0.01M maleic
acid solution was added and the mixture was again shaken briefly to mix.
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[ 0069] 13.5g of propylene glycol propyl ether (PGPE or 1-proxy-2-propanol)
was added to 0.96g of Gelest Triethoxysilane (HTES). The m xture was
shaken briefly. 0.06g of an acid/ base solution containing 96%0.1 Mnitric
acid and 4% 0. 26M t et r anet hyl ammoni um 30 hydr oxi de (TMAH) aqueous sol utions
were then added and the solution was shaken briefly to m x. The pAcid of

t he sol utj _ ; WA \ kg
oral [ Ol -t Sbfr; 385 ot ucion s Bn RO TPTES) 3 Pistsd 378 172

0. 000000622 Wlyethyldéredile. B3tSgmhdistilled 1-pentanpl wassaddett ane tigmixturepyast or esi st
was spun : - 2l t A ' h AT N
condi ti ongﬁé%gaosréﬁg gfgbg%gb&@l’dlalggﬁagﬁ %Hrﬁltb@ﬁ%a}géeqﬂ?a%rﬁé%@L%\%v%srsg%\gg °
cal ci ned ahakepsimeflyto mixyiThe pAdidofboth soletiarsm@sualeuiatethtoRes anbi ent aged for
6 days then spun onto the photoresist film 1.2 ml of the solution was
appl i ed t ogtstiea wafselventur iGrgid heg bassperigdotelegnett*] 7 sedOHlat FAGIRPM After
di spense, t0@6wafetd.;as sPBn for N0 sdDN14E DEWORPM THe waf eB-69%was

calcin®d at 135C for 1 min. on a hot plate. [0072] The wafer was then

placed on the spinner chuck. 1 nl of OptiyieldTM photoresist 10 devel oper
was puddl §076h Botomdiimder top coate TARF&RE11bphpioresisi was sy optesa 100 BV B oper

is cometqi.ad ' o &r i & PL: . i .
Al | ent own Wﬁgﬁg?yﬁlﬁﬁsg’mﬁyéltﬁfé? %uﬁrﬂrﬁ’% E ﬂgﬂg'(e?/ei obef%m%)sRﬂ;gEﬁelg??‘n (7
sec. at 50baEP2 mhethesgafeewas aalcingdet 13Qfor bmin.ng t he 1800 RPM segnent ,

the wafer was sprayed with a snmall anount of deionized water. 15 [0073]
Tabl e 1 sHRAT]t The HTGS solutians|weaie ambient pgest for Ridays thencspyn Opt 2PRPAES|SH| yrer

s s@hub [ ] : i

Rosi o0 defii, L2 HE sl WBSBpHiES 1o R Nefer GurpBnd ih 7 perBE SOPRERD. . |
Thi ckness Aftendigpenseethe(wafpr wasigpunfos3 sac. s $5001BPI Theawafer was exlginpd ak 2
and 3 135°C for 1 min. on a hot plate.

[0078] The wafers were then placed on the spinner chuck. 5 ml of Optiyield™
photoresist developer was puddied in the center of each wafer. After 1 min. the

15 developer was spun off (35 sec. at 3500 RPM). During the spin, the wafer was sprayed
with a small amount of deionized water.

[0079] From the results listed in Table 2, it can be seen that changing solvents does

not affect solubility of the coating in aqueous base mixtures. Changing solvent, however,

may have other effects such as, for example, solubilization at the interface of the resist.
20 Hence, solvents with low resist solubility should be better suited for use in the top coat

composition according to the present invention.

Table 2:
Top Coat
After Contact
with
Solvent Photoresist Top coat Developer
Thickness Thickness
(um) (um) Thickness (um)
PGPE 0.2527 0.0354 0
0.2526 0.0356
0.2526 0.0353 0
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[0074] PGPE solution: 0.96g of Aldrich triethoxysilane (HTES) was placed in
a 1l oz. polyethylene bottle. 13.5g of Schumacher propylene glycol propyl

et her (PGPE or 1- proxy-2-propanol) was added and the m xture was shaken
briefly. 0.30g 0.01 Mnaleic acid solution was added and the m xture was
agai n shaken brlefly to mx. -25 [0075] 1 Pent anol sol ution: 0.96g of

Al drich tgie IallT‘%ﬁFES)_Waa f 543% [ potyethytene bottie
13.5g of dis v%f?\% 1- pe'rzl ano| was dd&{?@n t(r?posm xtire was |[shaken
briefly. 0.30g of (.01 Mnmalpic acid sol utijon was adged. The|[m xture wa

agai n  shakeipSoE Y bosdd X| T1he pAci d of [Dot .08¢7 uf1ons was calcwl atefl o
be: g siljca—g-soly 0 g base kg-totlal r|_L|.1r3_51 sAcild—6-96—13

v

an

TPl

0.3 0 0.01476 0.00000398%% 60 5 [0076] Bot|t o130 {or top ¢oat:

TARF- P61111 phot or e4i st o@8s spun onfo a 100 mﬂ P.0298/pe 1-0-0 high O

resi stivi py—st—pafer—Spepntnog—congtt 25 3566 Rﬁiﬁv‘; sotutT o
charge-2 i .Kﬁé& 1fer°’\%g%5calci ne Méhi%g for ?93311 [0077) The HTES
sol utions were anbi ent aged for 2 days then spun onto a photoresist 10
film 1.2 t he solution was applied to the wafer during the spin (7
sec. at 5 . After dispense, the wafer was spun for 35 sec. at 1500

RPM The {0086} WaSgekSchursacher prapyieaeighycotiprapyl ethen (%Gﬁstorﬂrmpéy-Zi 0078] The
f

bhot or e, 2oPaRGLE: 36664 360.086 of BeltPriphRifElane (FES), IREMKLRE SRl |

the 1% desmmpehﬂeﬂmso 8pgof dﬂwmg%watecwaatadwl)mﬂhmsolbmm wag shakersbiiafly t he

vaf er wasSQLayeh QX&%{: i gxe?rﬁﬁlb LUy tgﬁat C &%u?é@‘imsracd[@&?&d gﬁrom the

results listéd in e seen angl ng so vent s not

affect so LdUngi/ The ﬂfnttlﬁe %sqﬂ@ﬁ H%ged af‘%WéteP Eélg Sf&J %ﬁg\%ﬁrﬁatﬁg‘ﬁnﬁéﬂg

sol vent, ave O ects suc exa

sol ubi 1 2fydagn gsuz,@ 1‘@5 b B8t PAREI 145 Bhsloresh wHE4pin ol 4 S0Ufm 1 | ow

resist so sui t ed use i n coat
conposi ti wede@-ﬁﬁmm@smwty@ wafers Spinriing conditions: 283802 ab35 Moselutions t er

Cont atd W\érBe—Z ml. The wafer was calcined at 135°C for 1 min.

[0083] The HTES solution was ambient aged for 2 days then spun onto the photoresist
film. 1.2 ml of the solution was applied to the wafer at the beginning of a 25 sec. at 3500
RPM spin. The wafer was then calcined at 135°C for 1 min. on a hot plate.

[0084] The wafer was then placed on the spinner chuck. 1 mi of Optiyield™

15  photoresist developer was puddled in the center of the wafer. After 1 min., the developer
was spun off (7 sec. at 500 RPM, then 40 sec. at 1800 RPM). During the 1800 RPM
segment, the wafer was sprayed with a small amount of deionized water.

[0085] From the results depicted in Table 3, it can be seen that the presence of a
catalyst is not necessary for the function of the top coat.

20 Table 3:
Photo resist layer | Top coat Top coat (after
developer)
Thickness | Refractive | Thickness | Thickness | Error
(nm) Index (nm) (nm)
200.07 1.5267 50.87 0.04 0.25
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Sol vent Photoresi st Top coat Devel oper Thickness Thickness (Un) (Un)
Thi ckness (urn) 0.2527 0.0354 0 0.2526 0.0356 0 0.2526 0.0353 0 -26
Aver age 0.2526 Average 0.035433 1-PenCH 0.2544 0.0317 0 0.2541 0.0313 0
0.255 0.0298 0 Average 0.2545 Average 0.030933 Exanple 4 [0080] 13.5g of
Schumacher propyl ene glycol propyl ether (PGPE or 1-proxy-2- propanol) was
added to % e%f Cel est triethoxysilane (HTES). The m xture was 5 shaken
briefly. g?%ﬁgrof dei oni zed wat er was added and the sol ution was shaken
briefly {0986] x270ySchumadherfprépyianel glycod! prapylathartBGPErHeprpxyr2ipsepansd no

appr oxi o e ghdge o0} 72 o Nty Biare (RER) TP solich wal il Shaket " "

phot or esi 8106g@f 0HpMcitvictagidsoltiomwae added and siakenio giix.r Nexts0i2490) Si waf er.
Spi nni Lid : ) ' wwl = . Th
219 G G 8081 4RI St s ok The

aged for Soldtigrewashealcdated tobeo t he photoresist film 1.2 nl of the
solution was applied to the wafer at the beginning of a 25 sec. at 3500
RPM spi n. Tisiéicavaf @solvent tdanid cab baseed gawatdr35Ckg otal 1 i fH+lon a [Abit] pl pAcid

[ 0084] The w&Rer wa27 t hen0@baced ®n t he Ospi nn&0289Buck0.000088 of @pti yidSIT""
15 phot oresi st devel oper was puddled in the center of the wafer. After 1
mn., the devel oper was spun off (7 sec. at 500 RPM then 40 sec. at 1800
RPM . Dur [00871 hBottgodilrRifan to eoate FARF {R6d 1huphetoragist wap sayre antgia H0MmH| |
amount of 1400 Fiy, & ] &k 0F I epd ' 3,
an be scliSop tih By siatia Soiifd AdSRE Aeditlt SRR, SN,
functi®n ofiargé@ mio Fheovafer @as daltined at 13%56tfor T en.st | ayer Top coat Top coat
(after

it

[0088] The HTES solutions were ambient aged for 2 days then spun onto a photoresist
film. 1.2 ml of the solution was applied to the wafer during the dispense segment, 7 sec.
at 500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM.

[0089] The wafer was split in half. One half, 5-A-1, was not calcined or heated in any
15  way; the other half, 5-A-2, was calcined at 90°C for 1 min. on a hot plate. Both halves
were immersed in deionized water for 30 sec. The films were allowed to air dry.

[0090] Another wafer, 5-B, was calcined at 135°C for 1 min. on a hot plate. The wafer
was then placed on the spinner chuck. 1 ml of Optiyield™ photoresist developer was
puddled in the center of the wafer. After 1 min., the developer was spun off (35 sec. at

20 3500 RPM). The wafer was sprayed with a small amount of deionized water during the
spin.

[0091] From the results listed in Table 4, it can be seen that soft bakes are not
necessary to achieve good water stability and to maintain solubility in aqueous base

mixtures.
25 Table 4:
Photo Resist Layer | Top Coat Top Coat (water
immersions)
Thickness Ref. Thickness Ref. Thickness
nm index nm index nm
5-A-1 amb. 205.20 1.5267 62.0 1.4443 49.84
Water
5-A-2 90°C 205.20 1.5267 45.45 1.425 51.69
Water
5-B base 227.12 1.5267 54.64 1.4326 0
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devel oper) Thickness Refractive Thi ckness Thi ckness Error (nm Index (nm
(nm 200.07 1.5267 50.87 0.04 0.25 -27 Exanple 5 [0086] 27.(Qg Schunacher
propyl ene gl ycol propyl ether (PGPE or 1-proxy-2-propanol) was added to
1.92g of Aldrich Triethoxysilane (HTES). The solution was briefly shaken.
0.06g of 0.05Mcitric acid solution was added and shaken to m x. Next,

0. 24g of 'i;i":i waterTwas—atgded—and e—sgrutT o wa ken to m Xx.
The pAci d—of—the——sotution was catcutatedto ber—g-sitica g solvent g acid
G base g water kg total [H+] [OH] pAcid 1.92 27 0.06 0 O 0.02898 0.000003
0 3.98 |[Ezample®ottom filmfor top coat: TARF-P61 11 photoresist was spun

onto a 10 | ISk ' I Polelh ndi tions:
25 sec. afdﬁgggo%pgﬂo@gpg??%r%? pﬁ@'(:eﬁgrgygb ?Z’prﬁkyl‘@ﬁ]ez (l\;/,\gf grd_?a/a‘gg)((:%_ci ned at
135C for prapanocl) Mesadiledrtoct . OAESS tiethaxysiiane (MIES)andites solulipruwasbrieflydays t hen

spun to 0 ' i ' m to the
waf er Oet)(;ur Isﬁagk%,'{ﬂ hté)%ﬁdﬁ?nos%‘ﬁ gltltar{g;erraecr]ﬁ ’golf;aosn Ceuéa.'é gﬁeﬁ%éttéﬁﬁﬁl% ‘ggé)g'il' spense, the
waf er was skaken t6 onix.38exte@.24g of d&ionizedivatel 0as apdathte the mixturgandshArap ofn hal f .

One hal f, ,5u | W ; er half,
S 2w RePE et 2oy tEarRg Ry e Rydrap oluton W apd et BV C

i mersed solutien was skhakendo onix.f Bhe picid of theolutipn wWas calsulated todged to air dry.
[ 0090] Another wafer, 5-B, was calcined at 135C for 1 min. on a hot plate.
The waf er gwiisa t lgsalveitac &choisn t bbasepi rgwaterchukgtotal ni  dH+Dpt i yiOEHd TnpAcid
phot or esi st devel oper was uddled in the center of the wafer.2@fter 1
nmin., the d&92l oper7was sPO® of f09B5 sek24 at 26298800 RORYCO3The Waf er 4B%s
sprayed with a small anmount of deionized water during the spin. [0091]
Fromthe results listed in Table 4, it can be seen ﬁ hat gft bakes are not
neces3@r y [9893% Afterambisptiaging everaighhthe sajutiongelied.Eims spyid 88§ BRI 1ty i n
aqueous bapRessBddry fafther2 Actaiiryly} thi€BRirApIBaRsFatet Bk broeBsifg af théagp Coat

(wat er

coat mixture is important to preparing a viable mixture.

