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 material 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 is useful for dry |lithographic processes as
wel | as for imrersion IithogrdBWyEﬁH:ﬁHEdNVENFKHEid such as, for exanpl e,
water is used as the exposure nediumbetween the lens fixture of an

exposure tool and the PRGIGPATIFAR ETHQERABYEPRPGBBEFESPhot ol i t hography is

a process used for making mniaturized electronic 10 conponents such as in

hi's procoss. 8 thin CBUSSBCBERENCE T HELATHRABPECAORSmposi 11 on 16

first applied to a substrate material, such as silicon fer sed for
making | n{QUHkt diis aapliealion Slainm thecbeneBtof Aiedl Reer 35 UrhiEns f ARG garier

evapor at e fiRay.80pateMtagplicdtioR SeRal m.wm_,smmaa%htﬁe@m@)ﬂdz,tzmotsi thethe
coating onto the substrate. TheeEBOt oresi st coated on the 15 substrate is

next subj 8scleguresf ahighis fcorposated Ry sfereace i ISRNYARY-on. [0004] The radi ati on
exposure causes a chem cal transformation in the exposed areas of the
coated surface. Visible light, ultraviolet (UV) light, electron beam and

X-ray radiant energy are rgRCRGROUNLQESTHRIINYENTIOMNed today in
m crol i thographic processes. After this inage-w se exposure, the coated

substr at e [002] I Fak@fesant inventda\relfEsad atop vbatdmatéal 20d thessse theredhith r enpve
O Ak piamasarhs e el S Bras P e e BB
led to thenatstew ¢ladprenty tebppinmscibin watbogidgepolymerires i amadudduepasghy nay
B TR N A T i
exanpl e, protessdsas well HF Rpgrsibauittibgraphy in which a liquid such as, for example,

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, ultraviclet (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 with an optical |ithography
systemis determ ned by the Rayleigh equation: W= (k,A) / (NA) where k, is
the 10 resolution factor, Ais the wavel ength of the exposing radiation and
NA i s t he[0005¢r iThaltrend fewdrds the iniaturizetidn effseniiconelu¢ibAfieviesesdetsdedriiotbd usi ng
t he equati,gon: NA =

redi um ouP PSRN o imPrsies aigFapD et BRGIBRY FBLGRE SRR ons. The
physi cal résvidtioh @nhdndeanent apd bigher mynsdrizabapesiures atiargieen exposdieuvaveleagteen
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| i t hogr apbther pbientisldaechnbligissen the | ens and the substrate is filled wth a
liquid, referred to herein as an imersion fluid, that has a refractive

i ndex gr e§i006] 20he maininum Teiature midth §iV that maly dbeginiateddvitir &1 eptical Nthegraphy t a
193 nm ands18% i RerEReB by ot BpdEEh Bhlatie MR AT AT MR 18] ™™ ©
mat er 1@l , résolulion fazton Risdhé eanelangth of the expbsing radiatipnendrNA & the nomescadn | ui d
for 193nm_impersion |ithography i.s. ultra re ter. T re has
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t han 5% ah i2fhevindd« sfgeftactivant e médiump surobnding thiedersoamubd iskthe avgeptance
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Appl yi ng FH%IG gmeeF% @a%%'msﬁ’ﬁ‘ 'ﬂE‘f f?g%:%e ﬁ sé‘ﬁ% sysagrgumsha AR 4 cda'n reach
0. 93, t hebésaieurtiee laind ahd thor wafeBisnim Aipis|the leaaibdesirablb eoxditrn batausei itsiimdex

resol ytion, of '
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P or esenidqoft  Rhinibrslop cBFarsy, BF spatt Sapuier 1e BRHT R olfale f 88" °°
phot oaci dwithrdigatdy referrecstal hegeih as dindmolerdioofiuid thathase efrapivedhdex greater
level 559 ﬁ%ennf . STheaLlﬂ'ldm&lsl%Q?Irt]%rsﬁgou%rprgfrereasn?ynéxhllb'?t a low optical absorption at the

operating wavelength such as, for example 193 nm and 157 nm, be compatible with the

Hom

photoresist and the lens material, be uniform and be non-contaminating. A preferred
immersion fluid for 193nm immersion lithography is ultra pure water. Uitra 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 resclution 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, the lens in contact with the imersion fluid often becones

cont am napegehtinttheresispfilmapriario expasutdfea) staski adgitives, phbtoacidfgenawatethen t he

d i,.al h i.th h. i
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t . t { ;

bhot or esi STRIR% 8 UrARssREn i CBattayms st B edrebRu mA e PideRasluity, (e

phot or esi ghcH blher.can be m ni m zed. 20 [0011] To fully take advantage of the
anti-reflective effect of the top coat, the refractive index of the top
coat @t e[0009] ( & tpbp shatlis typivallpemploged as hdayen betweendios inorhertsioa liquidtanditheat i on

f th f ti ' th di he. ti
“ndex of TR eRARE o FS I eer Bener e rorpp R e P ate i ke T oo ¢
as i n theimmessidroliquidirA fop doat laggr agphalso preeerdthe permeatiom atthevemendax of t he

top coat material (nt) should be at about 25 the square root of the
refractivgq?'ﬁﬁgkr}ﬁ&f‘%%‘e ﬁﬁhmryi ng photoresist (nr) because the refractive

i ndex of air is._rough 1., Q12 | S r.ab at
mat eri al i?éd"iollller-l{optc a{ %gtepﬁ#r&ag? hﬁéﬁ F%ﬁﬂ tgarcﬁt[ﬂ%alﬁx}sj|lr19prt1 égbaho;rbﬁzgk%\gg@ ein
convemsi oneflectiepiios Dnlths éopoafra EHotorasjstd ihel top anti-ssfleotiviectusit (TRIRC) roatatials
materials such as,,for exanple, tho Li. st NS . ] j.on
Publ | cat | 6 S vRaue GRS BBt 2 gty ke e BB gt Ry Gl O
devel oped dutied expasurey Aa gsoltcthe atitjrabdisnenbiah (D¢ vartiob loé thergemmediicad
base-contai nin evel oper ,sol utions. Us of, s . . i ol yners,
nonever . AU obf BfoBRETs Ritdth Tk ealBRa of ine Vil d in e Bl ERl s, YT
af or ement iphotetegist @loh earsbe Minigiredr, the prior art soluble 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 (ny) should be at about the square root of the multiplication
of the refractive index of the exposure medium (n,) 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] ltis 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-rel ated defects such as,
for exanpl e, bubbles, watermarks, drying stains, bridging defects and
surface paolyireretypicBlicdibsdes it at wayelergties dreater thanvi®Sinen,ywhich deneases the

osi dues. RGRUREY (FORRp A R Aen o g RS8R oTE hafbely ARHia ABRER, 1o =

def ect | eegposurértinesatgreaed pbwemigvdldie scanner shower head configuration and
i mproving 10 the conpositions of resists and topcoats. However, there is
still no YyOGI3] e Amothet dexwbiaok assuaiatedwitikindreérsipndittidgeaphyds defevlivity. Waerer

d | i he. f h f .
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TSt i Ayt phie i slwidledsvsine bt in R
: S, . icity,
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t t ophohi ci ty. whil e mai.ntainin e fas is . in the
o orest BetegRlotel, Baluting odyite it ScatnBrsricher bEAY oiiofibRel she mbAVig o &
Rt ok it it Arp L ivignd I
hoet Tor wolssiat AAA8 Hat oGS W G dripieGTemPIn o ihe Altace S nd GHRI DS
t hat | S i @gpgisu'reln These d‘ﬂtjﬁgaican piaPet'rattfe ftriruu%rrtharnamj@bt ” E;eisultihgnint pttp.h@_ ecigs ba}ze- y

nt ai ni n oper .yet does .n uffer, from.the a r awbacks.
BRER SUniekes ¥R Fpsidt ot ont Hackigh ol wefe Vo welePak e 3P
t hi d i di t t i, t.i i.Si et e
L1 cons oaihalr RecthorR 1he P8Rt IBAR o BB 1o OB BRI (VRBNBotciy, indicating

| east 1®ne tiwt bimeredydrophbbia tepgouttehds wgeneratd legs avatartmarkydefectantioapvérital | y

ter, wh in th il - t ' I d | L. .
to an aqubdsbesnashalinag o Natease S oPtart MugropaRp ol Wl e RN B 365 e
present i misedlutiomraie Pvthd photerasist devkidmer. raddditiprna sucteipalrgptobiczapdaat tray coat
mat eri al ]Jor u raphi ¢ _pr.ogc

einalitho g ss,, the thod . commri.sing;
Solyi ng have Bionst tcphnBRRRRdR PrelEEa cvints PEyBR? crSeRBPURBL . e
-4 leaving topcoat residue defects.
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-contai ning solution. 5 [0018] In another

aspect, the present invention provides a nethod for formng a patterned

| ayer on aompositiar enmmrimgmsmmm comaining palymep prepackidriyy &qlrgamrb@ﬁséiﬂgcﬂ’fpri si ng
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f or m ng afrooedbedt 50 to sbast 200°€, Mb'qar&lrmttte sil'rcatn@pnaimmg)miymen mghtatop coat
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the top cpattemad Eyieabn an drtjole, theomethod compdsipgiqirovidisg an mmmmmy
f ' |
91 .2 AR DR AR E TRl 5y SR R AT AL O
wher ei n t neatdral pdjagentito trmrmmtmamstdéyermaebp farong aoaied articles tl’diatpgloyafer i zed

fact wil / g . ‘
anot her sl e bobfina SBON RoRAR TR Prdbr by b bt propdsia afled
| i t hod®aplene siﬁca)sme p&)«ppsingmdjghoterpgiwayg tairhaging iratiation dwpegi ai on

dj t t '

i T oon- o8GR NSt AP HBSBT kST boay e fITRRHIoh hoC Bl Wih 2 fveays
silica sobaseconhbining solutioe td smeovel ssimulaepusly theutop caat rmateda andaportions ef

£Fom abouth el Byt St e PR FEY PIBEE S aypLoR emBERANANR, 0T |
L op coat : gau mhﬁgg:rgsmbmn ggtge php@nzﬁ?;@ut@th&@ﬂ&tﬂlﬁ@pﬁﬁ@ﬁem the
[ 502115 Th BORTIHE eebher ah e 88 chat il ™l < deRvrreiired biobh S Y, &>

understoodlqu@c;ue;tﬁasee:oata:rilmgesblmtiont he art by reference to the acconpanying
figures in which like nunerals represent |like elenents, and in which: 30
[0022] FI @01B]i lih yettanethes aspeiiibe petsentioeantidn pepvidestatiop goatfenuse invdent i on;

233 st r gt éﬂgxéghquicﬁdoczes%npqep@r& bf H lpﬂﬁr ngaé I%y?r o?%rk\é%o'sf?eﬁladj%wﬁttﬁ %tlgye‘?nd a
of photoresist, 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 agquecus 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. 1 illustrates 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 yneri zation in an aqueous base-contai ning devel oper solution so that
It can be used for 193 nminmmersion |ithography. Additionally, the top
coat mat e[0023] ofFIG h2amd Bk 3t illustratend conveotionab eubaiijatesarstia mbsrtnat@@@cosdinga TARC

2 TaRC | < e af hPRORER AP hlRonPhyorBA e pr ol (bR A oPleRH SHER | Ton of

fine feadurmgpimabirg.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 hydr oxy- 1, 4- napt hoqui none and 2, 4- 15 hexadi enoi ¢ acid, each of which
are capabl e of absor bi NGETABERMPESGRIPTUSORIOF THEMWENTIENI i t hogr aphy. For
193 nmimersion |ithography using water as the exposure nmedium the

opti mal r §9024¢t iThe presgekinkention iITARTtehios ﬁoalcoatsmaﬂedaltcommism asificonf 0025]
FIG 1 de ng such
as. for Eb&%ﬁxrr@rbﬂrﬁércthgt &9138!&% lllmﬁlaF]e?%ﬂM %}nﬂ&vérd(l)éc %\ggé t| C qursﬁfdncl udes
substrate aauecﬁtsl uaamoentaMQsdm@tQpat e@uhlcrntzsqjdet it mn b%.u%eCHQf 193 pintigwnersion

|
cor an o MBGApRT, ABUEALI e SO8 S el ol the BicechPRuon @R G ailIRET.
silicth stwhctas a:'F&BCablthaté)eﬂen process q@otryls:fllmagmforraamrmmm aghievedn,

epi t axi al bglc:IAL{s%(y‘TAﬁblis Sﬁﬁb&h )nggrb Sl‘bﬁgctéd Ibg;flit 8'h metranﬂlgno ?cﬁrﬁﬁg silicon

di oxi de, er exe Iar es I NC silicon,
al um num f&aturpal ¥he tapccaaé of the present mvewt@o caa balre@dlf'ewbtbmegmata TARG by one

I b
a1 21 SRS o 75hg 5 L ) Gk BEte A Bud pbBNE s S 10 e
one nat esiitdblé eyremopbonps aIfOBJdabfoy BEWEI %éshra/dmsﬁm-oaptdo@uumer and 2.how or
hi gh) 1%”‘951?* o@g&?j Ce%{&ﬂé g/ﬁrca o &5 abfeutgr}:bggrb rﬁ fde Bg? manuf act ur

of hig nce cir evi ces ass ciated chip carrier
packages. |Mets¢tﬁﬁﬁf_||ogm;ﬁlwr rRand 9agai imnersibh d]ihog[apay Iualylg watér asdbe expaaUre s

present O%ebd?tﬁ'n QEI Bhﬁmgﬁe{r&ﬁ% ﬂ']\(dextf&' ?AR&%&HQ nseat5m1tt qrd t@l '}' ayer 15. The

resi st may be €i fe posrtive or neg il positi Ve photoreS|st

coati ng, r l;afgp g[?;é phi | e
t he exposi@tﬁs?egzéar %ﬁgsagl ve ?@lrf’%‘i Isq'Qaé eII ?@%Eﬁeﬁ rgl.'é@ &i%%?o I ng,

t he example, in an immersion I|thography process Arhcle 10 mcludes substrate 5 Suitable

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
I's approximately 50 nmthick. A material 40 (or top coat material)
according to the present invention is applied by a coating system

(descr i bewvhiletheoeeosetbamiab abedissglvaasaveayt dp acwegativerphatgresitt edabingrtbe ect i ve

| ayer 30. EF‘I%S% o%gu}ge done at any tinme after the protective layer is
applied un the“dGbstrate enters the projection area of 10 the

| i t hogr aphy 2Pk ?éfgﬁmp-{(? P|cf 0Iata Iép%}%'oﬂ;rcﬁ%tl{n? rr%ﬁeera?fs??%é/ent abo the.
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using vt SFoLARGRE e pre e i9Bhich 1€ abBieh S o FAing ¥y (A Bl fimetd 100 20T
mat eri al ldstallmetompraa‘ & topldoat om taphef ttne;ptgtecbﬁe lagdrodf. "ﬂhlScamedﬁne {itH]WS} Top
cont am najre orEh uEHpRLA Biari® ol (/8 pubatd oo PRAIGERTRIA' 0,
Accor 8 ng thajlltlncbgaramleapmraiuavé' op |coat matepalcidds pmereblvabnmotaﬁepslweeamblsy

1501 UbI© o Bast Rl b 3ot SERANCE P GRS brAL pRebibnBRaRel i 0uS

base- cont &1 N rcally re 0-°as a "devel oper' by
t hose ski kbmd embadimeerds bf thMr&mﬂlnmﬂmnnthetcbatlng eansnitdesohycneofithenbl e as it

component SEIRE ML REcL pégh oS Rk % NS RERIRG B prblefes ™ Y0 T
25 ?nd nomamrlrak It Ehereferatge et trentdp coatonaterial dwpe aeefractive mdeximiheaarge of

030 T
Coat o cFPAR 110 kepTet SFa BT e AP L he BT EE R Blrostis g 2"
sili con cmddwnmlthgrqj[dcyvaemdeﬂ' bfethedxrmmat triatetialisymdsi prdienablyric thedrange hér

constitueggg tslgfg 3s, but not limted to, solvent(s), a catalyst, a
stabilizef o4 e'r as detailed below. 30 The conposition nay be prepared

prior to n p,co ter Ition may
be for medi@fig’ QOQQS? e'ﬁé@l:'gl ‘{%ﬁﬂi aA Y %%t a?%eC%F hﬁérﬁl ﬁg”%f %% Qﬁwro ] In
preferr edcemtbmﬂnamtsnirsthafcasledhé protettive layet Bkissiot neededc ont al ni ng polyner is

preferably forned by sol-gel processing of at |east one silica source (also
ref er2@d {@029] According to the present invention, top coat material 40 is preferably insoluble in

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
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-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 organi c groups such as al kyl groups or aryl groups.
5 The term "al kyl" as used herein includes |inear, branched, or cyclic
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groups need not be identical to each other or to R'. In addltlon, in the following formulas,
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, ethylphenyl and fluocrophenyl. 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: R3SI(OR )4_a, wherein R independently represents a hydrogen atom
a fluorine atom a fluoroal kyl group, a perfluoroal kyl group, or a
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25 isobutyltriisopropoxysilane, isobutyltri-n-butoxysilane, isobutyltri-sec-butoxysilane,
isobutyltri-tert-butoxysilane, isobutyltriphenoxysilane, n-pentyttrimethoxysilane, n-
pentyltriethoxysilane, n-pentyltri-n-propoxysilane, n-pentyltriisopropoxysilane, n-pentyltri-
n-butoxysilane, n-pentyltri-sec-butoxysilane, n-pentyltri-tert-butoxysilane, n-
pentyltriphenoxysilane; sec-pentyltrimethoxysilane, sec-pentyltriethoxysilane, sec-

30 pentyltri-n-propoxysilane, sec-pentyltriisopropoxysilane, sec-pentyltri-n-butoxysilane,
sec-pentyltri-sec-butoxysilane, sec-pentyltri-tert-butoxysilane, sec-
pentyltriphenoxysilane, tert-pentyltrimethoxysilane, tert-pentyltriethoxysilane, tert-
pentyltri-n-propoxysilane, tert-pentyltriisopropoxysilane, tert-pentyltri-n-butoxysilane, tert-
pentyltri-sec-butoxysilane, tert-pentyltri-tert-butoxysilane, tert-pentyltriphenoxysilane,
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25  tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)triethoxysilane.

[0034] Particularly preferred silica sources of the formula R,Si(OR’).,, are those
wherein R is a hydrogen atom. Examples of such particularly preferred silica sources

include trimethoxysilane and triethoxysilane.

30 [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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preferred silica sources include trinethoxysilane and triethoxysilane. 30
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} fh;;;ﬁ@ﬁégg éte?éé%e;‘éﬁr?lélﬁ)@ﬂélf g%e‘slﬁ)%éﬁ%ﬂ%xyési%kane, hexaethoxydisiloxane,
3- dEBt hdweyaphehoRydisitbrane et higitetramétbaant 3-dim&hyldisiloxane, 1,1,3,3-
t hoxy-

1.3 3-tet 1 di sil d g -
_di et hd e}h%yﬁ%d{r@@{}ﬁ%ﬁ%ﬁ%l ﬁf’?%&ﬁgmeth&(y? ﬁé@%‘?er}ﬂdéﬁ'lg)r(arr?d 1(:36 npounds
hexanefiretitge-$ 1| 303-snmmetisptdisitohane, di S diethoayd, 1,2.0-tetearagthgidisitganej 1.8xane,
3, 3 tef b O)t(yh? ,)W:S_,:}-te%r_a%hgr%}lé}gi og(gﬁé;k,%i(q?er}ﬁbxy%,;};ﬁ-?&raphenyldisiloxane.

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

t

1
t

1
d
1
d
1
a
1

RO Ww

25 include: bis{trimethoxysilyl)methane, bis(triethoxysilyl)methane,
bis(triphenoxysilyl)methane, bis(dimethoxymethylsilyl)methane,
bis(diethoxymethylsilyl)methane, bis(dimethoxyphenylsilyl)methane,
bis(diethoxyphenylsilylymethane, bis(methoxydimethylsilyl)methane,
bis(ethoxydimethylsilyl)methane, bis(methoxydiphenylsilyl)methane,

30 bis(ethoxydiphenylsilylymethane, 1,2-bis(trimethoxysilyl)ethane, 1,2-
bis(triethoxysilyl)ethane, 1,2-bis(triphenoxysilyl)ethane, 1,2-
bis(dimethoxymethylsilyl)ethane, 1,2-bis(diethoxymethylsilyl)ethane, 1,2-
bis(dimethoxyphenylsilyl)ethane, 1,2-bis(diethoxyphenylsilyl)ethane, 1,2-
bis(methoxydimethylsilyl)ethane, 1,2-bis(ethoxydimethy!silyl)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-diethoxy-1,1, 3, 3-tetraphenyl di si | oxane. Specific exanpl es of these
conpounds bidimethorydiphany|silylgticane, 1 @gisethokwtipHenylsiyl}dthame, 23- 1 ncl ude:

b1 o(t 1 pheREes RBpRARRE. 1 BElfs B RS RRECT )1 ) met hane,
D1 5( i ot hoxypheryl oL YL ket hane. . B SCRot pory oet el | YL et hane.
bi o et hox PEPRASH MYEIBtRaRE, 1 SRR DRE e B hane, 20
Bl s(et 5ox3r?¢§(¢ibt_hloxﬂl¢siehylbﬂyt11)ptdim2e,b1 ,3-,b%{r!néth(3kydimemltﬂs?kwpr¢gdn)aei Bane, 1, 2-

triet - t ' , ,
bi o( ci et RO HERHMERY b erama, & P mPEPARI ROV MBIHREE: 97 Eohane, 1, 2-
D1 S et horyoh et el &1 Lyl et o4 22 B (et oy methyl o1 11 ot hane, 1.2
-12 bi s( nﬁigtgwm%%@M}ﬁ'@i"li‘;‘?;@?W&%@?Xﬁﬁ@f’{?&@@&{hoxydi gheny%/si lyl) et ,hané,
51 901 L] PhenOShL Y LI SaEe s b ofdl ot o otk & Ly1 ) pr opane, 1. 3
bi s( aigt h%@%ﬁ%ﬁ%ﬂy%@ﬂ@bﬁﬁ@e'?’fsﬁiﬁﬁhg’(y&hﬁ@%%@b% Vsi Fyl I)o propane, 1,3
2. 3 "bi's( oL hoxyd pot Dyt Sl XpE ORANE - Lo s ot pax vt Bhenyl 4 Y1 ) pr opane
and 13 %{ws%ﬁm%\xémf@%t w%’argef%émxv?ﬁw%?@?%%b%%r¥ed conpounts
oS o ARSRTILIR ST HoAGBR BRea d3b LEBEARIUAIT Ml a1
T O e et Bt e i -
b1 (b hoxS TR S SR SHrpatkr s Be e S PTR, HisRpIea PO pTABE formute:
[0037] In certain preferred enbodi ts of the present invention, Rl of the
formula RaSIi(OR )4 _a; R2 of the fonmula Si (OR2)4; and R4 and/or R5 of the
formula RBb(R O 3_bSi 15 (R7)-Si (ORg) 3, RSc can each i ndependently be a
nonoval ent organic group of the fornula: 0 C CH3

/C\(CHQH/CHE

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

20  butyitriacetoxysilane, isobutyltriacetoxysilane, n-pentyltriacetoxysilane, sec-
pentyltriacetoxysilane, tert-pentylitriacetoxysilane, isopentyltriacetoxysilane,
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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C Hn wherein n is 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,

I sobutyltriacetoxysilane, n-pentyltriacetoxysilane, sec-

pentyl tri seirinstedisilieagourcen! Theﬁhmhhmfefmetlnnw@ silicansource preferably ranges

phony! 11 08T S8 P03 re 3B AOBRYPEake bisr5 Bl TRl AR B0t P APRUSOMTR 1 ane

di - n-pr Opxahd,l raostippefg sEblyg rem 4bous 001 wab@t&oeﬂ%&né esrapositicnnemployed to
butyldiac?tox si_| ane

oY ot 2o R eoal Btous] 4ch Frebitely. e S0RR0RE 1RRDelvLgraue. AE oMY o1 | ane.