Example 7
[0094] 13.5g of Schumacher Propylene glycol propyl ether (PGPE or 1-proxy-2-

15  propanol) was added to 0.96g of Aldrich Triethoxysilane (HTES). The solution was
briefly shaken and 0.30g of 0.01M maleic acid solution was added. The pAcid of the
solution was calculated to be:

gsilica gsolvent gacid gbase gwater kg total [H+] [OH-] pAcid
0.96 13.5 0.3 0 0 0.01476 0.000003 0 3.69

[0095] Bottom film for top coat: TARF-P6111 photoresist was spun onto a 2-1-000mm P
20 type 1-0-0 high resistivity Si wafer. Spinning conditions: 25 sec. at 3500 RPM, solution
charge-2 ml. The wafer was calcined at 135°C for 1 min.

[0096] The HTES solutions were ambient aged for 1 day then spun onto the

photoresist film. 1.2 ml of the solution was applied to the wafer during the dispense

segment, 7 sec. at 500 RPM. After dispense, the wafer was spun for 35 sec. at 1500
25 RPM.

[0097] The wafer was split in half. One half, 7-A-1 was not calcined or heated in any
way; the other half, 7-A-2, was calcined at 90°C for 1 min. Both were immersed in
deionized water for 30 sec. The films were allowed to air dry.

-29-




| mersi ons Thi ckness Ref. Thickness Ref. Thickness nmindex nmindex nm
5-A-1 anb. 205.20 1.5267 62.0 1.4443 49.84 Water 5-A-2 90C 205.20 1.5267
45.45 1.425 51.69 Water 5-B base 227.12 1.5267 54.64 1.4326 0 -28 inm
Exanpl e 6 [0092] 27.Qg of Schumacher propyl ene glycol propyl ether (PGPE or
1- proxy-2- propanol) was added to 1.92g of triethoxysilane (HTES) and the

dded analTReY . ARGIEralelo P et PoCBa L %°§§%§H'Lg‘ﬁaa’*%a}9' She B 2ea

wat er was wae dissh placedhen thiexspinner ehu:l:k:L 1dnicyf Qptiyield ™ photpragist gave QRAY mS

tetranmeth I tshaken
to m x. ﬁé@%ﬁ‘d‘“gfg %{%(Fa&s(thg%f |%nlAvtf\;§g? 'ch"l%%gg"’f’ %-hﬁ%s: §ﬂl fﬂé@a soI vent
G acid g Ba8@REM)aflee Waj)envm%pr@yed]w1{fﬂ-lsmaﬂ)ambdntcz.delenizsdwtwlmng@ﬂ) 01
0.24 Og OZQéﬁ 0. 000003 06 4.86 10 [0093] After anbient aging overnight, the
solution gelled. Filnms could not be processed any further. Accordingly,

! 2{)3 e ﬁmo%syr gﬂpig trrésﬁ}étg TsHH TREQ! %est?\ﬁbvqgat%&ulﬁgg é@%mg%jdsf%ﬁgé’ V&iidty of
Schumac he pK2values arecacdeptable for ugs/in ascordan¢eP@tEtherpresent orypositiars. p'lfhﬁpan ol)

briefly sFeminaRaguoet M prGogte finat dniosdibael mabnol B8 rsesarghfle TE2
pAci d of mamtalsovaiensjablmandablubihtytuedqﬂenusévasg myxturesa g solvent g acid g

base g water kg total [H+] [OH] pAcid 0.96 13.5 0.3 0 0 0.01476 0.000003
0 3.6% [0'65[‘9]5 Bottomf| I mfor top coat TARF- P61 11 photore5| st was spun

onto a 21666 SrSstvity ——Spi nni ng
conditions: 25 seg¢. p“?tb%%t?—%\/l soﬂ%u% or (;r;i\g?ﬂs)
Thickness Ref. Thickness Ref. Thickness
nm index nm index nm

7-A-1 22414 1.5267 50.4 1.4246 46.38

amb. Water

7-A-2 90°C 224 .14 1.56267 48.48 1.4421 45.03

Water

7-B base 234.43 1.5267 44.87 1.4151 0

imm.

Example 8

[00100] 13.5g of propylene glycol propyl ether (PGPE or 1-proxy-2-propanol) was added
to 0.969 of triethoxysilane (HTES) and the solution was briefly shaken. 0.30g of 0.001M

15  maleic acid solution was added and the solution was again shaken. The pAcid of the
solution was calculated to be:

gsilica gsolvent gacid gbase gwater kg total [H4] [OH-] pAcid
0.96 13.5 0.3 0 0 0.01476  0.0000003 0 4.69

[00101] Bottom film for top coat: TARF-P6111 photoresist was spun onto a 100mm P
type 1-0-0 high resistivity Si wafer. Spinning conditions: 25 sec. at 3500 RPM, solution
20 charge-2 ml. The wafer was calcined at 135°C for 1 min.

[00102] The HTES solutions were ambient aged for 1 day then spun onto 2 photoresist
film. 1.2 ml of the solution was applied to the wafer during the dispense segment, 7 sec.
at 500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM.
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charge-2 m. The wafer was calcined at 135C for 1 mn. [0096] The HTES

sol utions were anbient aged for 1 day then spun onto the photoresist film
1.2 m of the solution was applied to the wafer during the di spense
segnent, 7 sec. at 500 RPM After dispense, the wafer was spun for 35 sec.
at 1500 25 RPM [0097] The wafer was split in half. One half, 7-A-1 was

o0 for 11571930 ABERVATE s IR o Yt BiAFY o]t shicfiedos BBIGE BYT,

wer e al | oway; the other haify8-A-2, vdsCi2ffijedfat ®OPE forviarhipr ,Both Berenaynersédimed at
135C f 1N, h | ate. Th f I d th [
chuck. 1 AR Brip Rt iePds mefe HianstBa " puddi ed i n the center
f th fer.. Aft 1.mn.. the.d I 5 500
reny | The 10004f Aninet wBidhsips fed S 13BTC YT ol o iRunEh wag P

the 55spitimen plaGOIn theespinperthuckl 1 atl efiOptiyidldP ghdiorebistdeavielopenwas pptdied

carboxylic_ acids, w a vari of. pKa, val C e .f use in
accor dancd” %etqqn{qgé E\ee aéﬁrt‘ %&%ﬂdﬁ'f‘t fﬁ&gg_vgl?ﬁgrsw%%ﬁ t%@#ggk'sﬂggggt t hat
pr e- bake @&®PNpostheangfeswas sfrajedwiting snetl dnwuntofdeianized watendiringzhe spiat er

stability and solubility in agqueous base m xtures. 10 Table 5: Photoresi st
Layer Top [t5] Tiwe résults listedrieTablefssuggasts ithed sty Weying e edngentsatiqafof

vat or 7- nIasEE . e G5 il tpnds B boapntdns orie fuapdnfindesl Gg)® 2™
1.5261044. 87 1.4151 0 imm Exanple 8 [00100] 13.5g of propylene glycol
propyl “ether (PGPE or 1-proxy-2-propanol) was added to 0.96g of

tri et hoxySiabken®& (HTES) and the solution was briefly shaken. 0.30g of 0.001
M

Photo Resist Layer | Top Coat Top Coat
(immersions)
Thickness Ref. Thickness Ref. Thickness
(nm) index (nm) index (nm)

8-A-1 amb. 226.71 1.5267 58.7 1.4336 54.13

Water

8-A-2 90°C 226.71 1.5267 53.7 1.4288 53.29

Water

8-B base 228.26 1.5267 53.77 1.4321 0

imm.

Example 9:

[00106] 1.23 g of tetramethoxysilane (TMOS) was combined with 0.695 g of purified

15  methyltriacetoxysilane (MTAS) in a 1 oz polyethylene bottle. 27.0g of propylene glycol
propyl ether (PGPE or 1-proxy-2-propanol) was added and the solution was briefly
shaken. 1.25g of an acid/base solution containing 96% 0.1M nitric acid and 4% 0.26M
tetramethylammonium hydroxide aqueous solutions were added. The solution was
shaken briefly to mix. The pAcid of the solution was calculated to be:

gsiica gsolvent gacid gbase gwater kg total [H+] [OH-]  pAcid
1.3E-

1.925 27 1.2 0.05 0 0.030175 0.00012 05 2.45
20

[00107] After ambient aging overnight, the solution was spun onto 4 P-type 1-0-0 Si
wafers. Spinning conditions: 7 sec. at 500 RPM then 40 sec. at 1800 RPM, during
dispense (500 RPM step), 1.2ml was applied to the wafer.
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15 mal eic acid solution was added and the sol ution was agai n shaken. The
pAcid of the “solution was calculated to be: g silica g solvent g acid g
base g water kg total [H+] [OH] pAcid 0.96 13.5 0.3 0 0 0.01476 0.0000003
0 4.69 [00101] Bottomfilmfor top coat: TARF-P61 11 photoresist was spun
onto a 100mm P type 1-0-0 high resistivity Si wafer. Spinning conditions:

25 sec. qution 20 .ch ed at
135C for imﬁ?ﬂ?ﬁpy frsm%reﬁ?i?@eg(ﬁt q%ﬁeﬁént&%ip%e |en¥e I:Iage(squ; f{}day t hen
spun ont 0120108-BY, 430%C (9-C), land 1207C (8-Dpf Tabhe 7 dists dibeé fiim mpemp@bf&bhto t he
waf er during the dispense segnent, 7 sec. at 500 RPM After dispense, the
waf er was spun for 35 sec. at 1500 RPM -30 [00103] The wafer was split in
hal f. One hal f, 8zA: was not calcined or heated in any way; the other
hal f, 8-A-2, was c8P&i Hed at 90C for 1 min. Both were imersed in

dei oni zed water for 30 sec. ThEhickhess wgr Rehl | owed to air dry. [00104]

Anot her wafer wasjcabamplked a{ 13amhYor 1 imdex ¢n a hot plate. The wafer was
5 then placed on fhe gpAnner |chus&g90 1 nj 104610pYi yi el dTm phot or esi st

devel oper was pudgled-—tinthe—eceprer—ofithewafler. After 1 mn. the

devel oper was spun off9 35 séc ‘yg%SOO 1M The wafer was sprayed with a
smal | amount of de¢rongzed wafer 4ufong tiReeapi n. [ 00105] The results

listed in Table 6 sts that by varwing the concentration of
carboxylic acid, th s'%ful pH r‘!aqié% for 1c"83r?'805itions of the present
i nventgon is large. 10 Table 6. Photo Resist Layer Top Coat Top Coat

I mrer si ons__ Thi ckness Ref. Thickness Ref. Thickness (nm i ndex rrE I ndex

(nm) 8- Al60199) Thewafers were spiit infg halves.,Q9g helf of gach ygs:ymraerae "!a‘&%e 26.71

1. 5267 53The birk? PBives wibe inhiéRkd fir (B26RTptiy it ™ Phbtoredist dedeléperlfod $@h. 0 i nm
Films were not removed in either. This was a visual observation only. Accordingly, this
example illustrates that if the film does not include Si-H bonds or Si-OH bonds, the

10  depolymerization in aqueous basic developer is slow, yet the water stability is good.

Examples 10-22
[00110] In these experiments, the dissolution rates of HTES/PGPE films were measured

as a function of acid catalyst.

15 [00111] 30% acid/base solution: 0.96g of HTES and 13.5g of PGPE were added to a
bottle. The mixture was shaken for several minutes prior to the addition of 0.188g of
96% 0.1 M HNO; / 4% 0.25 M TMAH solution. The mixture was again shaken for
several minutes to obtain a homogeneous solution. The solutions were allowed to age
under ambient conditions prior to testing.

20 [00112] 10% acid/base solution: 0.96g of HTES and 13.5g of PGPE were added to a
bottle. The mixture was shaken for several minutes prior to the addition of 0.06g of 96%
0.1 M HNO; / 4% 0.25 M TMAH solution. The mixture was again shaken for several
minutes to obtain a homogeneous solution. The solutions were allowed to age under
ambient conditions prior to testing.