O theSe gesgpounpentafiurssifomngbgroiup mnledwiﬂ\eanﬁdrh)dmdioacw!nwmjdsane are
preferred

di t f th '
o1 of or 1 o PRAMTIE 2R GabOR e it ST B o teind Y Syl SLh b
conpr :c Ises flabrinesgustistitakion fundtisreatb krl)dreﬁedb@fllm 9]§ydrbplmbdmﬁ/d kithogtr abisprbiray 13
ent a uor I‘ ectli v rererre herejn.as a
Pfl uor i na@gavgnq L@m’%g @ d)eg ch %ﬁi’?ﬂgﬁf bHs IpETEBYS WJ{VQBOPQ P'icl%m%urce
p lr3 ef ter abl yontabgieo ttHe{5 %ﬁ@ubf ﬁmeff&rrﬁamoabﬁ;ﬂhte‘tglfbplét%anﬂm&ncp,rﬂgrﬁﬂmtly f lr3 omt
apou ou Ia 0 abou
0 ut ot Tedie don e PG el daselts Sp H Sinsratel YR dafndu kil
Prefe ][ fibl Yhe :hﬂlnlgnuaindblmaid thaethe |hv@rro§ad>thmty @hmegadjmid bmasmmllinlg!théaugnmtp, or
ent a UOI’ u uran . i ncl ude ear I cne r..Cycl 1 c ogroQups,
o ol i ot Al taiis i the Sllcd BGurke BramBES bf stk HBHTteR Bl Ffrfeshaies
fsulbsrﬁt [ tﬁt 3@13 3L!r|ﬂbﬁoro'|3i°@yltﬁmgtmkmgﬁell}%htaﬁluhnopheriyltﬁeﬁbmsﬁama i ncr eascra] tge .
| S ro obliclt ut . absq N t he esire
wavel eng%ll‘?eﬁ‘“i%ﬂgorf’%? Pyl A %B%’I (ﬁ'|dp§,adfﬂw qn,g#‘? Wﬁjﬁygr@fi [)'he
prevensi Olﬁiétfﬁoﬁybl%nfeo(tﬂ@édaﬂﬂbr@f‘! mmétrdsy@mm)chomm 16 G 2Hj2eBNt | y 10
reduce the &ccurre ce of ter- def et

k t at
or di nary  ORMUPIIdREY ey RnE o Par SR e RER SR M HIASBFETBPE 15 %% be
g(jj US][ ed bétr#@ﬂﬁoﬂ@by}l)trﬁﬁeth?ﬁjsﬂmlar(ﬁeptaﬁecéﬂm-ﬂmez atonms in the silica source.
a es rinate i ca sourc
L by 1 My EhI e e iR, PR Rl a IR S S e VP EleRsyVsi | ane.
pent af | UOFp@ﬁthﬂﬂM’oQulﬂiﬁaﬁy\-Bltf@h@géméthm1 pentaﬂuorosulfuranyl -3-
(trldgéafl trah

00C |et SI| e (tridecafl uoro-

b ApirPeRa Pl e boSiene

perfluor O?Qﬁwflﬁémgmlhmﬁltﬂétﬁoxy@?n%dw Qkpimldflhbﬂo@&lfd‘rQMW$I- | ane,

hept adecatf | uor o- ?. 1,2, 2- tet I’f?fg% dec tho%< %I | ane,

( hept adec dgthywsil yir]efgge s1-pentafluorosu uran}jll rlme oxyqu -propenie, 1-
pentafluorosulfuranyl-4-trimethoxysilyl-1-butene, 1-pentafluorosulfuranyl-5-
trimethoxysilyl-1-pentene, 1-pentafluorosulfuranyl-8-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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tetrahydrodecyl )tri et hoxysil ane,

1- pent af | uor osul furanyl - 3-tri et hoxysi |l 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-
pent af | uor osul furanyl -5-tri et hoxysilyl pentane, 1-pentafl uorosulfuranyl-6-
tri et hoxysilyl hexane, 1-pentafluorosulfuranyl-3-trinmethoxysilyl-1-propene,
1- pent af [a01)s i bikenembedirientsnaf theopresedtyrventidiny ttiensilica source may preferably

- fl I | -5- A h ' - 1- ;
I hent Z; | ﬁ%\?%éﬁk Fi @?%ﬂ%ﬂ:%‘%%%%%%é?%’ﬂei}% Enieé%if?ﬁm?xazp@i ohinese
5- t ili i c ighe, tmethytria dli et ' i ,
her eof Sbh%, . %jf‘ O tnl 2o L Ca SO e oS T e p ;W“;‘ggg‘yﬂ Win the
oresent i RUSriRreb Rt ko Sfnd et iach oy Bns HBEEIREROLGIHG "5
e e e e~ 0030 o
ic ,
o oo SPUERRS pfeast B elbrmeVifie 1<aRE el drBf Rufibidrtio, e 50
T e Ty v o (v
ich is ,incorpo A ) X
silica somec%ar%iq?ﬁé d M50 r?(ﬁ%mt hat produce a Si- H bond upon
i mi . i _ h Thodi of . on,
11 ca solthag) e Aias bolde dielis EOL R hEr ud o KRR SERbn S B Ot o T
bonded0t o cydlie, @i branched dakausilibes, alinebheyelic, si branchesimilazare, arpolyhddral
tetraacet Oﬁ%si | ane meto%l triacet ox tﬁ%"lﬁ§ﬂe’ et hyl tri acet oxysil ane,

phenyl tri a Q%?{Vsﬁ'lﬁﬁ??é',' P?’aocfé?%%/e | met hyi di acet oxysi | ane,

di et hyl a ysiLan I et ' i L to the at

| east onef@ﬁcy g@ﬁE%@g(\?\#l@Fgﬁnoqﬁeggrglgﬁq@eh@@ﬁrogié}'r?g@é“ae% alﬂgast one Si atom

having a ocegdnosijdxahes g}egpngfea'eu aiticee sourbes. ewtablelgannsitpues aridon nay fﬁrt her

conpri se I ti.on Si SQUr,Ce av@nt he

car boxyl a?gdj"gﬁ)%'g%ﬁé%ﬁ 'FSII"'ﬁ%'ee@i' (é)[aélﬁ;}@f?b%g%bré]ﬁ%htegﬁ%ﬁég%Sr@&yaclg ﬁ%‘; &'so be a

| i nean5 cyhkerecn isoan integecierd 1stol3p Rirand R lareindependedtic gtdbast one branchad bed

carbosi |l i ape Lineay,~cyeclic r br e L ral

ol i goneri g{}g'pp{;@fah?b_{?a%%/&y&gr%pg? ﬁr‘é@é}ﬁﬂe&@n\’.aa%%@%]S%Pgﬁg%éﬁgog enmbodi nent s

of the pr essutistitutaceeyicloatkyl gnogp(@g., byohastyd,eyclobexydin a<isltoCanpatiallye preferred

silica sources. Suitable organosilapes. an ol gaposi l_o i.pcl ude, e.g.:

(a) alkyl EP?%H‘@?‘#@@@EM(S%-'b%FgﬁﬁPén?’SPﬁlﬁq‘é{')’Fagﬁ& @ffﬂéﬁﬁﬁégo\%ere nis an

i nt eger f unsabktituted3aroMatia (elg.RpBerant, dolilh e RTde altdrpativielyl leasite ¢mg., br anched or
g

20 methylsilane, dimethylsilane, trimethylisilane, tetramethylsilane, phenyisilane,
methylphenylsilane, 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 octamethyitrisiloxane); and (c)

a linear organosilane ofigomer represented by the formula R'*(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, octamethyitrisilane, 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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straight chain Cl to C8 al kyl group (e.g., nethyl, ethyl), a C3 to C8
substituted or wunsubstituted cycloal kyl group (e.g., cyclobutyl,

cycl ohexyl), a C3 to Cl10 partially wunsaturated al kyl group (e.g.,
propenyl, butadienyl), a C6 to Cl2 substituted or unsubstituted aromatic
(e.g., phenyl, tolyl), and R2 is alternatively hydride (e.g., 20

nmet hyl sil ane, dinmethylsilane, trinethylsilane, tetranethylsilane,

phenyl si | daest onerakby piky baddelrsweery a lpahek $i stoinansuchtasr 1, 2-distignasthaee,
ethylsila

dlethIS|Iane | di et j | . enaxysi | ane
and phenogﬁf’ p('-agse %{mleFW@&?CVC%BQHSS{?@?%@%@@Ié g\fci%&ﬂ:r ﬁg' ?‘/or mul a
R11( Rl22lSldametByIRlﬁ&-x\,ﬁeﬂcﬂ(amt/)ctlme&ane rlIt,Bgilmeth)fllq-riles%?—bxac&ﬁtﬁhmneypm (2:5
or ganosi | 0x L.epr.es 0 i.Qn erenis an
i n?eger f(r)D ‘“-E'B)?Si’e “éﬁ%‘ 1y4§ﬁgd"ﬂfg"g§fj@b%§z%?r C%f above (e.g., 1,3,5,7-
tetransgt h;(ﬂ:me@iydﬁil&!l)ayebbhmnanm cartdiraerabbdineris| theatrgawisllanefrganosiloxane
hexanethyICﬁclotrls | djsil oxane

1o SPr IR Rt Tk P SERERE Roa bR R sina flan coice B) 4
{N;qnear or garbesylhienen @Ikyg@raadlemamheaﬂ rtteayby strhieed cyc‘rinlggxrﬂéﬁcﬁé (251 mgg ngltz)

erenis__an |, C i Lane r esent e
t he for nul@PYPY n@?ﬁ?“ ‘e“%%mmﬁ%%st &W%ﬂ?@d& 9"8%6%5"?)63%?8%’}1%5 Rt 1 ané
R12 are a&lrdéﬁM@ﬁﬁhc@Q@M% G trimethylsilh)-108- treﬁabiﬁhdg:aghgw!:‘giflﬁygclop;ntadlle;ﬁe

{ a I Xydl Sl

hexamgéhyl? 'ﬁ'll%aceﬁé?Qﬂaghﬁqut%ygﬁﬁﬁ%xﬁ;@n% 4,5, 6- hexap%enyl hexasi | ane,
1, 2-di net 1, h d. 1 | di sil
L ot S e e b A bR AT
cyclic al koinosgdnitacioor basa thattanadatalyize theaysdrolgme oalstktmtljuterrts &bkythelsmcaige
liegwgtagl ?g ﬁﬁ%drgg'ﬁgore%qtr}%gfoﬁyﬁgq aé]adggrljﬂa%ﬁc? ' Qszﬂ%?\eotf tv@o gmca sources to form an

1, 2- bi s(t ISi«eShyridgel Thg)oatahistbart baean oﬂgabfc base such as, but not limited to,
dlﬂEtE¥|-l-S'|a-2 ' 1-si| a-2- oxacycl ohexane,

{% 6- di oxacglﬁsaoh %ne rret h|¥|
s ({MPIFEATY PEMRWR & Y 'qﬁssf N Y benzene or 1,3 5
(di met hy : sétP?théthMQﬂnﬁWmLmﬂ%mlhés Mtalp’mmjaaﬂcmﬁ ag'dhe*tlary amlnles :-smdd f
or ganosi | ane/ or ganos ains a.reacti ye side group selected from
Oh o L P AR nsreaSe sEBPiens of ariigsan B BN, et 8 o
phenyl Flt I‘nmgdargc acidisueh a&gbucmtlIinﬁtegrt@umnjaldidah@ﬁodimnrﬁlléhd gndsplfwmi atid.can
sterica nder .or straip the organosjl an anosi | oxan a
St et iyl 7 PR Esg TedanBodimens, 186 RORBR} SRARCGRINEE M E! But 7ot ifidd o,
'([j ri rrelzbylt)mdlaibgcyxah@maﬁ@%mm,glyb6||ct glyﬂiﬂﬁlﬁ:}dcﬁi lc&dlcanmh&tm‘ ralgtllilresf thereof. In

i -tert-but ac e catal yst. suitabl.e
present i H@gﬁ%%?fe elrrﬁ y@@ts.ltﬁ% F"i‘fgbfgt '3A/D aHP'b%ﬂ?'&! sugf as. but B(C&{r”rhtegm d or
base t hat t@,a;maﬁmbanmmrtdaeln tyslmektsreferred embbdiments, ¢g cathlysiis tide sitlic ca

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 (TEMPOQ), 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,
diphenylpicrythydrazyl, 4-tert-butylcatechol, N-methylaniline, p-methoxydiphenylamine,
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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 c base
such as, but not limted to, 15 quaternary ammoni um salts and hydroxi des,
such as ammoni um or tetranethyl ammoni um am nes such as primary,
secondary, and tertiary am nes, and anm ne oxides. In preferred enbodi nens
of the present invention, the catalyst is an 1inorganic acid such as, but
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g g g' é E %EJ vgrﬁtg:'lﬁm téelqnnestel%g "%gﬁ%g? 8%%5!‘( ':Bﬁf:ef\/li‘sﬁ any liq I| tUYCl grysqugﬂﬁ Qellﬁﬁﬁethat

:2)) Z er5 t- : lrorjtﬁydavdffmﬂh‘uﬂkwwhh tel cﬁher&eohmmegtlelr%t:jusi? ’g‘%eﬁlfﬂmxmamesel provides opyl ester
di phenyl pi ﬁﬁﬁeﬁi}&& fﬁﬁarﬁﬁ?qréppswgep %’8‘8%%?!?& ﬁ%ﬁ@%&ﬁ?&?w Qﬁg rr?e‘y

p met hoxy dheft esagt partial, rerrﬂ:ﬁediupdirewlngrﬂ eleexposure to an energy source such as, for

ot addey | SRl sobSis A S iaP ol kAT e ER nouee

(et hyl enang 3obeuti that, for exdwiphgl éxlﬂblh)edtmwwwmqeajmﬁﬁtmpmmwects
phenothia I nes

A T L e
4- hydr oxyhryeploﬂmrrmaﬁmd subsiratea Bahentst ¢ansbe alcohol solvents ketone solvents, amide
2Ty SR RoLER Qe LR B B o o S et et o
2, 2" - got hyneodiments, Gmtaefrtmdwtylk/erﬂls uses vl the psahyihvarition have relatively low
(benzy L O AoREL.TE) b 1% U TRbe s i Bk B helARlBa T S, 2
isomers of propanol, isomers of butanol, and isomers of pentanol. Other solvents, that
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-pentancl, propylene glycol methyl ether acetate (PGMEA), ethylene glycol
n-butyl ether, propylene glycol n-butyl 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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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 least partially renoved upon curing (i.e., exposure to an energy source
such as, fronmgttekabpleanahbauied sohesemnin combimation of twgiaratdre splyentasén i n t he

present. | Qyant L OBIBYmieRE] 1HL%oaRY a0 Y ABlcd B or il SRR Y S

solubility w € reagenht s/ conpone e Viscosity o

m xt ure, évdbolingpdiatst 2.1 hodlingupdirds belowri€i08@. of t he m xture upon deposition
onto the substrate. Solvents can be al cohol solvents, ketone solvents,

am de sol[847] s Thglcpowbsition opticnally gonprrisies avaterr VWatex épresendin thet er sol vent s.
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i somers of butanol, and isomers of pentanol. Qher solvents, that can be
used in t [[R048] edlgs prefervarhthatthe lsomphsitien ofdhe preseplonyantionberewhisd ®p ¢agt| ude

di met hyl f i A8 e i A | t
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ether. Sti I v ol e fes, and
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conbi nat i ealuefof theomixturenoarebe chivdated.using the falibwingeguatidro@)nent s, t he sol vent
may conprise one or nore solvents with relatively |ow boiling points,

i .e., boil pAgdFoiag({equivalents bbeitong a7 eqUivalentsob stsongd basedd toteh mixgure)]

conprises water. Water, if present in the 5 conposition, may function as a
react adt Whenttbe myohbet gfequivalentshef sdiohg acidsoless thanwae sumbarof eguiveleatsiofas a

sol vent a@ﬂoﬁé b tr?e%tthgiA@id%fu@&f #e mixture can be calculated using 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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[0048] It is preferred that the conposition of the present invention from
which top coat material 40 is made has a certain acidity |evel expressed
by the pAcid value. The pAcid value provides an estinmate of the acidity of
the m xture and can be cal culated fromthe 10 ambunts of strong acid and
strong base in the m xture. For these purposes, a strong acid is defined
as having a pKa of less than 2, and a strong base is defined as having a
pKa of itstagejim@etpeomb,cthebrcgmag&pelym’ehtyplcalgr grEwaﬂupIrea;:tioh of imiterpclasteds
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at a p Cl V.a

| i i | d
To 55"t he SouBioit Symeas sty SRR Bty Eofteialan s et Ber P ) ©
corr_pl eis Ied eapostiee bﬁ/snllcoha:ostaagmf pcblymélfmac mmmst etro arimwsos\ba@-?mtaimpg ]
1 r ea u
PR e sfEe 08, S itaatLestlis indhe fioBh Rk e ion i Phe RS SLLS
pol ymer i zapéecekss. oih this gégard,'thé eclgeh polvimieg bémpguitizing behaveeas detaileakiarSal-Behd

Bg?;?rle)rlgl §| gnelgsg% Lﬁ_} I’ Pagy]t !hrqelcha gb%@nsg}tgql gﬁ%ol %‘?eﬁ:ibro(c):ggsu];q?rbrspff1 %e]‘freysEﬁlnkXIp pes, of

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

[0050] In preferred embodiments, the pAcid value ranges from about 1 to0 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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5 Thus, non-equilibriumstructures are kinetically stabilized because bond
breakage does not occur and they are unable to re-structure without 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 polyneric
species is nearly conplete. De-polynerization occurs at the weakly
branched sites resulting in the formation of additional nononers. Since
there is aniktaregst alférr&!eralhﬁe rahgaGerEmaly fiain t30etoSIPOLE prefechbiynfesra 2040 100°C,

significa nerjzation of the net t he typical growth hani sm
is a mnoﬂ%’rodt(?léj %ﬁ" r%ﬁé“lo.mp@is@@fﬁc?'hg? r?%‘gﬁ to %8\"9?%#9?5?‘? g‘ﬂ'%rcé’ﬁt,egf@hs are
rate |im tceAdiding ceadtdntratigh it diGbUWRS tHr OISRt i exenB&p of dinslpreppiationcal i n

nat ure. Under basic conditions, the rate of de-polynerization of the

si l ijcon- qmmai rnewsunodl whep cost mh@ﬁhlfzmaratquémveith mbmneselne‘nwemte;noﬁay
condensat i, on e 15 osure Si on- cont ai ni po c top
coats Do bR CaIREiTe b 2% SRS praratpr ko BikSe GRfled in el ST Frc.i 2 1
t he de- pole)(ﬁmplezdipkcwmj oﬁdﬁemhg@(npm caatihg, IRaldrblseed dapesities,. aekssol hi s regard,
t he sol - gel [of0) s behave gs detailed in Sol-CGel Science:
The Physi @gr&g@y%%tﬁgrlw poqgg]g ©8%ing, by C. Jeffrey Brinker and
George W Acade ess 1990, which is.,incorporated
her ei n by [&%ﬁrg ng?rEeéﬂTB‘eé@f“fPﬁ%ﬁe%ﬁqﬁH‘V&ﬂ%%‘ddﬁ%?ﬁ"é" (tﬁﬁ id val ue

ranges ;rmtaiémuo |slcérﬁe&ouﬂbymuﬂ-cowr@f;ﬁ?c@d mmemm|mentMEﬂm d VS' ue
range rom about tain ef e t the pAC

ol v Ry SBlREG haductso s saivert Bl i it and PRGIGE Arded bFafE

I . e., havitngfiral ptiapositiorethat ltsh@ddyZor dlépotsl'aen ﬁyxt)uemmp% {dpirgdat dhpogitidnl d val ue
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20  atop coat in a photolithographic such as, for example, 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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for O to 24 hours. The conposition can be regulated 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 by any suitable
operation known to those skilled in the art, such as, for exanple,

di p-coating or drainage, spin-coating, liquid m sted deposition, aerosol
sprayi ng, tee toptdoat mhtetial degotynwnizes upaadipogurete mataqaasus paxeentdimingr ef er r ed
enbodinent% gf the present invention, deposition of top coat naterial 40
Is carrie Wd? by a spin-coating process. In one enbodinment, the silica 10
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wher eb& t ré%b%:»ldln!lecn [ tt(%eO Q(t;c%lrrglnggop c?elr%fﬁeéeflecr:]s sﬁc%oas, for example, water spots are

significantly reduced due to the more efficient removal of water from the 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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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 (wthout the top coat material 40) that is covered, at least in

part, with imersion liquid (not shown) during imaging. As illustrated in
FIG 2, bepteisd boblleand/paparticle aizedd 1 ium sdfer bestepesoonaridedhe thicnessoof the 80 nm
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hi.n 0.2
optic ech@@tpg'&'QrﬁEWygg L{sﬁgse resulting fromvariations in thickness of top
t ter 4 , ' d. . Th ' ' terial
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enbodi nentradiatiort dteirge ssbrds Lltrendoidti (00 to 4@pnro)) atsibien (400ital75a @) sinfrared (7% cker

:)thn i %pg ‘%@YSA ﬁnqgtrrmcr%t/vagg ?> P (5‘35),J aen%triaglg- rloeceqagrlacy%t%g)%anv%?e%g{h% ol? %RQJ.;& &nd/ 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 ¢an 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 detaited in FIGS.
1 to 3 wherein a protective material is on top of the photoresist layer. Thus, the top coat
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di aneter ratio should be as close as possible to or larger than 10 to 1.
The maxi mum - 21 expected bubble and/or particle size is 1 pmso for best
performance the thickness of the top coating 24 should be at |east 10 pm
In an enbodi ment, the thickness may be at |east 20 pmor at |east 30 pm
and up to 100 pm above which the coating may beconme harder to provide and
cost prohibitive. 5 [0060] In another aspect of the invention, top coat
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20 and any gaseous by-products of the exposure to light are removed. Dunng 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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to the photoresist |ayer, thereby formng a coated substrate. As used in
this connection, the term"adjacent to" includes enbodi nents such as, for
exanple, that detailed in FIGS. 1 to 3 wherein a protective material is on
top of the photoresist layer. Thus, the top coat -22 is "adjacent to" the
| ayer of photoresist even though there is at |east one other |ayer between
the top coat and the photoresist. The substrate with the top coat |ayer is
opt i onal | Yosubjoex preterably atroospberippessapp lryotbekembadimentsy eacanm togimbdent from

the top c 0 er.
Tyai b passul e Rb il i@ WerPLAy SO IEHENSTAR) phBFoliRBufhaldY
about Zoocrhenanperamé fordiie gxposora sipoiay séhget frona B6C ta23OCC. amdertmt
referably from about 80 to about 150C. [ 006 In_oth