25
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Exanpl e 9: [00106] 1.23 g of tetranethoxysilane (TMOS) was conbined with
0.695 g of purified 15 nethyltriacetoxysilane (MIAS) in a 1 oz

pol yet hyl ene bottle. 27.0Qg of propylene glycol propyl ether (PGPE or

1- proxy-2-propanol ) was added and the solution was briefly shaken. 1.25g
of an aci d/base solution containing 96%0.1 Mnitric acid and 4% 0. 26M

o TR o ?b'%’.é’gﬂﬂﬁ%ﬂ!%%‘@ ﬁ;&@ﬁb@@?wﬁ&wm 3 Ut on

was shaken b
g silica g g
1.925 27 1.2
agi ng over ni g . RS o SN0 G e 0
Spi nni ng condi ti®ns] 0A9%gec. at POOTMRM t hen #88.6ec.| at 1800 .
di spense (500 RPM st apid/bate2nl was appliefd to the wafer. -31 [[00108] The 4
waf ers were|cal ci nedseltn @08k)f f ey ent tenpefatures fgr I mn. 90C (9-4),

100C (9-B), (1104 (9{0oegand 120C ($MBH Thble127 |igts t6S fil %7 pAbperti es
of each. Table 7: Thcidkaees Ref. Sanple|(nm) indgx 9-A 48.90 1.4610 9-B
47.30 1.4610 9-C 47sdfh 109910 | 9-D 46.50{ 1. 4610 5§ [00109] The wafers were
split into halves. Qomdgal T of eaptylen™i merged i wat4i7. The 206 her

hal ves wer e |i mrer sed geid/basd6M ot i ygel dTm phot or esi|st devel opg¢r for {1 m n.
Filnms were not renoyed'd (ro9d)t hef. This wap a visual| observati ¢n only.
Accordingly, T3 ¢paegl € 11T usigpiyed™hpt 105t he [T 11 m@4dpes noB.46n¢l ude
Si -H bonds qr Si-COH Egﬁ%set he 10 depol yneri zation |i n aqueous |[basic
devel oper ig slow, yebrdQewytef stability is good.| Exanples 10-22([00110]
In these experiqgnt $0.44gc dissofutiwp rat pS OofadHTEY PGPEF T [ g vgeg e
neasur ed acid/base
sol'n (70%)
15 0.06g w2 311 5 3.45
acid/base
sol'n (10%)
16 0.1 M maleic Optiyield™ 72 0.5 2.69
acid CcD
17 0.1 M maleic Water 172 0 2.69
acid
18 0.01 M maleic | Optiyield™ 188 90 3.69
acid CD
19 0.01 M maleic Water 80 0 3.69
acid
20 0.36g citric TMAH 168 13.6 292
acid
21 0.24g citric TMAH 128 69.1 3.09
acid
22 0.12g citric TMAH 103 24.9 3.39
acid

Acid/base solution = 96% 0.1 M HNO; / 4% 0.25 M TMAH

Example 23
5 [00113] Useful solvents for the silicon containing topcoat include alcohols, glycols, glycol

ethers, glycol ether acetates, esters, ketones; the solvent preferably solubulizes all
components of the film forming mixture including the silicon containing precursors,
solvent, water, polymers, and catalysts; the solvent preferably does not dissolve or swell
the photoresist; the solvent preferably does not deactivate the photoresist; the solvent
10  preferably has the right physical properties, i.e., surface tension, boiling point,
evaporation rate, viscosity, to insure that the top coat mixture wets and adheres to all
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as a function of acid catalyst. 15 [00111] 30% aci d/ base sol ution: 0.96g of
HTES and 13.5g of PGPE were added to a bottle. The m xture was shaken for
several mnutes prior to the addition of 0.188g of 96% 0.1 M HNOG3 4% 0. 25
M TMAH sol ution. The m xture was again shaken for several mnutes to
obtain a honogeneous solution. The solutions were allowed to age under

anbient c . on:

0. 065 o HHEces RiPhehl k8bivp PighBalrdfh nip, RIS Lo EF POME A1 POMEA 0L
shaken f owhicb\aee a¢lventsnﬂta4aarqocormnomly) usérbingbiel manufactiring obplapteresisbos 0.1 M
HNG3 4% O er al

i nut oo ¢ BRI e Bl ol sBlEhicr o SoRSpbaROR Aol Mt BRYCLC | age
under anBissoive therphotadresist. pri or to testing. 25 -32 Table 8: D| ssol ution

Rat es of HTES/ PGPE and Various Acid Catalysts 10 0.198 TMAH 88.6 1.6 2.95
aci d/ Kase sol'n (30% 11 0.06g TMAH 127 6.5 3.45 acid/base sol'n (10% 12
0.44g Optiyi elg %’ .96 4.7 2.6 acid/base CD sol'n (70% 13 0. 06g

Opt iyieldTM 9 3.45 acid/ base CD sol'n 449 \W 149 6

239.87 1.5260 | 0. 34 247.99 1.5238 | 0.30

239.18 239.63 | 1.5254 | 0.32 245.73 246.98 | 1.5238 | 0.30 | 7.34
PGMEA 239.04 1.5258 | 0.30 233.96 1.5283 | 0.24
239.79 1.5257 | 0.31 233.03 1.5286 | 0.24

239.49 239.44 | 1.5258 [ 0.30 233.59 233.53 | 1.5285 | 0.25 | -5.91
1-pentanol 238.22 1.5265 | 0.32 235.65 1.5275 | 0.25
238.05 1.5268 | 0.33 237.36 1.6271 | 0.25

237.45 237.91 | 1.5263 | 0.32 237.06 236.69 | 1.5273 | 0.26 | -1.22
EtOH 237.66 1.5266 | 0.34 235.60 1.6277 | 0.25
238.51 1.5261 | 0.35 236.22 1.5277 | 0.25

238.40 238.19 [ 1.5258 | 0.35 236.59 236.14 | 1.5277 | 0.25 | -2.05

4-methyl-2-

pentanol 24712 1.5260 | 0.35 243.55 1.5260 | 0.27
245.18 1.5254 | 0.35 250.57 1.56254 | 0.28

245.11 245.80 | 1.5264 | 0.35 238.53 244.22 | 1.5267 | 0.25 | -1.59
n-propanol 239.156 1.5263 | 0.30 237.76 1.5264 | 0.24
238.54 1.5270 | 0.33 236.82 1.5276 | 0.24

239.33 239.01 | 1.5266 | 0.35 236.91 237.16 | 1.5274 | 0.25 | -1.84
PGME 243.50 1.5257 | 0.34 229.83 1.5308 | 0.24
243.20 1.5271 | 0.36 233.02 1.5304 | 0.25

250.97 245.89 | 1.5256 | 0.37 231.83 231.56 [ 1.5336 | 0.27 | 14.33
1-butanol 243.72 1.5254 | 0.35 242.19 1.6255 | 0.27
243.83 1.6252 | 0.37 241.63 1.5247 | 0.25

243.41 243.65 | 1.5251 | 0.37 246.02 243.28 | 1.5254 | 0.28 | -0.37

PGPE = propylene glycol propyl ether
PGMEA = propylene glycol methyl ether acetate
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16 0.1 Mmaleic Optiyield T'" 72 0.5 2.69 acid CD 17 0.1 Mnualeic Water
172 0 2.69 acid 18 0.01 Mnualeic Optiyield TM 188 90 3.69 acid CD 19 0.01
Mnaleic Water 80 0 3.69 acid 20 0.36g citric TMAH 168 13.6 2.92 acid 21
0.24g citric TMAH 128 69.1 3.09 acid 22 0.128 citric TMAH 103 24.9 3. 39
acid Acid/base solution = 96% 0.1 MHNG3 / 4%0.25 M TMAH Exanple 23 5

[00113] Us | s{ol vents for the silicon containing topcoat include
al cohol s, é‘g? réa,"°|gl col e‘tﬂpers gl ycol ether acetates, esters, ketones;
t he sol vent > pr éPEPY P%//%‘Eﬂ mehvieNel 211 conponents of the film forning

m xture including the silicon containing precursors, solvent, water,
pol yrer s, Egsvfipleaal ysts; the sol vent preferably does not dissolve or swell

th hot Isi. th I ef bly.d | . .

phot o o5 WEN1EhTraspa@Rey s R BRANAEfy Were HRRSLRUIE 4 tiatle,

i.e., SUL fautagle r?bectftﬁdscfwnpic bmb_éc'br![‘igepfm'rﬂtevacam(;mpm;']ayidlemvum\é‘,\SE]i (ddo¥Vaofiamt o

| nsure_t e, 1op, cpa adne, = ces

oroperdy L8 vk riBion Rebraialo P i i s RS E b dthhey G1&ieP tha poven

V\ﬂi tch ar enﬁwér;aemmfmﬁ HIES éw:mgbn’apmaealmmti?meftsmpam?rm?'uhagffmctive t
otoresl s or, mu e roauc e ents t1or Oop Coa

gppl i cati W?xaf‘qgﬁafw&gf Hey af%ffg@gf‘%(wi‘éx%ﬁ@? i?%gllln\s{t . 5 Table 8: PGPE

239.85 1.5251 0.32 247.2} 1 5331 0.30 239.87 1.5260 0.34 247.99 1.5238

0. 30 :

[ As-spun 417 1.5418 | 0.0
90°C 422 | 1.5484| 0.0
110°C 410 | 1.5401 | 0.0
135°C 410 [ 1.5350 | 0.0

10  [00115] The top coat materials according to the present invention are tansparent at 193
nm.

Example 25
[00116] A wafer coated with a bottom antireflective coating was coated with a

photoresist, JSR 1682J (Japanese Silicon Rubber Co.). The top coat solution of

15  Example 7 was spun at 1520 RPM and baked at 90°C for 60sec. The wafer was then
exposed to a 193nm light with an ASML /1150i immersion scanner where water was
used as the immersion fluid using. The wafer was then baked at 135°C for 60sec and
developed in 0.26N TMAH developer.

[00117] Comparative example: A wafer coated with a bottom antireflective coating was

20 coated with a photoresist, JSR 1682J (Japanesé Silicon Rubber Co.). The top coat
solution of Example 7 was spun at 1520 RPM and baked at 90°C for 60 sec. The wafer
was then exposed to a 193nm light with dry lithography scanner (ASML PAS
5500/1100). The wafer was then baked at 135°C for 60 sec and developed in 0.26N
TMAH developer.
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239.18 239.63 1.5254 0.32 245.73 246.98 1.5238 0.30 7.34 PGVEA 239. 04
1. 5258 0.30 233.96 1.5283 0.24 239.79 1.5257 0.31 233.03 1.5286 0.24
239.49 239.44 1.5258 0.30 233.59 233.53 1.5285 0.25 -5.91 1- entanol 238.22
1.5265 0.32 235.65 1.5275 0.25 238.05 1.5268 0.33 237.36 1.5271 0.25
237.45 237.91 1.5263 0.32 237.06 236.69 1.5273 0.26 -1.22 EtOH 237. 66

230 90 2300168, COBearal e Exaingie, A Suer thateyiliva bottom aniffeficetive cedifgivas)

ent anol 2ddatadwith 81dotwess, ISR 1682J1(Japawse SHicon RabbernCa.) 9b2Pnm.3khe50. 57

Fo anol 2 9ger 85 tih. @dRsEBiora 16%Hin fohd 30ty fioiing fodhnec M. PAs 0. 25 0

1. 5276 0. 3300/280).3The 9afdd was.tbarcbal@d3s 1353%: fot 60 argl developad in 0.86N1. 84 PGQVE

243.5Q. 1. 34 229.83 1.5308 0.24 243.20 1.5271 0.35 233.02 1.5304
0. 25 q§50?§@@5%§%§@eﬁ_5256 0.37 231.83 231.56 1.5336 0.27 14.33 1-but anol

025 243RPT1AL TR sl ibdassstigineg 6 ne g atio e rinef Llhd 2,721
propy!| eneicginy\’ﬁxgl eITntmpyhicgisbme. FSHdEiﬁcallwthqlogOrmmé:1gln9tsoace®tah-yes ghowad Rcet at e
2, 10 S RS o, LBl o B B BT o ek 01141
angl e spewithag @opinegativeiimpacteinaesisioprofile and pracess latitudey iThiees whs/algo WASE]

(J. A }dé\ﬁ g%@?@%g wggh glv?%spUSgég{ﬁ(&gJ RormdF A Aok ation 2RPWEL dohditontis ah! | ustrates

the t
immersion scanner.

Example 26: Leaching Performance for Top Coats

[00120] Ultra pure water (12mL) was flown over the wafer surface coated with top coats
15 prepared according to Example 7 over a photoresist JSR 1682J (Japanese Silicon

Rubber Co.) and collected for LC/MS analysis. C4-C, sulfonates which are the anions of

the photoacid generators in the resist were analyzed to illustrate the impact of top coats

as barrier coating. The results are shown in Table 11.