P roodi aoneEgRmetLs dhe Bameratkporey B rarmes dhaels Baet 0.1 (B ABb S Fimin.
deposi sed Th@tétbﬁtrémﬁw@ﬁﬂtﬁhe Is@f@férdtﬂyﬁdrﬁm(ﬂ rﬂiﬂQbGQmu&t lh pyeerred on the

mat eri al 15 and, without a ost bake, topcoat material, .40 is
appl i ed aﬁﬂ%’loﬁ@e_ﬂﬁs dRpBRgsHEe 186 dn‘ﬁ‘p‘{%ﬁén BIe5RIFeR %qt“'\"a@réﬁr""f@”g'ﬁﬂnﬁ he

top coat r&@ﬁwﬁﬁh&haﬂ@nérﬁ §P@h\%@ff§fﬁ’resfb9hn%eﬂ%tarﬁpﬁoycbake [0064] The coated
article is then exposed to an appropriate irradiation source, through a

patt er ned (oG- The c%ﬂ%dedﬁﬁ’é@lsafﬁé/n SSHRGEARIM an b BedudBHsBEon@fHiR i on is 193
nm radi atlon I n anot her enbodi nent, the imaging radiation is 157 nm

radi at i on developaiosyrbrasitstrameibyl arameniurHydrexds, Agtassimatyderyides sodigmnm
radi aghon nydldgide Os Giferdfdsk Cth@reﬁy $éh13ﬁﬁ(g {?\% tofS S0ATRAteA A W%Bolyﬁﬁgtaﬂ%n

radlatlonu3|ng|mrer3|on1|to h, wherein an i na mearumi|isS

appl i ed t @nd reMeshota partion of the tqre?ﬂ%i 285 sigHtaneqysly sqmg%ﬂwt@wqﬂap'ﬁg
medi um  NMEoRRRt WRE deldlofr $ahian téMéJbﬁd?&e%ﬁﬁ?é?ton'tﬁdﬁﬁtérm ry&pfﬁﬁine}rhe

next step is optionally a post-exposure bake to insure that a
sol vent  2¥amplgs ohhasia deo @ikalive-peddiningsdeyelapee selutinns indudethpsg proviged in

renoved. USiBg NBS 62055, 234€ 6 PBBUNS; H2YE 844,801 BIMU106RE bS2027E, t Opcoat mmay Dbe
subj ected to one or nore energy sources to cure and/or partially cure the

phot o gsi géoﬁﬁ'dfr% PaRBmGR #e pHAtSHEBEARYerGREH Sty bé%h%ﬁemth'eriﬁétéﬁlﬁ,lay@dt not
be limte an ioni zi ng radiaton source Stch as a- particles,

R-parti cl €8 theundsplying,supgijate. EV@@Q'WoﬁeB@&ﬁfﬁém@ye@)PyW‘W‘O"aﬁtqﬁ'ﬂﬂ ®ni zi ng

25 radi at isgime TMEr SR cRfiqid. [TV meihsH ofﬂﬁlﬁ\%nﬁgﬁnﬁ@be V6editdbRalest00 to 750
nm, infrared (/50 to 105 nm), m crowave ﬁ> 106), and radio-frequency (>

106) wavelPatiginrd materiah laygystrustures swahoas Metshwiripg dipes holesifen gontagts efafasener gy

St . solELlen TSt 57 S s (R ERUTy RO fon FHRORM Ao e
gg capacitor structures etc. as mlgﬁt be used in the design of integrated circuit devices.

[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 sclution was calculated to be:

g silica gsolvent G acid gbase kgtotal [H+] [OH-] pAcid
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hi gh pressure, atnospheric, or under a vacuum The environnent can be inert
(e.g., 30 nitrogen, COX2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing
(e.g., oxygen, air, dilute oxygen environnents, enriched oxygen

envi ronnments, ozone, nitrous oxide, etc.) or reducing (dilute or
concentrat ed hydrogen, hydrocarbons (saturated, unsaturated, |inear or
branched, aromatics), etc.). The pressure is preferably about 1 Torr to
about 1000 ©.98 Tort13.5 nor e.0pTeef c0.608dy AtOTEEPhheNOIAO0HTEe SG0PM00624 otHler

enbodi nents, vacuumto anbient pressures are possible for thernmal energy
sources as well as any other exposure neans. The tenperature for the
exposur e §3070] mBpttomrfiye féntoprc@BCTABF-RBIC] photorasist aian spuib odiorae FRGMM Re

tenperatu .' The
toral trodbsane oL AR T il G ng st d R P, foutin, Z1°
enbodi menthargetZemk Xfhessafer was caIaderd:a’etBﬁflﬁdeM Bam. i nert pur ge at at nospheri c
conditions wusing thermal energy at tenperatures between 25 and 200C.

[ 0066]5 Th§00Tdht dte HTES $aution wassambientt zpet dof Grlays then spureonis theophwteresistai ni ng
devel oper r e,

sodi um 18In§"’|?m{f181aﬁ18tsé€lﬂ§|§ E’é% gg]s;ngWe\?é/%Fa r%ﬁthe%%b@ﬁéé %Jé(?pn};%ﬂga?&rrcgt erial
by depol yabﬁ@QZEPIVb rAftendispensey die wafeawps spulmimr 40 seheatﬂﬁ@@ BP&% ITHe waister

Si nultane% s Icnegrﬁtlgﬁéf&?tlmn I‘Fé%fp late CONt act wi th devel oper forms a

patter ned phot or esi st er on I al Iayer Further exanpl es of

basi c, I t I t QM

provi ded fOnOTZE Eﬂ EW”C"K% tﬁé@b%g%d gglﬁe ééql’i% H@“%g&g%gﬂ bﬁ@§%f(§i and
6, 1201978 deveioed0&is] pudtlied iratheerentsr of theevqfhot@te'ﬁldﬂ“ nm;@esustmelmgme
transferr f%QmIn%ré.Q@ é@ha%&é grhm' A Bloduld. a%@%r}‘éﬂﬁfi{lé ¥I16‘9A|%IIII:%H %ﬁnsyT\)QﬁLac ally,
the trans I'sTachi’eve reactive er etc

t echni queAft&’hia rrmmte dhe déveldxmnwasesmun off (fragc. I&SQ@ B&PM tbreo M@aee atpl800er ned

mat eri al ' I f acts or
Viae i nE ke 6 RPEoBerE i wilel WBF shisET wilte i St OF

i sol at i onjeionzedwdates. f or 20 capaci t or structur es, etc. as m ght be used in
the design of integrated circuit devices. [0068] The follow ng .

non- | 19 t {0073k x Taplectsshomws thatpwitl adilane prectirsern the siliconreantaining pply@seist

i nvention ﬁﬁgﬂ s are provided for illustrative purposes
only, theSOIPﬁl\%ﬁ?:&%%&ug%og%l e '{eﬁ'er ein should not be [imted thereto. 25
EXAMPLES Exanple 1 [0069] 13.5g of propylene glycol propyl ether (PGPE or
1- proxy- 2-propanol ) was added

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 Examples 2and 3
[0074] PGPE solution: 0.96g of Aldrich triethoxysilane (HTES) was placed ina 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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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 amet hyl ammoni um 30 hydroxi de (TMAH) aqueous sol utions were then
added and the solution was shaken briefly to m x. The pAcid of the
solution was calculated to be: g silica g solvent G acid g base kg total
[HH] [OH] pAcid -24 0.96 13.5 0.0576 0.0024 0.01452 0. 00000576

0. 0000006 p3073] 45 -Pdriddht solBtidrt: OrBekidf midrich trlietivoxysitene (AARS) RG4 pletegliroa dr esi st

was spun onto a 1 nm \ SISt Iy fer. I nni ng
condi ti on§% W%@g QOt&dé %Wd'sgg‘?%?'lpgﬂtan gaedvdfaﬁrI§ %"é\iﬂ? é&% was
cal ci ned ehakb&&ﬁeﬂ;aroisogrono 03M rafiéit]acithsolHibh vasaidded o Theasxtarevanagaiyed f or

6 d th . th hot film t | ut
Sopl 1 ed t Shaked Khsfiet oowm e Hopbsutar e it &eaf%tio' %BMW‘"‘Zf ter
di Fpensg 932‘ m%fg?sr acl’:’Of og 40 s c% t 1%_”] '&g wafer h
cined a n e en
o ?S ? chu B o1 m %% el

pl aced_on t spin otore3|st developer
was puﬁdled in the center of the mefer CptlyleIdTM photoreS|st devel oper

A1 ent own [008h n SRR IR foriap £AFE PARFRANS ! ShitgRfiky 88 Bk eiio 4 loomm
The wal er Fa. ST Aee WLLD B SIl L annnt ol ot oni Zed water. 15 (0073
TabI e I1 E:‘fﬁ%@efszﬁrgﬁyﬁ‘\ﬂ‘?’#eﬁwg? F%W%Qe?)?gﬁﬁ?ég?m My si I i con- cont ai ni ng pol yner
Rosi st del3D; AF PR Rithss W pbient Bitiol 2gpfieR Thun oE pidoest .

Thi ckness filnf.nMR rhired ¢he ﬁcmmt)on(wa‘éappﬂécﬂittﬂhé vﬁﬂéﬂiuﬂtﬁg Thb 31|r3(705ec2ét BeRpMes 2

glngcg d[ 927 &5 g;eEnsséO{he wacfer was sp f8r 3L LEsdd kBN PR did Bad EHiGRAd YPS

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 puddled 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 agueous 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
0.2526 0.0356
0.2526 0.0353
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pol yet hyl ene bottle. 13.5g of Schumacher propyl ene glycol propyl ether
(PGPE or 1- proxy-2-propanol) was added and the m xture was shaken briefly.
0.30g 0.01 Mraleic acid solution was added and the m xture was again
shaken briefly to mx. -25 [0075] 1-Pentanol solution: 0.96g of Aldrich
triethoxysilane (HTES) was placed in a 1 o0z. polyethylene bottle. 13.5g of
distilled 1-pentanol was added and the m xture was shaken briefly. 0.30g
of 0.01 M nulreeragendi d o@528 | pn was | adéetageThe 00335838 ¢ was again  shaken
briefly tpmx—ThepActd—ofboth—sotuttonswas—catcptated-tobe—g sit{C
g solvent| G acid glhase kg total [H+r] [OH4 ]l pAcid 0/96 13 5!0 3 0 0 0147
0. 000003 P 31-89nOH [ 00P@F4Bot t om fi | mfor tiop OM3F TARF-P6111 photor esi st
was spun pNto a 104 mmgBs4f YPEe 1-040 high riesi plosyaty oI waf ér.  Spipnni ng
condi ti ons+—25-sec.-at 3500 RPM-sol ution—{ch 2--H—TFhewater Was
calcined gt 135C fdr 1 WRN. [0077] | The HTES sol‘ﬁ%?%ns wer e afrbi ent “aged| f pr
2 days then gperagoont o @.284%t or esi st Avbrdgel m 01032934 | of the sol uti on was
+ K £ r A H

appl i ed t o—the—wafer—dur+ng—the—sptn—(F+see—at—500RPM—After—dispense,
t he wafer was spun for 35 sec. at 1500 RPM The wafer was cal cined at 135C
for 1 m nExampke ot plate. [0078] The wafers were then placed on the

P cant o001 o 2 dsshlinagheE problerR WRLTo0 U 0E VEGRR Y 15BaRa"T; 7 o5

sec. at 3pfpanEiPias aBded rig 0196g of Giefest triethowgdilane (WABESprEhecdixtug wasa smal |

anount _ of | oni zed er .0079] From L i S ' : It
can bed ccafneRlreln P T dopven waled Heb St EiY B coldibfasng R ety
coati ng i to mixieThes pAaid of Exampleeswahssugieddo belAEbecaube we aeid, wasaddedave

ot her effects such as, for exanple, solubilization at the interface of the
resi st. 200084hc&he dottleerdssthan plackdin a 8&TCswatsobathifdr apprediroately Hehduss.t er
suited for use in the top coat conposition according to the present

i nvent i on[00B2p| BofomTitp f@dap coatf TARFEEH & photordsidh wasspamonral nesiRst  Top

coat - Dev'l:“ylp%He-ﬁ-D high resistivity Si wafer. Spinning conditions: 25 sec. at 3500 RPM, solution

10 charge-2 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 ml 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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Thi ckness Thi ckness um um Thi ckness um PGPE 0. 2527 0.0354 0 0.2526 0.0356
0 0.2526 0.0353 0 -26 Average 0.2526 Average 0.035433 1-PenCH 0. 2544
0.0317 0O 0.2541 0.0313 0 0.255 0.0298 0 Average 0.2545 Average 0.030933
Exanpl e 4 [0080] 13.5g of Schumacher propyl ene glycol propyl ether (PGPE or
1- proxy-2- propanol) was added to 0.96g of Celest triethoxysilane (HTES).
The m xture was 5 shaken briefly. 0.30g of deionized water was added and

t he sol ut Bxamp&ess shaken briefly to mx. The pAcid of Exanpl e 4 was assuned

Os0e vt MUEBE: 7 RS ARhRol TG o b R BB VB B BRES "
coat: TARWaBGliiéd phn02g ebAldtictnaetbmiysilanet (biT&S)LOThersélutian yas thnéﬂy(bhla:(g‘:l.

t s S . t : t 0 I on
L6 ey e 5eRlor ERGEH e g SR ok RO BBy =01 00
sol utidn deibnizet) watdr vepaatided and thikaglutidnevassshaken id mixt Thepifaidofdbe st film
1.2 mM of th sol utlolﬁayé%ﬁ%% plied to the wafer at the beginning of a 25

sec. at Sgﬂlﬂ 'hBRx?&%'P fer was then cal cined at 135C for 1 m' n. on a
hot pl ate. 084] T

Opti yi el dT “Jg‘i phSng;the (; veﬁ3 B e %Sdgg%ﬁp? °P %06301'? ”Ac;é’f

waf er. After ope vvas spun 500 RPM tgﬁen
40 sec. at 1800 RPM. During the 1800 RPM segnent, the vvafer was sprayed

with as n|z ctedin
Tabl e 3, %dagzn%éga@ggﬁq‘? t§? P J%?E engigggt%leslétg@al 9@" OR& no necessary
for the f typetf-040 logh tdsistiviypSicwder. SHinniapbtandBion&H2h secr 3153&10 R%Mesolmcqm coat
Top Ch8 t gﬁf rthrz mf.jeflheeI wWael avas calcined at 135°C for 1 min.

[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 hakes 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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Thi ckness Refractive Thickness Thickness Error (nm Index (nm (nnm) 200.07
1.5267 50.87 0.04 0.25 -27 Exanple 5 [0086] 27.0g Schumacher propyl ene

gl ycol propyl ether (PGPE or 1-proxy-2-propanol) was added to 1.92g of

Al drich 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 5
dei oni zed water was added and the sol ution was shaken to m x. The pAcid of
the sol flimmen was[calculatbd to be: g sillica g Jsolvent b acid G base g
water kg total [H+] [OH] pAcid 1.92 27 0.06 0 O 0.02898 0.000003 0 3.98

[ 0087] Bo;écnnfié mfor top coat: TARF-P6111 photoresist was spun onto a
100mm P t MPER 0 high resistivity Si wafer. Spinning conditions: 25 sec.
at 3500 RPMd92302@t0gaf Schimatiser gpeopdiemk.glyEbepropyl@therdBGPE aritAerdxyl- 135C for 1

m n. [0088] The,HTES ,sol utj Qns re anhien d for 2 days A un onto
a phoEoreE}oé:lamlf) I\qaﬁ]ada_e%yo[#.ggq °¥Fﬁ8ﬁ8&r$]?r?%wﬁ 33885'? a%i”?‘%‘ ‘9’#;8(}]%@& during
t he d} Spegﬁﬁcmm of 0030 eitric &did SA0tidARas addedranditsg eolation wasbreffyer was
spun for sec

. at 1500 RPM _[,0089] , Th f li.t, in_half hal f,
STA 1, vadhA RN NBH SR aLre e HApr Vs g RB bl pron 2
was cal ci 2etts oy weifhit bquedusitetramethylamirahiuph hydroxifie sdluthal was addest. eTHenmer sed
Anot her  waBUIOR WeEshaen 8 i Raiagd phHe sPRin Has BRGIRlGH Bkl 01 %i o “The
f th I th ' hyck. f i yiel .
\Sﬁote E)r e\é\?:tgsﬂfgqr)elgosgggﬂv\g% acﬂﬂidzgh%%le;\ gfﬂégrcen%%m%? t%h:’;\g:‘ gr dggg]t erPACi
mn., the d@l\égl ope|r2|7vx/as sg_yg of 1(‘106@5 sq:?4 at 892 §00 5@5’%@003Thg dgaf er swgs
0 el oni zed water du e

sprayed with a snmall anmoun f ringt spin. [0091]
Fromthe results listed in Table 4, it can be seen that soft bakes are not
necess@ry chi AP NEi dlg a@ipi ity in
aqueoﬁg b&g%s?m%t? ﬁ?@g%ﬂg?\%gfeerﬁ@ﬁeméoétd(gm%gg;leg?d Layngér Top Coat Top Coat
(wat er i prasesseshany further. Accordingly, this example illustrates that processing of the top

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 g water 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-P8111 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.
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Thi ckness Ref. Thi ckness 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 Example 6

[ 0092] 27.0g of Schumacher propyl ene glycol propyl ether (PGPE or

1- proxy-2- propanol) was added to 1.92g of triethoxysilane (HTES) and the
solution was briefly 5 shaken. 0.06g of 0.05Mcitric acid solution was
added and [0088] s dlnothieo watars7-B; wa$ cyicinbdaeh35°C foi k milexts hdt.flatg. dhe deafesni zed

\tNgt reratrr\gf1 ?ly ggﬁg ﬁglgﬁéfﬂ?elrbrmgx ﬁ‘é‘grgﬁpﬁk ﬂ."l\?éd%’g&ﬁ %%I‘Q%r ?Q¥e|®9é+mas shaken

to m x. Tipeddiédirdthefcehtee obihk wtafem Aim;mnahctheadeerdloperm spy.:rsmff (3&=eg. atol vent

0 54 0. 029300 PHBo0Ts el MRare/ il e el AFclnis bz W e O

soluti®dn geinled. Filns could not be processed any further. Accordi ngl y,
this exanple illustrates that processing of the top coat mxture is
i mport ant [0099)r é’ﬂ)errés@séistedémTrablmsmowdhatEnlaiﬁme earbokylieSt]|dsvathea varfety of

vas acaea L8 ‘BbsaroP ibie R Y bnaRbRfent i et dtt Bi¥ocsary, PRRGECC!)

briefly sheduits aloduggsighatfpré?béide o post-exposas lniakss Imetyi roh bmscmdado The

base g waltial bl RayH nf BT A’y 8Gesd siliss3 § 57051478 0. 0oodos

0 3. 6?0 [%gg?o Bottomfilmfor top coat: TARF-P61 11 photoresi st was spun
a 2

onto mm P 20 type 1-0-0 high resistivity Si_wafer. Spinning
conditions: 25 se¢. PhotoBisid LAY | skeipu@aabn char|ge- 2Teg Coafthe waf er was
calcined|at_135C flor 1 nin (immersions})
Thickness Ref. Thickness Ref. Thickness
nm Index nm index nm

7-A-1 224.14 1.5267 50.4 1.4246 46.38

amb. Water

7-A-2 90°C 224.14 1.5267 48.48 1.4421 45.03

Walter

7-B base 23443 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 0.96g 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:

gsiica gsolvent gacid gbase gwater kg total [H+] [OH-] pAcid
0.96 13.5 03 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 mi 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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[ 0096] The HTES sol uti ons were anbient aged for 1 day then spun onto the
photoresist film 1.2 ml 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 35 sec. at 1500 25 RPM [0097] The wafer was split in half. One
hal f, 7-A-1 was not calcined or heated in any way; the other half, 7-A-2,
was calcined at 90C for 1 mn. Both were imersed in deionized water for
30 sec. Ti@0108] Thewafer veds splicid Half. Gine Haify8-A-T, Sves0@d 83iciAad bhbeatedfreany 7- B,

v, 5! o Dt b o fish ¥ . W gt G Pl o BB By led o0 P! 2o
puddl ed i deibhized euaterifor30 d¢dve Thaffims wafd allowkdnio air drnt. he devel oper was spun

off (35 sec. at 3500 RPM. The wafer was sprayed with a snmall anount of
dei oni zed[MaﬁDé] Muhenyafdnwas&:ak:bied.atﬂeﬁ@ﬂor Tmein rarsa hotsplates fThd waferwdsl e 5

2coept Al MG RC 3BRPLANEE Ty B Orl 2 drkloredinasBEppd e dlied
results airsmemg@estthehmferprﬁétebamn ahe neMIemmwpen loff@5 sem\at 860 be
%ﬁ_ﬁf;?iéy#@hﬁﬁe SN\ B ¢ 5000 B %*%k%*&q%&wﬁﬁer%%’pgﬁgm .
15267 5019515} Tk RS e T B 8@3&‘@6&%&?% i BhediBanda s 17020

45. 03 \WatanboXyliB domstheZBs@fulBHJraﬁ@éSfbr4dm5(7$ltlon$1'5lhdpresmhln\EthGpISdarge{ 00100]

13.5g of propylene glycol propyl ether (PGPE or 1-proxy-2-propanol) was
added10t o 0.96g of triethoxysilane (HTES) and the solution was briefly

shaken. ﬁ f 0.001M 15 naleic acid solution was added and the sol ution
was agai n shakén. The pAcid of the
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
mm.
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:

gsilica 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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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. at 3500
RPM solution 20 charge-2 m. The wafer was calcined at 135C for 1 mn.

[ 00102] The HTES sol utions were anbient aged for 1 day then spun onto 2
phot or esi $§00108] Mhe 4lwatersl were chltined it Btdiiftememmwatui'a:lfom nhiheQOREf(e{A)duri ng

t he di spense, o . S he r was
spun for gggg@ggg{ﬁgd)@gﬁﬁpda{ée?&ﬁ% ﬁ%&?@%ﬂwﬁfsgﬁﬁ'ﬁ‘ oy\%cﬁalf

hal f, 8-A-1, was not calcined or heated in any way; the other half, 8- A—2
was cal cined at 90C for 1 min. Both were i mersed in deionized water for
30 sec. The fil msTuaree7:aI I ovved to ai r dry. [00104] Anot her waf er was

cal cined at 135C fe+—3t—wn yot—plate—Fhe wafer was 5 then placed on
t he spinner chuck ls %f Opt TW% hEFBremst devel oper was puddl ed
in the center of {he>¥AP fte i “ dével oper was spun off (35
sec. at 3500 RPM. Tﬁéd‘wafe wa %Ibrayedﬁmh a small amount of dei oni zed
wat er during the $ping-g] 00105 4ifwp r esulii4ag1bl $ted in Tabl e 6 suggests
that, by varying the.concentfatiogn of darboxyllic acid, the useful pH range
for conpositions of tﬁecpresent 45l&nt i ¢rl-4840j arge. 10 Table 6: Photo
Resi st Layer Top (oat gJpp Coat AJg el si|qiggho fhi ckness Ref. Thickness Ref.
Thi ckness (nm) index (nm index (nm 84A-1 andh. 226.71 1.5267 58.7 1.4336
54.13 ®Water 8-A-2 900C 226.71 1.5267 53.7 1.4288 53.29 Water 8-B base

228.26 1. pgf169P Ihé vaterd Iete Split it halbee "Bh€ ndif of each was immersed in water.

The other halves were immersed in 0.26M Optiyield™ photoresist developer for 1min.