20 Table 11: Summary of Sulfonates in Water Samples

Sample C4 Sulfonate* (ng/mL)
Resist only > 80

Resist + TC of Example 7 (17nm) 4.9

Resist + TC of Example 7 (36nm) 3.2

* Other sulfonates were not detected in the samples

[00121] The results show that the top coat of Example 7 is an effective barrier for the
leaching of photoacid generators. Typically, if leaching results are <5ng/mL, the top

25 coats are considered safe to be used in an immersion scanner without causing any
detrimental effects to the lens.
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material conprising HTES / HNO3/ PGPE as a function of tenperature. The
refractive index and scattering factors are fromthe VUV-VASE at 193 nm
Tabl e 10: As-spun 417 1.5418 0.0 90C 422 1.5484 0.0 110C 410 1.5401 0.0
135C 410 1.5350 0.0 10 [00115] The top coat nmaterials according to the
present invention are tansparent at 193 nm Exanple 25 [00116] A wafer
coated W g BOLY QY tireflective coating was coated with a photoresist,
JSR 1682JM’ i con Rubber Co.). The top coat solution of 15

Exanpl e 7[00422k Fanexamplew2? amd/28nmlgssistaled othennise, exewplasy: filmpergaf er was

then exp . | | 7o) ﬁﬁm R (0B b ér}ﬁﬁr wher e
wat er msgé’ﬁo%gé&)ggtogfﬁgﬁﬁbrﬁwé%% S}J\Y‘:M]{J“?Q 0 S néééélt%gy gaf er fﬁdﬁn@:ﬁg ?b@ aked at
135C for [itfiegraphically provesse édthidolbwag\manil dbe deppsition prooassApr teénpar at i ve
i £ 2 pnORapiesiet 8 saRobharyP S er L AT (B b (B cORRESG Hfugres 0%, ©
with a ph8 GPEs| &Y“, (E aeﬁ'g se Sili éon er . gj e q op coat
sol uti on 0f2 rceompue) Teflars fikgrand dhe W50 wRPspamdn baktatingiturgtalefa} 3580 rprec. The
waf er wa 0S, 0 | | | r ( ASML
Pas. 5500121 200Ro0H e e e ShelotBREastitectliod ol yarb i BRgkoarEi, (000
i n g. 26B| :vtwmﬂowfmyfmsl tt_apﬂfsb{al&ﬂm )an:oa@e@mrmmir@mrmtb%eomafaed &E?aJtS Ed
Wi a bottom antir ect i. X [
Y85 ( sap Rt Rl isfbiEL S CRhee BN POECImAL VBB Y i pite 08,
t of a WBnrqa:]wugicttt)mﬂ 1[I;ylTtieryndly'cr:nehd[Qn gph:j eaclahotglaté mnmiwma@mmz The
waf er was en baked a r. C
devel oper ."‘e["BB © ‘?ﬁ%&?dééfos? L@ﬁé‘bgi O;E)I?t%ﬁ%ﬂﬁXﬁogﬁ?ﬁ%@ teg%tmses%iﬂ(\)@e wer e
‘exam ned bdayity the temparaturg teh eohtraller.nTioe teswpepatureSPeaich hotplate washe 80nm 1: 1
| i ne/ space_features .showed no L aNifd ' .
I ndi cati n&?t@FHPM(? ?@Be@glg? %?Eﬁgéﬁﬁ' @?d;éegg%ft%ﬁﬁ%g@ge Egmﬁt{@%t?&%hggrﬁ%gat I ve
i mpact onPamaers Thetap cdat was their depesited arito thedghotdriesistin b sarthe onamper as
15  the photoresist was applied to the wafer except it was spun for 7 seconds at 500

revolutions per minute (rpm) and then ramped to 1500 rpm for 35 seconds to form the

top coat. This dual layer film was then subjected to another PAB at 90 °C for 1 min. The

wafers were spun on a Model WS-400A-8-TFM/LITE rotating turntable manufactured by

Laurell Technologies Corporation of North Wales, PA. The photoresist used for these

20 experiments was TARF-P6111 (product name by Tokyo Ohka Kogyo Co.).

[00123] After the top coat was applied to the photoresist, unless stated otherwise, a
chromium on quartz mask having patterns with features in the size range of 30 down to
4y was placed in contact with the film then exposed to an ionizing radiation source.

[00124] The deposition and masking was conducted as described above. The

25 unmasked portion of these films, were then exposed to a broad band ultraviolet light
source referred to herein as “UV1”, manufactured by Fusion Systems using a “D” bulb,
for 1-5 seconds.

Example 27: HTES, 1-butanol formulation

30 [00125] 0.96g of Aldrich triethoxysilane (HTES) and 13.5g of Aldrich 1-butanol were
added to a bottle. The mixture was briefly shaken prior to adding 0.3g 0.001M nitric acid
solution. The mixture was shaken for about 1 minute. The pAcid of the solution was
calculated to be:
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10 difference when it was used under normal dry condition and wet condition
In an 1mersion scanner. Exanple 26: Leaching Performance for Top Coats
[00120] Utra pure water (12nmL) was fl own over the wafer surface coated
with top coats 15 prepared according to Exanple 7 over a photoresist JSR
1682J (Japanese Silicon Rubber Co.) and collected for LC/MS anal ysi s.
Cl1-C12 sulfo at es ich are n ons_ o th t oaci ener rs he
resist werd$ I yg V?rﬁ |?Fﬂét rg °% he? |d’§%ract %E%; [ii|+ 03 as%rrlgﬁga
coat i ng. Th8 sult Sare Hfown in Table 11. 2 umrary of

Sul fonates in Water Sanpl es Sanple C4 Sul fonat e* (ng/ m_) Resi st only > 80

. | . *
CRfﬁleft sal @@[%MM@@ ﬂagutr?ﬁ?ﬁ*@%Féﬁe Tﬁ oéﬁgiﬁ\h%] resul t s3sﬁow
that the t0pmooype d{0-Enighresistivity Si wafeeﬂsmrmlmg/eorwmnse% sen at3$00 RRM:hi ng of
phot oaci d eneral ol Sea il G deVe by LERBRLID PR i Afntwabnired fohe tOP

25 coats be used I mrer st on scanner vmthout
causi n§ arejhpscnfaétytmdﬁta’mméﬂmdﬁmﬂth;ckﬂ%sl ens. -36 Exanples 27 and 28:
[00122] For exanples 27 and 28, unless stated otherw se, exenplary filns
were depdeot2Ty T(bnatI-bTES)aoluilmrwqre iambiernt bgedavemigbt thEn hpkyhomééh%t ivity

(10 20 52 BB Ris ABG 1 f Y 3RS Gk \pBROKLRB el hotdiBsOld e

manner. THRE i'on" process oresi st was conduct ed
di spensi ngolution WIas filtered withia 0.2p syringe fdierryybsm ttiwas apnhemtgtthawaterisnmmsm (pm)

Teflon fil I rpm
for 35 secBIiMa7 st FRUBTARTEI vt sl SR ITA e Wl cilanéaiaR

‘cor r edpondideeC bnlamotptaief'ﬁidwafedwbysabm(dsd fergiippomate tq detegmiae thess C for 1
mnute. B EB were conducted using either a G marec Mdel
No. 2 or %ﬂgﬂp&g E@&éﬁp‘%@? 3 hot plate 10 manufactured by Thernol yne. On
top of ea | at t gﬂphe I nserted
into a hoﬁéb{k(r% Srwag?y@és &g?gdnomhtr&gﬁn?l‘g %ﬁuecwt éotrﬂr)ﬁ)gtrgi]ure aﬁ/ el aying the
t enper at urphotovesistdenélopér was puldied ie teecantenie thef candariof the wafent Aftgigimin.,

contr g'y' S e bidpdTWEs Ablh 811 (85'54e ot ST RAMY! $he RARST wBAEEA With & it "ol | er

15  amount of deionized water during the spin. The wafer was submitted for ellipsometry to
determine if the topcoat was completely removed. Table 12 demonstrates that the top
coat according to the present invention is readily removed by contact with an agueous
base without negatively impacting the underlying resist.

Table 12: Film Thickness Before and After Development

20
Before Before After After
Development Development Development Development
Photoresist Top Coat Photoresist Top Coat
Thickness Thickness Thickness Thickness
(nm) (nm) (nm) (nm)
204.49 61.45 199.50 1.57

[00129] The deposition and masking was conducted as described above. The
unmasked portion of the film, were then exposed to UV1 for 3 seconds. After exposure
the films went through a post exposure bake (PEB) at 135°C for 1 minute to generate a
25 latent image unless otherwise noted. After PEB, film 29 was then developed using an
aqueous 0.26 N TMAH developer solution for 30 seconds. The wafer was removed from
the bath and rinsed with water. After processing, the wafer only contained the exposed
film with the proper positive image also described as a patterned coated substrate. The
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Parnmer. The top coat was then deposited onto the photoresist in the sanme
manner as 15 the photoresist was applied to the wafer except it was spun
for 7 seconds at 500 revolutions per mnute (rpnm) and then ranped to 1500
rpmfor 35 seconds to formthe top coat. This dual layer filmwas then
subjected to another PAB at 90 C for 1 mn. The wafers were spun on a

Model WS- 400A-8- TEM LI T [ 0Q.: L Wr . G rell
Technol og?’éeén% @ ﬁalsgﬁs%&'éﬁléypﬁn% ‘g)tg%hﬁd 'elgﬁ%?%r S?g%dﬁggd for these
20 exper i pattdrsedinmgEARFIRET exhibted rénchesirasnivagydopaidiem Ghr imided she mash),

[00123] ALter the t C pplied to the photoresist, unless stated
ot her wi se,'neéw%ﬁlr%ﬁﬂ?\%ﬁfgoﬁ;nqtﬁ%ﬁf@ mask having patterns with features in the

size range of 30p down to 4p was placed in contact with the filmthen
exposed to an ionizing radiation source. [00124] The deposition and
maski rj) wEzarple@8c HFESa8,3¢Ekifudroprdpyirivethoxysianes and Aduian®! por ti on of these

films, we X . . I A _light source referred
to herei n[o}g%ﬁ'ﬂ@f‘ég%ﬁéﬁﬂup@@qeﬁp@@%&egﬁgﬁgx otstgl@tdef?é&gsi ng a "D' bulb, for
1- 5 seconttifluoiGpeopyltimefoxysiiais:, abd 3t5aafAldrishridbutanal wese agdgsh to3 beftle sy of
Aldrich trjethagxysil o) : r added
to a bott ﬁ-h‘? W’ﬁg%rW%a%feé&\%g@‘r‘?’g?@%ﬁ%gfgg@ ,eé’PqP‘ofﬁg'S?F rra{lgr§21| (')”ﬁ?{’g .gr.]eOOl M
nitric acmixtureobas shaken Traboitxt mireitevaThespadid of thersoltionwas calcHlgted tohge pAci d
of the solution was calculated to be: -37 g silica g sol vent acid g base
g wat er kg gtstical §bbiyent OHy dcip Acg tlase0. qpwater. 5 Bg®tad 0 0.[0th76 dOBE00

4.69 [00126J7Bottamsfi|l md.dr toproat: About Q077 TARF0G98Q081 phBt or e €&t
was spon onto a 100mmtype 1-0-0 high resistivity Si wafer (spinning
conditions: 35 sec at 3500 RPM. The wafer was calcined at 135C for | mn.
on a hot [00434] Bbttemffilhrfonte) tAtiout dntl TARF-RS141 phplorsaist WastspuaePradi ne t he

then spun TSH00 TRe "5 Blebretie STafr Shiig BEREIaTE, 36 e AL0R eed
onto the {Thewafersiast caldined atT36°C fal luminoan adwot plate. Fhe dilmier submitted fay r j nge
500 ren ¢ AUReoe LI Pt 8 R Rk Bssl e "l i ned at 10 135 on a
[] ﬁf cElﬁ ;g'[%ér@]]\é%fpg-m%ggqlﬁﬁgﬁ@v%rg A ibnt Sb!ed BYSHih theh SpiebRotheie the
photoresist film. About 1ml of the HTES was dispensed onto the photoresist film. The
solution was filtered with a 0.2y syringe filter when it was applied to the wafer. Spinning
conditions: 7 sec. at 500 RPM then 35 sec. at 1500 RPM. The wafer was calcined at
135°C on a hot plate. The wafer was submitted for ellipsometry to determine the

20 thickness of the topcoat.

[00133] The wafer was placed on the spinner chuck. 1ml of Optiyield photoresist
developer was puddled in the center in the center of the wafer. After 1min., the developer
was spun off (35 sec. at 3500 RPM). The wafer was rinsed with a small amount of
deionized water during the spin. The wafer was submitted for ellipsometry to determine if
25  the topcoat was completely removed. Table 13 demonstrates that the top coat according
to the present invention is readily removed by contact with an aqueous base developer
without negatively impacting the underlying resist. Moreover, the added hydrophobicity
due to the presence of the fluorine atoms did not negatively impact the depolymerization

rate in the developer solution.

30
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[00128] The wafer was placed on the spinner chuck. About 1 ml of Optiyield
TM phot oresi st devel oper was puddled in the center in the center of the
wafer. After 1 min., the devel oper was spun off (35 sec. at 3500 RPM). The
wafer was rinsed with a snmall 15 anmount of deionized water during the spin.
The wafer was submtted for ellipsonetry to determne if the topcoat was

fﬁgpl)?teg'eﬁtr?ﬂ‘iiaﬁeoﬁ FUR g sré%‘”“%?%ﬁ%&?‘f?%? %o aqueous  base

\_1_\/|ht h(lzut ne%a; ively actl ng theamqgrl ying r ]'cl'abl : Flb\:‘tm

I ckness Before n e er

Devel opnment DeveI @ veI g)pé%'a otaeéﬁ‘%l cggfﬁl'top Coat
Phot or esi st Top sﬁ'h cknes ess T s Thirgi (nm (nm
(nm) (nm)  204. P 1o Ehickaese 50 00129 %eposm rf?ﬁ) and nmaski ng was
conducted as descri %%'g"e%bove % masked gon of t ®of il m were then
exposed to W1 for onds Qr exposure e filns went through a post

oxPoss ot KiGel TRehiks 915@&%6@%@%“%3%%’0 \%%gﬁ@hg%gegfope g o
agqueous ?pﬁ&o?ésﬁ%/ﬂlrhb dmm-gﬁﬂaﬂ)sd‘lhetdepos:ﬁan’rarﬁi)madomlwgs conduoles @F  was f
at h..and ri N waf er
o'y cnt dPtped RES DR thrie ke e b i, yetd Benihpeseenib s o3
descri bed seeorwspartbeexrméumlae ditnswest thaugh aTost exp(@sul@mlspl(BE??ai 138 Gas
"mmges. - Fiih P e P i Aines el bl RRR REho Al A4FleRES p B TRIPEL

nmask), | ldaeélowrselmueﬁ for\30ckedonds. t'ﬁw&vafm was Emuérmthelmand rinsed
3,8,3-trifl | t th | ¢
1 oh WS, SR, HeScERRAS HE e Syl e Bbosc i it o Bpep

triflgor orpbgim/é Magﬁlﬁmmubemas a@aﬂerhad Sgatetl sobsiratehThe bxerapiaty filrwasadded
to a bottl m xture was haken g . 001
Vit e, GBseIven Py pRatHS cmPoun bl e Ras B biber dhulftidaTabec ot 2.
pAci d of tehRibR&d tiénches\smd linéd msbaeedowmhm (tree limik ofthe gnasts).vent g acid g
base g water kg total [H+] [OH] PpAcid

Example 29: Triethoxysilane and 1-Butanol

15 .
' [00135] 54.0g Aldrich 1-butanol was added to 3.85g Aldrich triethoxysilane in a 4 oz.
poly bottle. The solution was shaken and 0.48g 0.0025M nitric acid was added and
mixed again. The pAcid of the solution was calculated to be:
gsiica gsolvent gacid gbase gwater kg total [H+] [OH-] pAcid
3.85 54 0.48 0 0 0.05833 0.0000012 0 4.69
20

[00136] Bottom film for top coat: TARF-P6111 photoresist was spun onto a 100mm P
type 1-0-0 high resistivity Si wafer. Spinning conditions: 40 sec. at 3500 RPM, solution
charge-1 ml. The wafer was calcined at 135°C for 1 min. on a hot plate.

[00137] The HTES solution was ambient aged for 5 days then spun onto a photoresist

25  film. 1 ml of the solution was applied to the wafer during the dispense segment, 7 sec. at
500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM. The wafer was
calcined at 135°C for 1 min. on a hot plate.
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0.97 13.5 0.3 0 0 0.01477 0.0000003 0 4.69 10 [00131 ] Bottomfilmfor
topcoat: About 1 m TARF-P6111 photoresist was spun onto a 100mmtype
1-0-0 high resistivity Si wafer. Spinning conditions: 35 sec at 3500 RPM
The wafer was calcined at 135C for 1 min. on a hot plate. The filmwas
submtted for ellipsonetry to determne the films thickness. 15 [00132]

The HTES .apns wer e anhi ent e ' e b O ;
phot or esi iﬁbﬁélﬁﬁ‘e/&ﬁ%{&f wigﬂqen&la%%jeg]_@égb%égpg}%cgéﬁgﬁgfjgﬂ%'il?helbﬁ%tglieglrstesi st
film The Dewlager vas\paddibd lirt theadnter bhthe viafép After 1 mire the devalopanwasispunas
applied to waf er. | condi 1] : . . 5 sec.
2t 1500 R (Free, EramoO eIl Jphe HEEFups SHBind Wi G sl appblriBMosieed’s, U0
submi t t ed vater edririgithe spinr Whedolbbadirg film@ropértie@etenmeasured onthe $teippashcoat .

[ 00133} The fer | i nner chuck. 1 m of Optiyield

phot or &si sgorﬁ\%bva?\é\%%ppgﬁﬁﬁgg&ﬂlﬁ)ggﬁnﬁ me center in the center of the
wafer. After 1 mn., the devel oper was spun off (35 sec. at 3500 RPM. The
waf er was phdtedisM t Tod Goahl | FePp@oht Of  ggi oni zPHotordsist duri ngst he spin.
The wafer whrkSesaT ttré.igkriés% el l Pépﬁ‘éime”iroﬁébade'['ﬁﬁmn%s '(rfm)25Phbto(|"ésMCoat was

conpletely rejmyed. Tafing 13 dpswiisgerat esoédat the top coat Retaireding to
the present invention is readilyppgmoved by contact with an aqueous base

devel oper ogbi4ropt neggdog/el y | mppsti ng toge under 12016 r esi st .gdvbr eover,
t he added hydrophobicity due to the presence of the fluorine atons did not

negatively inpact the depolynerization rate in the devel oper solution. 30

-39 Tabl e [bg13d] THis EraRpeahowBeiAN e gAGd 6f thelsoldtivr kAR i ¢hoiddadfaoRrveRpdrer e

After After Devel opnent Devel gpnent Devel opnent Devel o n Resi st Top
Coat | Resi SmPPOBTEAmOteFs IATRLLOSARLERS 8O IRHOLARAT bR iRh et Oo o skt

(nm (10M  thé PhoRPesiél tRkn28 oPBeforfancé 00134] The HTES sol utions were
anbi ent aged overni ght then spun onto the photoresist film (TARF-P61 11).

The deposition and nmaski ng was conducted as
Example 30: Triethoxysilane and 1-Butanol/1-Propanol

[00140] 3.85¢g Aldrich triethoxysilane was added to a 4 oz. polyethylene bottle. 43.2g of

15  Aldrich 1-butanol and 10.8g Aldrich 1-propanol were added. The solution was shaken
and 1.2g 0.001M nitric acid was added and mixed again. The pAcid of the solution was
calculated to be: '

gsilica gsolvent gacid gbase ¢gwater kg total [H+] [OH-] pAcid
3.85 54 12 0 0 0.05905  0.0000012 0 4.69

[00141] Bottom film for top coat. TARF-P6111 photoresist was spun onto a 100mm P
20 type 1-0-0 high resistivity Si wafer. Spinning conditions: 40 sec. at 3500 RPM, solution
charge-1 ml. The wafer was calcined at 135°C for 1 min. on a hot plate.

[00142] The HTES solution was ambient aged'for 7 days then spun onto a photoresist

film. 1 ml of the solution was applied to the wafer during the dispense segment, 7 sec. at

500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM. The wafer was
25 calcined at 135°C for 1 min. on a hot plate.

[00143] The wafer was then placed on the spinner chuck. 1 mi of Optiyeild™ Photoresist
Developer was puddied in the center of the wafer. After 1 min. the developer was spun
off (35 sec. at 3500 RPM). The wafer was sprayed with a small amount of deionized
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5 descri bed above. The unmasked portion of the film were then exposed to
W1 for 3 seconds. After exposure the filns went through a post exposure
bake (PEB) at 135C for 1 mnute. After PEB, film 30 was then devel oped
usi ng an aqueous 0.26 N TMAH devel oper solution for 30 seconds. The wafer
was renmoved fromthe bath and rinsed wth water. After processing, the

waf er onl tain t he edf mwith the PLoRE! i mage
al so des c%'Ff?égu%g %eﬁz?f"f eﬁ}?gfg Y9 @81 @885?'?3?’8" ggﬁﬁé%pﬁﬁef%&'w&m was
observed poyrtivanas @sSerteghoSESDM¢llipsoaleteri cr oscopes to detect patterned

I mages. Film 30 exhibited trenches and |ines resolved down 4pm (the limt
of the mask). Exanple 29: Triethoxysilane and 1-Butanol 15 [00135] 54. g
Al drich 1photosssist waTopebaed t oTépoday Al dbch triphokovasist | ane i nba 4 oz.
poly bott|thickidss solthickmesswas aftbedtdp amdploat8g thicki@as ¥am) t r i photaresistvas
added and rhmpd agai (amyrhe pAc(min)of t hdosol uti on was cal cul aetaihedo be: ¢
silica g s@0os2® g acb4l1§ base gowater kipkxotal [BBJ.OTOH] pASR®% 3. 85 54
0.48 0 0 0.05833 0.0000012 0 4.69 20 [00136] Bottomfilmfor top coat:
TARF- 51 [0D184P This@xasible/itkistafas thatrhistusesl 6fGsoiveRts rmgyprotiafiectthhipbhtoresist

resistivity_ Si fer. L nni conditions: 40 se t . RPM .ol ution
charge-1 ‘.’haf'ﬂ\é\%%?%qoﬁ&ﬂ%"zég& ?ﬁtga t%& wfnga‘f“&?’”% bﬂ%}@é@%ﬂgg ﬁg[uuéﬁ at e.
[00137] TBachtures) however, \wasy aidin thetstarggeistabitity of th/filmifoeming mixtuent o a
photoresist 25 film 1 m of the solution was applied to the wafer during
t he di spense segnent, 7 sec. at 500 RPM After dispense, the wafer was

spun for EBkample.31aTridthotyskiié arhe-Pregamol was cal cined at 135C for 1 min. on
.a hot1@l ate. -40 [00138] The wafer was then placed on the spinner chuck. 1

m f of Op]'E [00445154.0g Mohr’ﬁe'r@bnolwﬁsadmdrto B85g fi Altirieh tnethcb)dysilargrin ad of. t Ee
r. A t . T
ﬁf 2r was P2 K?té\ﬁl Wélﬁ ﬁ' e#ﬁ%%ﬁalfsﬁ%un 1%19 9&’§§N€{§f8 ragguv?alssn%d 2/9 spi n?

The foll oundlg\efsdlufbprvm&hb(e@agmr &'hepa.eidrcédwe)sblmtlw veds cgbqeated tple:t | on was a
Sent ech SE800 el lipsoneter. Photoresist Top Coat Top Coat % Photoresist %

Thi ckness Tlsiliekneg soladnt erg deipC 0gbaskhi ajwters ( RgjotdPhot or[Bis] st [Ohk) (pAdid
Devel oper Le®s Retagsned 1.2 0 0 0.05005  0.0000012 0 4.69

15 [00146] Bottom film for top coat: TARF-P6111 photoresist was spun onto a 100mm P
type 1-0-0 high resistivity Si wafer. Spinning conditions: 40 sec. at 3500 RPM, solution
charge-1 ml. The wafer was calcined at 135°C for 1 min. on a hot plate.

[00147] The HTES solution was ambient aged for 13 days then spun onto a photoresist
film. 1 mi of the solution was applied to the wafer during the dispense segment, 7 sec. at

20 500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM. The wafer was
calcined at 135°C for 1 min. on a hot plate.

[00148] The wafer was then placed on the spinner chuck and 1 ml of Optiyeild™
Photoresist Developer was puddled in the center of the wafer. After 1 min. the developer
was spun off (35 sec. at 3500 RPM). The wafer was sprayed with a small amount of

25 deionized water during the spin. The following film properties were measured on the
stripped portion was a Sentech SE800 ellipsometer.

photoresist Topcoat Topcoat % photoresist %
thickness thickness after strip Topcoat thickness (nm) photoresist
(nm) (nm) (nm) loss retained
275.98 69.73 1.01 98.6 273.04 98.9
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(nm 202.4700 63.98 1.05 98.4 201.26 99.4 [00139] This exanple shows that
the pAcid of the solution and the choice of solvent are inportant
parameters to produce aqueous base depol ynerizable filns that do not affect
10 the photoresist thickness or performance. Exanple 30: Triethoxysilane
and 1-Butanol /1-Propanol [00140] 3.85g Aldrich triethoxysilane was added to
a 4 oz. polyethylene bottle. 43.2g of 15 Aldrich 1-butanol and 10. 88

Al d h 1- | I 0.001 M
o iri o ac FIABE 1his GBI syl 1Y Hehdh KB BRE BACR AN heffh.
cal cul at eimprovéthe sioragé istability sfdhe tmutcogt aiiture yvithautaftecting the phgtaresisior[ H+]

O+ Aci tomfilm
1[or ][OB ch?ng'nﬁA dﬁgflny"ﬁ%l??' °8§§ Qov\aggp%gﬂeﬁ:ugr? Ségoqég%%é]uggﬁ%ype 1-0-0
high rgsistivity Si wafer. Spinning conditions: 40 sec. at 3500 RPM
sol utidn har ges. . fer lcined at 135C for 1 mn. on a hot
pl a'tjel. [0%—3@#%%} THFE?@%’F"‘@?"‘OH 1@%@@ lant aged for 7 days then spun onto

hot f
Ehedi SpelQBsol s or Ao ool s ialif 1018 B RRirch tidionlySfrei gl 621 1O
spun for %Iyemlenatboﬂtmdmmwtm was$ ehakens 0.122g of0. &Mmcaﬁldmﬁd@ﬂ 1 mn.
on a hpt 0143 chuck. |
m of@pt iapgtth%ﬁcilothghv&% ggggﬂmveﬁ)@tﬁy&ﬁé%%ﬁ#%caﬁgaztggter of the

f After 1 i 1dedd +t 3504 RP h
vafer vas EpEgeqSaplatT, Ve??pﬁng%‘?f GRUR, Oxpudel> 72 Gl bpcane

]Qn gr dug ng
spin. The f 1&owi ng“til mproperties vvere rreasure on the stripped portlon
was a Sentech SE800 elli psoneter. photore5| st Topcoat Topcoat % photoresi st

(i (o TP Ry oL b cDf SARFAPEY ptlobiskeifns Seifflopkyg aonami €, ("
exanpl e i ltypest- oax kigh témtlvmy Stwafes S;blnuog vonditionsu40 see. abBERARPM; golution
Pase- cont anAreRg! €, 1 whEr wASKRIHER A f3'C8y S b & B8 ABR, |1 HCES age
st abi I1l5t y [861 ézﬁ‘ el'hfeI I-ll'Fgé 8&%&%&% é}nﬁfeﬁt aged for 13 days then spun onto a photoresist
film. 1 ml of the solution was applied to the wafer during the dispense segment, 7 sec. at
500RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM. The wafer was
calcined at 135°C for 1 min. on a hot plate.