Films were not removed in either. This was a visual cbservation only. Accordingly, this
example illustrates that if the film does not include Si-H bonds or Si-CH 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 HNO3 / 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 MHNO; /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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[00106] 1.23 g of tetranethoxysilane (TMOS) was conmbined with 0.695 g of
purified 15 nethyltriacetoxysilane (MAS) in a | oz pol yethylene bottle.
27.08 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 sol ution
containing 96% 0.1 Mnitric acid and 4% 0. 26M tetranethyl ammoni um

hydr oxi de agueous sol uti ons were added. The solution was shaken briefly to
m X. The pAci d Gfabl¢g: Bidsdalution RatesaflHTESIPGREtandVarigusAtiddatglystds vent ¢
acid g base

0. 030175 O. t he
sol ution wa - 7
sec. at 500 step),
1.2ml was appli€ toot1, waf er.| -3 Mf‘ 10 vaf er S¥wer e i hed at 3
di fferent tenperatur@%8®1 niin. 90C (9-p), 100C|(9-B), 110C (9-C), and
120C (9-D). |Fable-7 ' Q filmproperties_of each—Table~—Th{ ckness
Ref. Samplé (nh) i n&B9 o- A ad oo™MAHs10| 9-1B747. 30 1.%810 p-+487|10
1.4610 9-D|46.50 1 2@;?@33? [ 00109] The wafers werg split intp halves. One
hal f of each was inmrBdH]OV) walt or  The other halves were immersed in
0. 26M Opt i yi| el dRv p181‘!69esi st deWptgge™ flor 19in. | Fi Iﬂ were A&t tenoved
in either. This was|acigbss@l observ&Pion only. Accordingly, this exanple
i |lustrates|that if|Be@ F@PVh dages not i nc]ude Si-Hihonds or Si-OH honds,
the 10 depol yneld zal PO8Gi n aqueo@Ptivali™ devePdper |is oy, yet3fhe| wat er
stability i$ good. |Bsidfbgpes 10-22 £B0110] In thes¢ experinents, the
di ssolution|rates of$ DYWIPE Ifi | ns werel neasured| as a function of acid
cat al yst. 14 0.44g w2 149 7 2.6
acid/base
sol’'n (70%)
15 | 0.06g W2 311 5 345
acid/base
sol’'n (10%)
16 0.1 M maleic Optiyield™ 72 0.5 2.69
acid CD
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 0.364g citric TMAH 168 13.6 2.92
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, boeiling point,
evaporation rate, viscosity, to insure that the top coat mixture wets and adheres to all
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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 HNG3 4% 0.25 M TMAH sol ution. The m xture
was agai n shaken for several mnutes to obtain a honbgeneous sol ution. The
solutions were allowed to age under anbient conditions prior to testing.
20 [00112] 10% aci d/ base solution: 0.96g of HTES and 13.5g of PGPE were
added t o aurfhedstpgreperliite giiextighle unitsmdirakeMalile ® shews tiedt PEME Bed PGNMBA, t 0 t he

addition of .0. 06 f %, 0.1 MH 4% 0. 25 M H. so ' .fthe m xture
was again “%%k@'ﬁ%f’&ﬁnégo%traé? COW{'\?I%’?‘??/@ %'St%?w?%l\é%wgﬁnégfg’hé%gess'%ol ution. The
sol uti ons fovenutated prodedtst areage usefdiesolveatsifoetop coatapplications givearthatdhdyest i ng.
25 -32 Ta_tﬁﬁe&ﬁp: Di ssql ution Rates of HTES/ PGPE and Various Acid Catal ysts
10 0. 19g VB4N&PHORIESiShs  aci d/ base sol 'n (309 11 0.06g TMAH 127 6.5

3. 45 cid/ base sol'n (109 12 0.44g OptiyieldTM96 4.7 2.6 acid/base CD
sol'n {(709%9 13 0.06g OptiyieldTM 95 34.7 3.45 acid/base CD sol'n (10% 14
0.44g W2 149 7 Tabte 9:aci d/ base sol'n (70% 15 0.06g W2 311 5 3.45 acid/base
sol'n ' e

PGPE 239.85 1.5251 | 0.32 247.21 1.5231 | 0.30
239.87 1.5260 | 0.34 247.99 1.5238 | 0.30

239.18 239.63 | 1.5254 | 0.32 245.73 246.98 | 152381 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 [ 15285 | 0.25 | -5.91
1-pentanol 238.22 1.5265 | 0.32 235.65 15275 | 0.25
238.05 1.5268 | 0.33 237.36 16271 | 0.25

237.45 237.91 | 1.5263 | 0.32 237.06 236.69 | 15273 | 0.26 | -1.22
EtQH 237.66 1.5266 | 0.34 235.60 16277 | 0.25
238.51 1.5261 | 0.35 236.22 1.6277 | 0.25

238.40 238.19 | 1.5258 | 0.35 236.59 23614 | 15277 | 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 1.5254 | 0.28

245,11 245.80 | 1.5264 | 0.35 238.53 244.22 | 15267 | 0.25 | 1.59
n-propanol 239.15 1.5263 | 0.30 237.76 1.5264 | 0.24
238.54 1.5270 | 0.33 236.82 1.6276 | 0.24

239.33 239.01 | 1.5266 | 0.35 236.91 23716 | 15274 ! 0.25 | -1.84
PGME 243.50 1.5257 | 0.34 229.83 1.5308 | 0.24
243.20 1.5271 | 0.35 233.02 1.5304 | 0.25

250.97 245.89 | 1.5256 | 0.37 231.83 231.56 | 15336 ; 0.27 | 14.33
1-butanol 243.72 1.5254 | 0.35 242.19 1.5255 | 0.27
243.83 1.5252 | 0.37 241.63 1.6247 | 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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acid CD 17 0.1 Mnaleic Water 172 0 2.69 acid 18 0.01 Mnmaleic Optiyiel dTM
188 90 3.69 acid CD 19 0.01 Mnmaleic 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 0.12¢g
citric TMAH 103 24.9 3.39 acid Acid/ base solution = 96% 0.1 M HNG3 / 4%
0.25 M TMAH Exanple 23 5 [00113] Useful solvents for the silicon
cont ai ni ng topcoat include al cohols, glycols, glycol ethers, glycol ether
acet at es, pgiHeE sthanckt ones; the sol vent preferably sol ubulizes al

conponent sp@ME!NRofdn8glyed] Fieyl dihett ur e i ncl udi ng the silicon containing
precursors, solvent, water, polyners, and catal ysts; the sol vent

pref erabl y. doe t dissolve or swell the photoresist; the sol vent
preferablégﬁgﬁgﬁggt deactivate the photoresist; the solvent 10 preferably

has the rijgit14phyanispatery opeitsiizate donaini?lgﬂnfsﬁﬁaemumm,wim Vanebleoi nt ;
evaporatlon ate, VI scoslt to nsure that ,the t tu s an
oy ea t @nglefSpetugscafialipbamefep e vacyut iRty VaTAS ] A Mo 2TG o
shows BhatCPAE; Lamudi?Ndbfaska)MTTabe #0 Bsts tlLstenéstheltainsparencyofimiopycoat ed i n

t he manuf acturi ng of, 'Rh y %}E)’\’%é gf Igul ated..products areJnot {JS?.fu|

Sol vonts. fateialetmatsing BRI TNGH L B, it REETnarasdiey JB8 raltEe
223tgr1 esi sidexandakhiertig facters drblfiyivithe MUV-9ABEGt ROENA39. 85 1. 5251 0. 32

. 1.5231 0. 30

Table 10:

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 (Japanese 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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239.87 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 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-pentanol 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 1.5266 0.34 235.60 1.5277 0.25 238.51 1.5261
0. 35 236. 200TH8$ Thingardtive e&a&p@AMerl&aiemMa@oﬁ&nzaﬁreﬂectma:omglwsszw

0.25 -2.05 4- 2 1.5 4

45. 18 1. 5 5 8.53

) Zoaige g pigoRsih 38814682 pispansse Silos RibBr Fod3e 280fs The 7

244.22 1. 5@ lasdien bxished o rOPAMGGhOEE drf lihofRaBy Gcathe BRSME PAS264 0. 24
238.54 1. 3.236.82 1.5276.0. 24 39.01,1. 66 Q. 6. 91
237. 16 1. %58“80@ 1% e 2’4@35?5’*1‘@%59?‘?5 58630 é% 0%6%8%65'2 243. 20
1.527150. Wmae\ﬁhﬁoﬂer5304 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 1.5255 0.27 243.83

i gggi 8 ;Egoﬂg}g?@ Fr%solgaﬁé Qsaﬁamaéﬁ'oﬂ”ﬂthaf-iﬁeﬁé abo@\férefhxaﬁ'm%% £43I 28
- = e ene
Sivool e SReAMIIE HEFrOLBICHRGoPS. s SPea A e ORI tetepace laaies sBORRY e
net hyl et keyhifichadimfdrencifol 03 iekls, Tﬁ@mmgltrmme top chhieof Exaivphi Bcaobé ased ng
films were asured wi.th a vari ab| Inng $ectrq,?cdoep_'(i_lelllg nmeter for
the vacuuMitPtyanyinsativg gBacAs s erofle latitude’.” There was also no
10  difference when it was used under normal dry condition and wet condition in an

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. C.-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 <Gng/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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5 Co. Inc., Lincoln, Nebraska). Table 10 lists illustrates the transparency
of a top coat material conprising HTES / HNO3/ PGPE as a function of
tenperature. The refractive index and scattering factors are fromthe
VUV-VASE at 193 nm Table 10: i ## 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
materials according to the present invention are tansparent at 193 nm
Exanpl e 2ExbopEsE7 ahdvdf er coated with a bottomantireflective coati ng was

coated w otoresis The
top coat i@?@?’ E:E)rgigarg eggﬁﬁﬁg&ﬁ 3%? é%@ﬁ%&%ﬁ%%&%%ﬁﬂﬁ%ﬂ{ger at 90C for
_608 ec. Thejepaditet onesfouhmigh tpﬁm@iedn '(‘DO&)) h@;ﬁn@s&ﬁ@hﬁﬂ%ﬁ )] ?ll‘l) waibts drﬂj150_:|L_h

I nmer st on scanneyr ere water ysed ui Sl ng e
vt or was ITREIABcRliRTeEesSeddh g oludag Maider: dBelepRRIiY RrasbSRy

de;/el Ofsfr phbﬁedslsﬂ:vagmﬁauaéd u;edoeps@::ﬁﬂ _mtﬂﬂmf(ﬁ?]_) ?Dmta@n}pbslhogtmmgh\c]nn
anlree VeCO ategd w a oto Si

(Japanese 'T”fcﬁ% MR gg(lser)and-ﬁﬁ%wp waggpun EBIaJP{aﬁHQ ﬁ"frmééérﬁh%géé "RBs spun
at 1520 Rlﬂbc‘lwxbcbﬁd@dAfeér tiFhdtoresieDwas depokited mfmwama&etdwﬂsmfmma‘ﬁnt 0 a

was 1 hon B dploRed PYer pok Avels Pake VA S48 O TIRHE JER" TR AN Eher

- 35 [ 0011§ler&asmmictd usﬁngeemeph TimAretMaitel NoAR edCWhatrbc Roldel @B hot plate
ant i rgflectiv

oat | ng. was oat e tores st,. JSR 1 82J) [(Japanese
a1 e8! Raniradkzeg bl tndateive. e tonel earh LR AR AR PR A | ot
with dry lthdrhReb@éihsefedimes a h%%e?ﬁ@la@&@%&ﬁﬁﬁhg tﬁé]mnvm‘ranre/m t hen
baked at 1350 for 60sec and devel o ed bn 0. 26 I—hg‘eg\ﬁ oper . [00119]

The resi steayag e tSRPEratE tp AGRNTRler3Thetanper 8%0 SIRIAENRP using a
scanni ng %bﬁl%lre@rbyrﬁ ehRBARe. coﬁﬁ@l@rhlsﬂldlslansb hempBératurd canttdlisedsip ay Eole-