[00153] The wafer was then placed on the spinner chuck. 1 ml of Optiyeild™

20 Photoresist Developer was puddled in the center of the wafer. After 1 min,, the
developer was spun off (35 sec. at 3500 RPM). The wafer was sprayed with a small
amount of deionized water during the spin. The following film properties were measured
on the stripped portion was a Sentech SE800 ellipsometer.

photoresist Topcoat Topcoat % photoresist % _
thickness thickness after strip  Topcoat  thickness (nm) photqres:st
(nm) (nm) (nm) loss retained
275.82 48.22 0.5 99.0 274.65 99.6

25
[00154] This example shows that more hydrophobic solvents are capable of coating the
photoresist effectively without affecting the photoresist or changing the depolymerization
of the topcoat in aqueous basic developers.
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Exanpl e 31: Triethoxysilane and 1-Propanol 10 [00145] 54. Qg Al drich

1- Propanol was added to 3.85g of Aldrich triethoxysilane in a 4 oz.

pol yet hyl ene bottle. The solution was shaken and 1.2g 0.001 Mnitric acid
was added and the solution was m xed again. The pAcid of the solution was
calculated to be: g silica g solvent g acid g base g water kg total [H#]

[ OH] pACiEQamﬁle%‘M 1.2 0 0 0.05905 0.0000012 0 4.69 15 [00146] Bottom
filmfor ~ TARF-P61 11 photoresi st was spun onto a 100mm P type
1-0-0 hig A i i . o RPM
sol ution T%@?F%B%%Zwr# Xféﬂ%&ﬁ{aﬁ {étranéla%% CFE@QQ.Z{SQ%E%@!?@; 1 r)r(1y ﬁﬂan%ﬁﬁg hot
pl ate. [ OPbY@ihyiEhe beieSThe boltiiamwasmshakebibdefly anfb2 479 of Q-902N siti¢iagidspun

onto agphotaresi ' . i e N LR Wk ddicuidved er
duri ngst h agiaggg‘gégdgﬂeégérpélﬁfo n ’Qpagmevgé_ﬂg{xéa?a% E%@cmt@%"ér | spense, the
waf er was tepeid.88or 35 sec. at 1500 RPM The wafer was calcined at 135C for
1 mn. on a hot plate. [00148] The wafer was then placed on the spinner

chuck and [@0156)] &ottom filpdor top ebatPh ARG RA 14 tphDioyesissveas spyB optaRIN@eMMP t he
center of NE et 4. 1 : :W&ﬁ - 40'6Sc 3eufiGF- at
3500 RPM &F{%ﬁew\?/a'ﬁ@ ré\%gststﬁ:?pénav%gr.vé ‘? ﬁmg&éﬁi %’rr%unt '%F%Z%djlggmni ged wat er
duri ng t hehanger. mrhehe wafeowas galtinedhapd 36 for & sinveanca hetplatted on t he
stripped portion was a Sentech SE800 el |lipsometer. photoresist Topcoat
Topcodd %[RIETDTeei KTESsolutivnowasambient agadfos4 daysihen spupontosriatoresist kness

(nm phot | %:3" ie | ispen&Pseghent 02 &S b
273.04 98%8#&‘4%‘ ffotég%?{' | gé gg@%’ﬁé%ﬁﬁéﬁg?@g}geég?ﬁgt nﬁ%ﬁcﬁ? ng sol vents
and pAci d 50aiRRMI Aftendispenseothe wafier wasospugdors3Bsna. pt 160FRPMe Thevaleravas
mxtur e Wbl R4584 1009 RSP AAbESER! Thistesufddi 4/t chAiSieP MR gat | on
of the topcoal in agueous base-contalning solutions. anmpl e 32:
Tri et hoxy$0ldame. and 1- Butanol [00150] 54. Qg of Aldrich 1-butanol was added
to 3.85g Aldrich triethoxysilane in a 4 oz. polyethylene bottle and the
sol utitbn was shaken. 0.1.2g of 0.1 Mnitric acid was added 10 and the
sol uti on \Exeamplex@4l agai n. The pAcid of the solution was cal cul ated to be:

[00158] 277.7 g of Aldrich 1-butanol was added to 19.19g of Aldrich triethoxysilane and

0.79 g of 3,3,3-trifluoropropyltrimethoxysilane in a polyethylene bottle. The solution was

20 shaken to mix and 2.47g of 0.0025M nitric acid was added and the solution was mixed

again. The pAcid of the solution was calculated to be 4.69.

[00159] Bottom film for top coat: TARF-P6111 photoresist was spun onto a 100mm P
type 1-0-0 high resistivity Si wafer. Spinning conditions: 40 sec. at 3500 RPM, solution
charge-1 ml. The wafer was calcined at 135°C for 1 min. on a hot plate.

25 [00160] The HTES solution was ambient aged for 4 days then spun onto a photoresist
film. 1 ml of the solution was applied to the wafer during the dispense segment, 7 sec. at
500 RPM. After dispense, the wafer was spun for 35 sec. at 1500 RPM. The wafer was
calcined at 135°C for 1 min. on a hot plate. This resulted in a top coat with a thickness of
62.7 nm.

30
Example 35:
[00161] 277.7 g of Aldrich 1-butanol was added to 17.81g of Aldrich triethoxysilane and
2.63 g of 3,3,3-trifluoropropyltrimethoxysilane in a polyethylene bottle. The solution was



g silica g solvent g acid g base g water kg total [H+] [OH4] pAcid 3.85 54
1.2 0 0 0.05905 0.00012 0 2.69 [00151] Bottomfilmfor top coat:

TARF- P6111 phot oresi st was spun onto a 100mm P type 1-0-0 high resistivity

Si wafer. Spinning conditions: 40 sec. at 3500 RPM solution charge-1 m.

The wafer was calcined at 135C for 1 mn. on a hot plate. 15 [00152] The

HTES sol ut |. i . : :2si st
i im 1 i SRl B 707 Srsbashl it SCind ARG BOiBuch RISS0ARC 2.
segnent , Tniset . Thet pAdid 6RRRIsolitior wadicalpelated, to beet.6f er was spun for 35 sec.
at 1500 RPM The wafer was calcined at 135C for 1 min. on a hot plate.

[00153] THR0162] Eottemsfimifertopicaate TABR-RE1d 1 phiotonesistovasesipun pntg a $0mm P
Optiyeil dl riegs 4 Sk I : | ' iarl NE
wat e o OB 108 R HEI 51 RUE SIRInd Bondlist, Rfsad ol SOCRPHERIION ™ The
waf er 9as chaigeylknl. Whenwafes was lcalgimed at 135°Cder bmin.can abetalateuri ng t he spin.
The following filmproperties were neasured on the stripped portion was a
Sent ech SHESME3E(Thef$idr@ selutionpias anbientagendpeddaysribpa saun optoranhateresist oo

t hi ckness i LR | §H‘§Eg?i’i i m
(nm (nm ﬁfr@s@'pgfﬁg? %é'g‘%’b%g ggpl}gﬁgg‘?eg\{v@@g@_ig‘bzt%_@%g@ %0 2@’[%“661‘:5&? Thi s
exanpl e s500RRMadftendispdnser the wafkrovasspupdors3®seas. abR09 RPMf Thgavafergvashe
phot or esi f ' Mdalo) | Rt eS| ' t he
Gepol ymer CoiSY R 1344 for it o Rl Al Hhe BRURAGH 167 bt fth SEERAL A
Exanpf@ 339.4w0155] 277.7 g of Aldrich 1-butanol was added to 19.75g of

Al drich triethoxysilane in a Jool yet hyl ene bottle. The sol ution was shaken

brief |y af@0184} Eachiof theoppiies-iromiexampledds 3deandaifweredraatechas follows.i‘on agai n
i xed. i ' , . 156
Bott om 11 IS oRELablels GarBiatet profing Bufelafydfous thelftefii- A OB
type 1-0- Gebiggated peried oiimg trei watar was reppoved ibydlaying dry riiegensarrasscthe at 3500
RPM  sol utshoie Gl Sagid appdifed B 6Y a2 Shisdhiff b8 @dsighatéd Bfocess candiidh 1.0n @

hot pl ate.

15 [00165] Another series of droplets were placed onto a new area of the wafer at various
time intervals. After a designated period of time the water was removed by blowing dry
nitrogen across the sample until the sample appeared to be dry. The sample was then
heated at 100°C for 2 minutes. This will be designated process condition 2.

[00166] Another series of droplets were placed onto a new area of the wafer at various

20 time intervals. After a designated period of time the water was evaporated by placing the
samples with the water droplets still on the surface onto a hot plate at 100°C for 1.5
minutes. This will be designated as process condition 3.

[00167] At the conclusion of each of the process conditions the samples were examined
under an optical microscope to determine if there were any water mark defects on the

25 surface of the top coat. If there was a water mark defect observed, yes (Y) is noted in
the following table; otherwise no (N) is noted. The data is summarized in Table 14.

30
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10 [00157] The HTES sol ution was anbient aged for 4 days then spun onto a

photoresist film 1 m of the solution was applied to the wafer during the
di spense segnent, 7 sec. at 500 RPM After dispense, the wafer was spun
for 35 sec. at 1500 RPM The wafer was calcined at 135C for 1 min. on a
hot pl ate. This resul ted in a top coat wth a thickness of 50.3 nm 15
Exanpl e 34: dded to 19.199g of
Adrich triet hgg%@@ 42Wa R{)D%gté oﬁmyljrcg)lﬁroﬁﬂgllopv@éaté
3,3,3tr|JIIuUIU|Jlup_y= i 3130 - " g

solution|was 20 shaken added
and t he seittigR—wasS—H-Xx p OV tHat ed
to be 4. E&x 9] e P6§ﬂh nhot ovﬁg)sisgi'h was
spun ont Cﬂ-ﬂi—m—?&g b s

conditions:_ 3 sdc__at 13500 i rthm:- m Mhm
calcined|at_335Clor 13%in a hd plaje oM rnn 60] Mhe HIES s utian
was ambi gnt_33ed [for 4 3ays then sPpun onfo a MhotofesisN fillm 1Nd ofl the
solution|was appllied to the fer duringlthe di spemse segnentl, 7 sec t
500 RPM [Aft3 dilspensel the wafer Nwas spun fNr 35[sec.Nat 1500 RMM The
waf er wag _c¥cined at 20135C flor 1 Min. op_a hNt plate. MWis rlesultNed in a
top coat |wit8da tlhickness of | 62. 7Nnm 30 ExaNple 35: [B0161]] 277N g dof

Al drich 1-butanol| was added tjo 17.81g of [Aldrich tii ethoxysillane and 2. 63
g of 3,3,3-t85f1 uoropropyltrijmet honysil ape i nNa pollyet hill ene {bottINe. The
sol utionwas3ds-44 m xe@ brieffly angf 2. 479 of RN.002%5M niNric gcid Ms added
and the gol'ugson [was again nj xed. NThe pAcid §f the¢ sol Ntion |was ¢al culjat ed
to be 4. 697 [00UI6Z] BottomiiImior top coat:. TARF-P6I1I1 photoresist was
spun onto a 100mm P type 1-0-0 high resistivity Si wafer. Spinning

condi t 50N§001EY SlfHéfo o%é%&aRBMs ahaldésEfplion of tHedsreferréd Bmbodiert@ skduldvas

calcined at 135C fo on a hot plate. [00163] The anE% s&kuti on was
anmbi ent a@@da'maw"@ﬁisﬁéms.ﬁ@wesmm Q‘irll"@it"!ﬂ tﬁﬁ@f‘?ﬁ‘*@&!" ention; asgefipedpy fie ¢ he

sol uti on WimaPAk wafbd Redd awéaatea%urﬁsroweaﬁht@ﬁsaﬁs coRBIMRNbRs df thec. at
500 RPM After dispense, t waf er was spun for 35 sec. at 1500 RPM The
waf er was features set forth above can be utilized without departing from the present invention as

set forth in the claims. Such variations are not regarded as a departure from the spirit

10

and scope of the invention, and all such variations are intended to be included within the
scope of the following claims.
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calcined at 135C for 1 min. on a hot plate. This resulted in a top coat
with a thickness of 10 49.4 nm [00164] Each of the sanples from exanple
33, 34, and 35 were treated as follows. A series of water droplets were
pl aced across the wafer at various ting intervals. After a designated
period of tinme the water was renoved by blowi ng dry nitrogen across the
sanple until the sanple appeared to be dry. This wll| be designated process
condition 1. 15 [00165] Another series of droplets were placed onto a new
area of the wafer at various tine iQLAMSIS. After a designated period of
time the water was renoved by blowing dry nitrogen across the sanple until
t he sanpl e. appeametthod tormeakihgya depolynmiinaibietopasat haterialieraisedn alithb§@phitor 2
mnutes. This wiJl b esignated process condition 2. [00166] Another
series of p(ﬁ?%eﬁ?’etb%"\ﬁ@}og CBW%E%ag'onto a new area of the wafer at various 20

time interval S'ap@&ﬁg{a Ideq%f%]ggﬂ%&% t:o;nitgéjgﬁ Igﬁl«i,érrgi Pb?ﬁre%{,%e ¥igRor at ed

by pl acing the es’ W wa on 'the sdUrface onto a
hot pl at e cemplisioCafsdicortcantaining polymer Aeparediby isolkge! prosesping atdeassons ocess

condi tion fi.akQ@L8 dngAt the conclusion of each of the process conditions

t he sanpl es were exanined under an optical mnicroscope to deternine if

there were any syBje&ingthé &yﬁf%ﬁéoa?&afe*ﬁﬁl to &emPéraffe otforh BBoUt 8D te¢oat . | f
there was a water k defect observed, is noted in the follow ng

[ mark 1 Ve es (
tabl e; ot HPPW 29 q"ld”'(wmitﬁe slisopgontainingpolymner i e tepcaat Bdterigl Tapl e 14. 30
%5 -45 T?bie@olalﬂalgrii%t@]gmItuﬁpd@EFé'eFo%ta@tueéusF%adﬁefla@ir@ sbRifio;arHeBeitHecdt Dropi)eg
I M on e urt ace o e 1.1 m(Wa r erec a . 1 OCESS .
T 08 ileasEone S Shyrde amprisen saekst bre S sourol o fhe TR RESTOR e N 39 3

NNNN 34 1 NNNNN 34 2NNNN 34 3 NNNN
wherein:

R independently represents a hydrogen atom, a fluorine atom, a fluoroalky group,

a perfluoroalkyl group, or a monovalent organic group;
R' independently represents a monovalent organic group; and

a is an integer ranging from 1 to 3, wherein at least one R is a hydrogen atom.

2. The method of Claim 1 wherein the at least one silica source is at least one
compound selected from the group consisting of methyltrimethoxysilane,
methyltriethoxysilane, methyltri-n-propoxysilane, methyitriisopropoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, trimethoxysilane,
triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and andtriphenoxysilane.

3. The method of Claim 2 wherein the at least one silica source comprises
triethoxysilane.

4. The method of Claim 1 wherein the at least one silica source comprises Si, O, H,
C,and F.
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B35 I NNNN 35 2 NNNN 35 3 NNNNJ5 [00168] The foregoi ng exanpl es
and description of the preferred enbodi nents should be taken as
illustrating, rather than as limting the present invention as defined by
the clainms. As will be readily appreciated, numerous variations and

conbi nations of the features set forth above can be utilized w thout
departing fromthe present invention as set forth in the clains. Such
variations are not regarded as a departure fromthe spirit 10 and scope of

the inventg on, ﬁ’l@q? +d éfl\’.'ﬁgm h@r@anHé%l%aesdgftk%Ngﬁ%ésoatb@as't Bd uded wi thin

t he scope ‘of the ow ng A nmethod for making a
depolynerﬁwaﬁﬁ&YHﬁpumoat naterlal for use in a lithographic process, the
nmet hod conprising: applying a |ayer of a conposition on top of a |ayer of
phot oresi st, the conposition conprising a silicon-containing polyner
prepared by sol_ Eroce55|n at | east one silica source;, and subjecting

the | ayer %f tJﬂ)‘ odQft(daify] wheyelq t?%ﬂb@s&“[ﬁeé’oﬂpnﬁ?%?ﬁ'%é)ﬂ?e 50 to about

200C, whergifluctddikyBgroug.on- cont ai ni ng pol ymer in the top coat materi al

depol yneri zes upon exposure to an aqueous base-containing solution, wherein
the at |east one silica source conprises at |east one silica source of the
formula RaSi (OR )a_a, wherein: R independently represents a hydrogen atom
a fluori ng.at omMheandthacbofdiditny wherein, the at Ipast bhe sificeasduyde epnuptises atrleast

nonoval ent n%rcgﬁﬁ&bﬁncgé WHad fiim dﬁg@g&%kﬁ%&e‘% gsents a nonoval ent organic

group; and"s Tsranan e er rangi Fom wherein at |least one Ris a
hydr ogen attlfWOPpryltmhethmsﬂw Oent@jllmf%hﬁnmléﬂ@wﬁ"@mﬂa at | east one silica

source is r%%héfG&%Fh&ﬂ@ro&ﬁmﬁ(ﬂ?@sﬁﬂee&ﬁd’éé:aflﬁd?émt1"’£2-95t%9dr68&§|)St' ng of

met hyl tri oXys triet % | ane %( tri-n progoxysuane

met hyl tri |t§@b@6’§@ﬁ€?sﬁﬂ'%ﬁéﬂum@'ﬂ A3 2-atrabydieagpdtimaetoxvelang: 1 1Bk 3H2Nsi | ane

di met hyl dlﬂmda%éawr@%xys.|thbnaﬂuerdabmiqmtﬂoamanéilhebdauééaﬂuabhpmeL | ane,
di et hyl di et hoxysi lane, tr g/
etrahydrodecyl)tnmethoxysnlane nd (heptadecaﬂuoro—1 1,2,2-

tetrahydrodecyl)triethoxysilane.

8. The method of Claim 7 wherein the at least one silica source comprises 3,3,3-
trifluoropropyltrimethoxysilane.

9. The method of Claim 1 wherein the at least one silica source comprises:

at least one compound selected from the group consisting of trimethoxysilane,
triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and triphenoxysilane; and

at least one other compound selected from the group consisting of:
methyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane,
diethyldiethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane,
pentafluorophenyltriethoxysilane, pentafluorophenylpropyltrimethoxysilane,
(tridecafluoro-1,1,2,2-tetrahydrooctyl)-triethoxysilane, (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-perfluorodecyltriethoxysilane,
nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
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triethoxysilane, tri-n-propoxysilane, triisopropoxysilane,
tri-n-butoxysilane, tri-sec- butoxysilane, tri-tert-butoxysilane, and
andt ri phenoxysilane. 3. The nmethod of Claim2 wherein the at |east one
silica source conprises triethoxysilane. 4. The nmethod of Claim1l wherein
the at | east one silica source conprides Si, 0, H C, and F. 47 5. The
nmethod of Caiml1 wherein the silica source conprises at | east one
fluoroal kyl group. 6. The nethod of Claim1 wherein the silica source

conpri ses t@ﬁaﬂyﬁ@%cﬂﬂﬁnetpﬂy%iialﬁg,r 2 (K¥btaEQiiro-4:1,75€ method of O aim 4

wherein the at | east one srlica source conprlses @t |east one conpound

sel ect ed ftethydipdegpigthaxysilanet i ng of 3,3,3 trifl uoropropyltri methoxysi

| ane, pentafl uorophenyltriethoxysil ane,

pent af | uor ophenyl propyl tri met hoxysi | ane,

(tridecafl oroﬁ%,l,z,z-tetnah drooctyl )- triethoxysilane, .

(tri decaf | Qor o-T1eMeshed ¢f Liaim W’P%S'Ett@/ﬁf %’%'??%?‘h%‘ QUERSLOMPIEES) 1 2H, 2H
per f1 uor arethoysilanetand 8y33-trilaeropropiaimeattsxgsieag) t ri met hoxysi | ane,

hept adecafl uoro-1, 1, 2, 2- tetrahydrodecyl)tri net hoxysi |ane, and
(heptadecafluoro-1,1,2,2 tetra h yd rod a cyl )tri et h oxys i lane. 8. The
nmet hod of Caim7 wherein the at | east one silica source conprises 3,3, 3-
tri fl uor opiopyThe iethoth ok@leim Il ahereirdthe Tdpecaabfuntber empbises achromophaien t he at

| east one silica source conprises: at |east one conpound selected fromthe
group consisting of trinethoxysilane, triethoxysilane,
tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-

but oxysi | dfe, thhemethed of GHaimyidi wharein thereghremenheenesmrsisea A dikydrxyt! 4-east one
ot her conppdqgsirdmected fromthe group consisting of:

met hyl tri met hoxysi |l ane, nethyltriethoxysilane, nethyltri-n-propoxysilane,
met hyl trii sopropoxysi |ane, ethyltrinethoxysilane, ethyltriethoxysilane,

di et hyl di net hoxysi | ane, di net hyl di et hoxysi | ane, di et hyl di net hoxysi | ane,

di et hyl di eBhoxyae Inastiend & Claifd-1tirwHdrel o thepohegiwdghorenednfiisys 2 J4eexadienoic
pentafluorg&henyltriethoxysiIane, pent af | uor ophenyi propyl tri met hoxysi | ane,
(t(decafl@ 0-1,1,2,2-tetrahydrooctyl)-triethoxysil ane,
(tridecafluoro-1,1, 2, 2-

14. A method for forming a patterned layer on an atricle, the method comprising:

providing an article comprising a material layer;

forming a photoresist layer on the material layer;

applying a top coat material on top of the photoresist layer, thereby forming a
coated article, the top coat material comprising a silicon-containing polymer prepared by
sol-gel processing at least one silica source;

exposing the photoresist layer to imaging irradiation through a patterned mask
and through the top coat material;

contacting the article with an aqueous base-containing solution to remove
simultaneously the top coat material and portions of the photoresist layer, thereby
forming a patterned photoresist layer on the material layer; and

transferring the pattern in the photoresist layer to the material layer, wherein the
polymer component of the top coat material is depolymerized upon contact with the
aqueous base-containing solution, and wherein the at least one silica source comprises
at least one silica source of the formula R,Si(OR")4.a,

wherein:
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tetrahydrooctyl)trinethoxysilane, I H 1 H 2H 2H perfluorodecyltri ethoxysi
| ane, nonafl uor ohexyl tri nmet hoxysi | ane, heptadecafluoro-1,1,2,2 48 1.

t etrahydrodecyl )tri net hoxysi | ane, and (heptadecafluoro-1,1, 2, 2-
tetrahydrodecyl )tri et hoxysi |ane. 10. The nethod of Claim9 wherein the at
| east one silica source conprises triethoxysilane and
3,3,3-trifluoropropyltrinethoxysilane. 11. The nethod of Caim1 wherein
the top coat further conprises a chrom)phore. 12. The method of Claim 11
wherein the chy %@ 0 | .~ 13. The
met hod of C ai rﬁ) iﬁ e?rgﬁ,ﬁ%géﬁﬁ ﬁ%¢%tg@o§rglr@nsn§saug?pé ﬂ%ﬁ%% §l|j% aci d.
14. A net Horpriiugroglipf gioup, %ra\da@wahebprgw@groun, an atricle, the nethod

conpri si ng: pqu| ding an article conprising a material layer; formng a
phot or esi st r'“%ﬁe'i‘q?é‘t')‘réﬁpé?ﬁeaisq'89'@9“"3%?)’9?“'%"0&916]5’ coat material on
top of the photqre | ayer, thereby formn ted article, the top
coat material E&d#pl i"g"r‘gr?é gg}gﬁpgbp]tq:%mrgmnﬁ e?ﬁﬁloi)?rér'sﬁr"é‘ QOB sol - gel
processing at | east one silica source; exposing the photoresist |ayer to

i magi ng irradiation through a patterned mask and through the top coat
material; (gont %{e'nﬁ‘&héd‘ & ;&?ﬁ'ﬁne%waé} |$a%98r9“s°inc% RUrCE B gh%' 50' ution
to renmove Simul Taneous oa erra ort

phot or esi RSI@Rk-4 IStdh@laemne dOUmnumtgseieqb@dfmm ﬂ'@cbrplhmmnswngof I ayer on t he
mat eri al [ f resist layer to

t he mat erlrﬁ%ﬁ)ﬂtgm%p% X Igﬁée nﬁétﬁ%ﬁgthbgﬁ"% h%gmlth Hé)tr %ﬁo Pé]@hg top coat materi al
i s depol yrf@ﬁth)ﬂ@tfoaf}@@ﬂx}@Wa@ﬁhYWmQﬁhQWEIlanafﬂl@)dtﬂsthb&@éanﬁnnt ai ni ng sol uti on,

and whereld}néthgd.%tﬂoemtan@rmnéthmmo§ HBISE d rhétﬁ@x sfidnd, €ast one silica
source of th ormul a SI(OR)a erein: 49 cf,ependent ly represents

a_hydr ogerfiethydiethaxysilansy frimethaxysiEne trgthowsianeytr 'g’P'EfGBOXYSlé?"Eerf | uor oal kyl
group, Or tiAsEReEOXFSIRAE, tANIRMXGsiBine UR-sec-butoxysilane, tri-tert-butoxysilane, and

andtriphenoxysilane.
16.  The method of Claim 15 wherein the compound is triethoxysilane.

17.  The method of Claim 14 wherein the at least one silica source comprises Si, O,
H,C,and F.

18.  The method of Claim 14 wherein the silica source comprises at least one
fluoroalkyl group.

19.  The method of Claim 14 wherein the silica source comprises at least one
perfluoroalkyl group.

20.  The method of Claim 14 wherein the at least one alkyl group comprises at least
one fluoroalkyl group.
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R1 i ndependently represents a nonoval ent organic group; and a is an integer
ranging from1l1l to 3, wherein at |least one Ris a hydrogen atom 15. The
met hod of Claim 14 wherein the at | éast one silica source of the fornula
RaSi (OR )4 _a is at | east one conpound selected fromthe group consisting of
met hyl tri met hoxysi |l ane, nethyltriethoxysilane, nethyltri-n-propoxysilane,
nmet hyl trii sopropoxysil ane, ethyltrinmethoxysilane, ethyltriethoxysil ane,

di et hyl di net hoxysi | ane, di net hyl di et hoxysi | ane, di et hyl di net hoxysi | ane,

di et hyl di ei1hoxyl$|b|n?é?ﬁod éfrdléfﬁtw&élh%beat Iéa{sl Gﬁ@QP@é%ouhﬁ%mpnses at least

tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane,
tri - sec- blANGEPBIPPURrEselacted frasm theraipidnassisingeof 3hd  andtri phenoxysi | ane. 16.

The met hodrlﬂﬁoréar@éfﬂu%éthﬁ%ﬂﬁﬁenp&ﬁlﬁﬂ&%ﬂh@lﬂ!ﬂ@leth‘éxis"lbrﬂi hoxysilane. 17. The

nmet hod of C aim 14 wherein | east one sillca source conprises Si, O,

H C, and Rentafigorophrnylpeanybiimethoxysiane, dudesatiase-i, hherteliahydgodyur ce conpri ses
at | east Qﬂﬁhoiy%ﬂ%oﬁﬂidékﬁhﬂtﬁ*@m,ﬁ 22-&traﬁmomljnﬂﬁetaéxy€ﬂaﬁem HAH@E2IRI N t he

silica sourc east one 20., The net hod
of | O ai m PRURGEEYIERE Rt RonarlEneRiymetiPher needtEn i k28 Tone
f1 uor oal kyétr@ydmﬂecﬁ)ﬂnrﬁéthox?banﬁmddqdemédéaaammm71 2berein the at | east one
silica soyrgc east one conpound selected fromthe group
consi sti ng téq%yérogggyl q’%%dagf)ropyl trimet hoxysi | ane, pentafl

uor ophenyl tri et hoxysi Iane, pent af | uor ophenyl propyl tri nmet hoxysi | ane,
(tridecafluoro-1,1, 2, 2-tetrahydrooctyl)- triethoxysilane,

(tridecafl ro %e%%%idéf‘ifléiﬁ%%@%ﬂe)élida%hu*&@&%ﬁﬁﬁf%es3é H 1 H 2H 2h

perfl uoro cyltrlet ane, nona uor ohexyltri oxysi | ane,

hept adecaftifiigreprapyitrime Oxxsé@ﬂeahyd rodecyl ) tri met hoxysi |ane, and

(hept adecafl uoro-1,1, 2,2 tetrahydrodecyl )triethoxysilane. 22. The net hod
of Claim21 wherein the silica source conprises 3, 3, 3-

trifluorop m 14 wherein the at

| t h
| east one rfjlyc-'%'r é%p?%?§§%& fe'atthq %2&8%“%‘@@88[%(@5@('3%5( ed fromthe

group consisti nglecan;t gnre corﬁpggﬁ(c}/ selec‘fil de from the group consisting of trimethoxysilane,

triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and triphenoxysilane; and

at least one other compound selected from the group consisting of:
methyltrimethoxysilane, methyltriethoxysilane, methyiltri-n-propoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane,
diethyldiethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane,
pentafluorophenyltriethoxysilane, pentafluorophenylipropyltrimethoxysilane,
(tridecafluoro-1,1,2,2-tetrahydrooctyi)-triethoxysilane, (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-perfluorodecyltriethoxysilane,
nonafluorohexyitrimethoxysilane, heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)triethoxysilane.

24. The method of Claim 23 wherein the at least one silica source comprises
triethoxysilane and 3,3,3-trifluoropropyltrimethoxysilane.
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triethoxysilane, tri-n-propoxysilane, triisopropoxysilane,
tri-n-butoxysilane, tri-sec- butoxysilane, tri-tert-butoxysilane, and

tri phenoxysil ane; and at | east one other conpound sel ected fromthe group
consisting of: nmethyltrinmethoxysilane,, nethyltriethoxysil ane,

met hyl tri-n-propoxysilane, nethyltriisopropoxysil ane,

et hyl tri net hoxysil ane, ethyltriethoxysilane, dinethyldinethoxysil ane,

di et hyl di et hoxysi | ane, di et hyl di met hoxysil ane, diethyl di et hoxysil ane,

3, 3, 3-tri fAsuor apeGRhdd 'fr&‘ﬁéﬁofﬁyh\ﬁﬁéréﬂﬁwe toP 8B4tHhaAthPdl RMRBNYdrhgriset Boxysi | ane,

pent af | uorophenyl propyltri nethoxysi | ane,

(tridecaf |HEIeRPHOE. 2 2-t et r ahydrooctyl )-tri et hoxysil ane,
(tridecafluoro-1,1,2,2- tetrahydrooctyl)trinmethoxysilane, 1 H 1

H, 2H, 2H- perfl uor odecyl tri et hoxysi | ane, nonafl uor ohexyl tri nmet hoxysi |l ane,

hept adecaf -1,1,2, 2- t dr od |)trineth il , and
(nept adecd uonbe e of it MR BRSHoomoiR rry ees PHARREY- e met hod

of C ai m Zdpthoquiadne.t he at | east one silica source conprises
triethoxysilane and 3, 3,3-trifluoropropyltrimethoxysi |ane. 51 25. The

met hod of Claim 14 wherein the top coat material further conprises a
chronophore. 26. The nethod of C aim25 wherein the chronophore conprises
5, 8- di hydrd@xy- Tha-mathkqst of SdaimrZSrwherein thefthgomenhoraicamprisea RifriEEadigediei n t he
chronophorg;conpri ses 2, 4-hexadi enoic acid. 28. A conposition conprising:
a silicon-containing polyner prepared by sol-gel processing of at |east one
silica source; a stabilizer; a solvent; optionally a catal yst; and
optionally water, wherein the pH of the conposition is less than 8, and

wherein thg at A @asdosBbe crhprish®y; Source conprises at |east one silica
source of the fornmula RaSi (OR )4.a, wherein:

a silicon-containing polymer prepared by sol-gel processing of at least one silica
source;

a stabilizer;

a solvent;

optionally a catalyst; and
optionally water,

wherein the pH of the composition is less than 8, and wherein the at least one silica
source comprises at least one silica source of the formula R,Si(OR")4.a,

wherein:

R independently represents a hydrogen atom, a fluorine atom, a fluoroalky group,
a perfluoroalkyl group, or a monovalent organic group;

R' independently represents a monovalent organic group; and

a is an integer ranging from 1 to 3, wherein at least one R is a hydrogen atom.

29.  The method of Claim 28 wherein the silica source comprises at least one
pentarfluorosulfuranyl group.
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R i ndependently represents a hydrogen atom a fluorine atom a fl uoroal ky
group, a perfluoroal kyl group, or a nonoval ent organic group; Rl

i ndependently represents a nonoval ent organic group; and a is an integer
ranging from1l to 3, wherein at |east one Ris a hydrogen atom 29. The
met hod of Claim 28 wherein the silica source conprises at |east one

pent ar fl uorosul furanyl group. 52 30. Atop coat for use in a |ithographic
process prepared by: applying a layer of a conposition on top of a |ayer of

phot or esi K.t fietop @BRS el a IFBGRHE pRskeds pleplip@By.cont al ning pol ymer
prepared by sol-gel processing atl [east one silica source; and optionally

subj ecting the alpaw wﬁ aqéyetr@pa eoRbodIRINVNitap of Plaferidt Hﬁ&bl%Tsléf %é)éorﬁ;{d%ﬁbﬁbout
50 to about 200C ereln the sil|icon-containing the top coat

material JGOPBIYAGASYEL- C‘EIB%JH'"Q?B'M%‘GF erepared Ry é@t@ba@cﬁ%ﬁﬁ&%éﬂﬁshi"?ﬁ ng
sol uti on, silied sourektesn@i N the at | east one silica source conprises at | east
one silica source of the formula RaSi (OR )a_a, wherein: R independently

represents a hygtiogtysaijesting theflayeof top cadtanatedalftd & cangedrityregsfdiom aboat
per fl uor oag ktX (%%ch or a nonoval ent organic group; Rl independently
represents a ABnoval efit organic group; and a is an integer ranging from !l

to 3, wherein t of daim
30 wherein the%\g’te ﬁ@%tsglgﬁné&dtﬁpcggé‘g@?'gg%%{o t Pterﬁétfa "%%p&g@ﬁ%%%nd
sel ect ed fUPEEXRPRSULS lo@P adueisdraisergonthiningtshlution,iandt wbsngir thaatleast one

met hyl tri I i I SOpr opoxysi
| ane, et %gllt%?%?(ﬁg% ﬁ%}ﬁ@”sélgggﬂ%gét&nesmeé ?‘g{?ﬁé’oiﬂytgﬁbangw gb(bk )ﬁ§/I di m et hoxysi

| ane, di et hyl ingtdipxysi | ane, di et hyl di net hoxysi | ane,
di et hyl di et hoxysilane, trimethoxysilane, triethoxysilane,

tri-n-pr opoxys iR |ﬁﬂ®enﬂémtlyé‘rémé§§?@§<é( ﬁydragbh atbrhl a fludink @XoHS, d ﬁlbeoau%/rgrogfﬁ
butoxyS|Ia rt bUtO§X5|| and andtrlphenoxy5|lane he top

tri-t
coat of CaASHUSO EW@F’?T R %{10"?8%%‘1@%9@% ca source conprises

triethoxysil angy ; 0 _wherein the at |east one

f O
silica source conp%gP%réA%%téf %E?Sealﬁaoraonogﬂantr_orgamc group; and

a is an integer ranging from 1 to 3, wherein at least one R is a hydrogen atom.

31.  The top coat of Claim 30 wherein the at least one silica source is at least one
compound selected from the group consisting of methyltrimethoxysilane,
methyltriethoxysilane, methyltri-n-propoxysilane, methyltriisopropoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, trimethoxysilane,
triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and andtriphenoxysilane.

32.  The top coat of Claim 31 wherein the at least one silica source comprises
triethoxysilane.

33.  The top coat of Claim 30 wherein the at least one silica source comprises Si, O,
H,C,and F.
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53 34. The top coat of Claim30 wherein the silica source conprises at

| east one fluoroal kyl group. 35. The top coat of Caim30 wherein the
silica source conprises at |east one perfluoroal kyl group. 36. The top
coat of Caim33 wherein the at | east one silica source conprises at | east
one conpound selected fromthe group consisting of 3,3,3 trifl
uoropropyltri nethoxysi |ane, pentafluorophenyltriethoxysil ane,

pent af | uor ophenyl propyl tri met hoxysi | ane,

(tridecaflgioro &086\‘&1
(tridecaf Isjor o?%eiogcgatbg?l%%gg{r}vg%wr%tS'P%Jé&ﬁoxym n%%éégbl SﬁOReH 2H, 2H

per f | uor odWesRtyl BeWRxysi | ane, nonaf | uor ohexyl t ri met hoxysi | ane,
hept adecafl uoro-1, 1, 2, 2- tetrahydrodecyl)tri net hoxysi |ane, and
(hept adecafl uoro 1,1,2,2 tetrahyd rodecyl )triethoxysi lane. 37. The top
coat of C erein on silica source tgha?rg%ri ses 3, 3, 3-

trifluoro 0py| PilOR$97H QL 'F""P g(ﬁ]gkerg@ thq'ﬁ' €4 IYreeLomPgFeT R 88 wherein the

at | east @edlusrdalkyegreomr ce conpri ses: at | east one conpound selected from
the group consisting of trimethoxysilane, triethoxysi |ane,
tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-

but oxysi l ane, tri-tert-butoxysilane, and triphenoxysilane; and at | east one
ot her com@@und Tetepceaati off Glaim 8ihwhg1eumpe aldeast one aifjicapsource comprises at least

met hyl tri %EQQ%}S@UH@&%C@@HMW&{@}M RlilPes,3 et hyl tri-n-propoxysil ane,

met hyl triisopropoxysi | ane rimet hoxysi | arie, ethyltriethoxysil ane,
di met hy| ditFsIOrRPISRYItimetaoxysilans; H?‘?téﬂt@fqu?ﬁ?ﬂmﬁ@ﬁéVS"@ﬂeet hyl di et hoxysi | ane,

di et hyl di %h@ﬂﬁ(&bb@h?lpro%yfﬁuﬁetﬁéﬂy&ﬁéﬁ@r{?fliHe@QﬂUo?d—H Wﬁ%ﬁj{drm 1)-

pent af | uoro henyltri et hox | ane |'uor ophenyl propyl tri rret hoxyS| | ane,

(tri decaf IHEIPGYSiEne (tridgcafiuopg-f éﬁy@j ﬁ"é@@l’?ﬂc}w)ﬂ!"i‘@t‘%ﬂ?@? rAl,2H
(tridecaf |p'éﬁru6rol;ledyltaet30xysﬂérfeahMﬁHﬂQ@l@)hé’)ly)tﬁMét'ﬁBW%ﬂéﬂéS héﬁa@ecailaorw,lﬂz 3,2

H, 2H perf | dec thox xyl tri met hoxysi |l ane,
hept adecaf ?t[i’g'ygr ‘%’I')g '?:OA‘V?' ﬁ?@g?%‘ﬁ%‘%ﬁﬁw %tﬁgxym | ane, and

(hept adecaétfamgdmdécyﬂ)tr@trﬁxysﬂamé ahydrodecyl )triethoxysilane. 39. The top
coat of Claim 38 wherein the at |east one silica source conprises

37. The top coat of Claim 33 wherein the at least one silica source comprises 3,3,3-
trifluoropropyltrimethoxysilane.

38. The top coat of Claim 30 wherein the at least one silica source comprises:

at least one compound selected from the group consisting of trimethoxysilane,
triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and triphenoxysilane; and

at least one other compound selected from the group consisting of:
methyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane,
diethyldiethoxysilane, 3,3,3-trifluoropropyltrimethoxysilane,
pentafluorophenyltriethoxysilane, pentafluorophenylpropyitrimethoxysilane,
(tridecafluoro-1,1,2,2-tetrahydrooctyl)-triethoxysilane, (tridecafluoro-1,1,2,2-
tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-perfluorodecyltriethoxysilane,
nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
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triethoxysilane and 3,3, 3-trifluoropropyltrinethoxysilane. 40. The top coat
of Claim30 wherein the top coat further conprises a chronophore. 41. The
top coat of Cl aim40 wherein the chronophore conprises 5, 8-di hydroxy-1, 4-
napt hoqui none. 42. The top coat of C ai,n 40 wherein the chronophore
conprises 2,4-hexadienoic acid. 55

tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)triethoxysilane.

39. The top coat of Claim 38 wherein the at least one silica source comprises
triethoxysilane and 3,3,3-trifluoropropyltrimethoxysilane.

40.  The top coat of Claim 30 wherein the top coat further comprises a chromophore.

41, The top coat of Claim 40 wherein the chromophore comprises 5,8-dihydroxy-1,4-
napthoquinone.

42, The top coat of Claim 40 wherein the chromophore comprises 2,4-hexadienoic
acid.
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