Features ng(r?rwgr Tﬂe top coat was then deposited onto the photoresist in the same manner 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 30p down to
41 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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significant difference for all 3 tests, indicating that the top coat of
Exanple 7 can be used w thout any negative inpact on resist profile and
process latitude. There was also no 10 difference when it was used under
normal dry condition and wet condition in an inmersion scanner. Exanple
26: Leaching Performance for Top Coats [00120] Utra pure water (12nlL) was
fl own over the wafer surface coated with top coats 15 prepared according
t o Exanpl e grsilwder gaopérat ogasid st gbaée 16pkdte( Japamtse SilHepn RabbHer AciY
and col | ect exbef or UEEMS arted ysi s.0CLl- C1D sul f ontd7€s wWwhoadooed e t Re anidA¥s of
t he photoacid generators in the resist were analyzed to illustrate the

| npact of top coats as barrier coating. The results are shown in Table 11.
20 Tabl e 100126 Button filfn fSutcbooat Aboutr nWATARF-Bahl pwtSasipl wasEpuBditoaat e*

of "Bl G0y 0 576h BRI Sl s Sy L Pariten S o e 47500 R s ar e
[00121] Thhervesfer was edicined atat356@ éort fopirc oata hot pBteanfheilm was subniftédiori ve
bar o | okl e e Spbsgenor 2 o5, TypLeally, L1 leaching
i i ' ' ] ] he | . -36
'Ex”g}’}{)f'eS”i@‘?fﬁé}jﬁﬁﬁﬁéaﬁ?ﬁ%‘%ﬁﬁn&%ii@bﬁgbc?gfi%fgfntéﬁh&ﬁﬁ nhe”s

ot her wi se,phe istdiy. Abbuts! mief the wiat @ispens: el rpsiis_ gmsiThiecon

br ocessed SoNtPHes Bl shivily 5 0.4H apoThelBhl F BB apptd B RERr fiirine

phot or esi sonditisns GrseacatsDORPM ittepedfssary atl1560| RPM). t Bhe waller astcalcined at

on B 1Bt atRcC PR AT et TnelNeihP Pt Sy st Buptoly ARkt ers 00e PR

was deposithiekhess of the tapdoat. t he corresponding film was foll owed by a post
apply bake (PAB) at 135 Cfor 1 mnute. Both the PAB and PEB were
conduct ed [08128) Tanetwadfer wasplaeaden tedpinnsiochuzko AbGuintimiedf Ouitisield™o. 3 hot

21 G rum Qratae e FoRd et R RIS Rt e REL o featrdl xR ¢ 1o
noni t or i ndhe Hevelapep eaatspore ofii3b sec. at 3500 RPM). The wafer was rinsed with a small
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 aqueous

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 Ceat Photoresist Top Coat
Thickness Thickness Thickness Thickness
(hm) (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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relaying the tenperature to a controller. The tenperature of each hot plate
was controlled by a tenperature controller R'S D gi sense tenperature
controller sold by Cole- Parnmer. The top coat was then deposited onto the
photoresist in the same manner as 15 the photoresist was applied to the
waf er except it was spun for 7 seconds at 500 revolutions per mnute (rpm
and then ranped to 1500 rpmfor 35 seconds to formthe top coat. This dual
| ayer fil exemaplanhiim wasbpmsened byovasinoos bampdil aptic@lniGobcopes todatectThe  waf ers

Laurel o TeeRrBpdiaesc R te erin s Sk ol HenPet he el
for these ligés wapaesoiesd dowato FARE- P61 11 (product nane by Tokyo Chka Kogyo

Co.). [00123] After the top coat was applied to the photoresist, unless
stated otherwise, a chromiumon quartz nmask having patterns with features

hen ek poERalBB gy, HTER S, 6 hubfbersHiiBBLaRiats. cBaIFMAY deposi i on and
ﬁfﬁngm@m?ﬁhm Mglo?etﬂeiho)bedhrMWES)TmMgZiﬁf 388asked por'gl on 01; e1E Qrefgd
to herei n orﬁﬂﬁﬁpﬁéﬁﬁﬁﬁlﬁﬁ? 3&%?%#& ¥lét§'é&h'\§élr%%&ed%éj%&ﬁ% for
A dri o tr) el Roxy oLl ane {TES) . nd 33560, mgf“ i ch 1 qmpnml%gdgfed
foa bot PSS snARR b boat 1 Plflne Thepdne W‘srs%f“é%a% %h'%&f 61661

nitric acid solut i on. . The mxtuewassakenfo about b‘ﬁ @
EA a]c ase

olv S W tal
of the sol ugﬁ A vv§§ Ic%(;%{? edg %e: 9 7r g é% 78%%@?& t 80000(3%9

g wat qg kg ¥ al [I-L'Lﬁ pAci 0. 96
4.69 [00126] Bottomfi I m for topcoat: About 1 m TARF-P6111 phot oresi st was

-0-0 hi

condi 1 ond001387 BSRbl iR g 8pat Al TR ThRHirek o st VBB Bb Ao e |

19'nl ?n 20{ hlpDEn::g] type d-0-0 Ihighvwasistivitlp 1Si wafad Spmmndj)cmd|h0;msoﬁ:‘mfieStz!(;/attii‘,tioﬂeFiFél\r‘lmI nﬁt t he
[

t hen spun c???”és%ﬂi Jodr%trslﬁgbgﬁﬁ A% rﬁ%ﬁﬁe Tﬁgﬂﬁwﬁ%gggﬂm%gérgpgnsed

onto the [ehlpsmetsytude‘ter’mime fRedilm'sdhickness. was filtered with a 0.2p syringe

filter when it was applied to the wafer (spinning conditions: 7 sec. at
500 RPH/ t [e0132) ThedHTES sdibiihs ki ambient agédovensightthérn spuedonto 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
fo 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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10 135C on a hot plate. The wafer was submtted for ellipsonetry to

determ ne the thickness of the topcoat. [00128] The wafer was placed on

t he spinner chuck. About 1 ml of Optiyiel dTM photoresist devel oper was
puddl ed in the center in the center of the wafer. After 1 mn., the

devel oper was spun off (35 sec. at 3500 RPM. The wafer was rinsed with a
smal | 15 anmount of deionized water during the spin. The wafer was submtted
for ellipsonetr Table 13 @iler Thickneds Baforé apd ddter Developmentt el y renoved. Tabl e
12 denonstrates that the top coat according to the present invention is
readi |y renoved by dBefomct w th Beforgueous [Aftar wi t houtAftegati vel y

i npacti ng the undBevgliopmentsi Develloprhentl 2:Develapnidntc Kdexetoeénlr e and After
Devel opnment 20 Bef dResifef ore ATopCoafter DResisbpnent Tbpwsabprent

Devel opnent Devel ofimickhessPhot or Biicletes§op CoBhickPiess or esTBitkrnesp Coat

Thi ckness Thi ckness Tiintkness Thi(@kness (nm (m)y) (nm) () 204.49 61.45
199.50 1.57 [00129]200g® deposi tie0rb0and nmask20@Oas condddbed as descri bed
above. The unnasked portion of the film were then exposed to UVl1 for 3
seconds. mmeu] Thp GHTESsolbitioas wdrerambiznt agdrdmeginglatpersﬁpmcprﬂsmee bake (PEB)

135C f 25 I d.
Ao penphoRriHS P ARTERPIA, 38 seron @i hPBd et SRR " ©
devel gﬁer ;:lﬁairlb:ed(abogef){Tl’iK)umﬁas)mdsport'Bh?;Mf&m were themexm!;e_ﬂrt@MWtfbleS bat h gnd

W er, er r0C e | ose
1o 1 SEaas aref S G Fiie et hrbfiot 8 pBb: B BRHBIPER) i3T5 P05
substrat efor"ﬁhamgte?&fmrﬂﬁﬁ fmso Waaﬁhmsdewlegpledegl?gwn\?uémo 26MDMAH opti cal

t e er ne 11 m
e o e et R ol Pt B BRI SRR o
gl)mb t5 Examﬁh@v;;t’g Afngg?oass?ngi-ﬂgéwéir?u?nlgmbnlpyieﬂrtli\mﬂu?wﬁlnh witle thesprdper 233

u I c Il SI n
L ir B opPHtR Troe st dhagadd f5 BRdrhe bR Sundtafe, TR Semanri il Vs, .
added to abkatéd Byvar‘Bme compbuneopiical Micrescopessoaletett paitemed magtsi rF@lrr(B(Bg of

0.001 M me%lblgedal(r:en%hag aHé hnes rescb\ved down 4um (the limit of the mask).

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 mi 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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m xture was shaken for about 1 m nute. The pAcid of the solution was
calculated to be: g silica g solvent g acid g base g water kg total [ Ht]
[OH] pAcid 0.97 13.5 0.3 0 0 0.01477 0.0000003 0 4.69 10 [00131] Bottom
filmfor topcoat: About 1m TARF-P61 11 photoresist was spun onto a 100nm
type 1-0-0 high resistivity Si wafer. Spinning conditions: 35 sec at 3500
RPM  The wafer was calcined at 135C for 1 mn. on a hot plate. The film
was subm {0388] dihe vedfén waoifmen placed od diesspinmes chihek. ﬂinhlrdepltimitﬂR’t’\é’bstorﬂﬁt

00132] T i . ' th
E)hotor]esi lsE{%VHlEF‘%a%o@%qﬁ%slﬁtw%&rﬁ%&fﬁﬁ%g%?% yg;@hg@% %]gp he p o gresiest
film The off{85 atq. @hSﬁ@Q;RPM)t #he svatarmwasaspbay2p vethra small ambmrdroftdhienized was

liedt 35
P50 el ER B0, ERL B bloHRies L8 recBined O Ui 22 <,
subm t $ed pbdionetds pSemech SEBQO diipwmmatere t he 20 t hi ckness of the topcoat.

[00133] The wafer was placed on the spinner chuck. 1 m of Optiyield
photore3| |n t he center the center, of t he

devel op
waf er . ?%tvtqetﬁt -F‘? éﬁ%veﬁ% E% "gﬂ E 0Q RPM . The
waf er was FHEKEES i tHh gﬁ%tll ?fnt o omQ'@ &Rl g Q‘g%e? e spin.
The wafer wadS8MBubni ttéﬂm or e&v Qg?lretr YO8 determine if 25 pcoat was
conpl etely goved Tabl e 13 de trates that th(gm coat asgqigrdl ng to

t he pr esen?(S? ®hti on®P S5, eadllﬂor5ermve0980 cont th an ous base
devel oper w thout negatively inpacting the underlying resist. Mreover,
t he added dr.ophobi ci due to the pre ce of th fluorine a di d not
negat | vel §OVBRAPEeTRE AR e PORK O Besa oriaBades BROsme! SR PN, 30
-39 Tabl e irhgortdnit Fﬁiaﬁ’ﬂdt&k e prodBed adeecis baéé tepolyRareiatRME thdbebaoeaffish or e
After After Devel opnent Devel ogfrrent Devel opnent Devel opment Resist Top

Coat M@si e H'%Ofeélatth'drn?%@@ OFfPRN®ness Thi ckness Thi ckness (nm (nm
(nm) (nm) 200.99 60.50 200.99 0.00

Example 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 10.8g 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
3385 54 1.2 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 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 deionized
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[ 00134] The HTES sol uti ons were anbi ent aged overnight then spun onto the
photoresist film (TARF-P6111). The deposition and maski ng was conducted as
5 descri bed above. The unnasked portion of the film were then exposed to
U1 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 r enoveatdrduning thes s, hThenfbllowing ditn pwipeHiesmtere measured opribe sipped), t he
waf er onl | ' th the proper 10 positive inmage

al so desc%Pﬁ@ﬁkgds?%gg%@E&esEg@g@%{dgl'aé{és%Mbst rate. The exenplary fil mwas
observed by vari ous corrpound optical mcroscopes to detect patterned

i mages. Fi exh re and loj NES re own 4pm,(the limt
of the ma Ei 8 rrplt«:elr:8 Tr| ? % ¢ R ch‘éQi £ 15 ;Lr%?dﬁ% 54 Og
Al drich 1- u( 0 edto trlet1ox35|?ane :

poly bottle solu was s nand&48g0 n|tr|c
added and 2rrq’sxed agai %hq he pAC| of the1sol utlon9§/§§ cal cul atgg? fo be: g

0. 45 000 0daLTnG SobTUOG e SRRy bR oL Rais Tk notelt BE TSy ¢
TARF- P611br pmmtgterths depolymsrizatiom obthe domacda) GnaqUzous ppse-tordtaidingi sphutiorsi sti vity

The at er g PR ber Bayer 3B 86 prdte SRBRvETM SR AR ORI 97T T

sol ution was anbi ent aged for 5 days then spun onto a photoresist 25 film

1 m of tt& gg ;gﬂ %g\&f?&sﬂgﬂgﬁéjﬁﬁoé Q| waf er during the di spense segnent,

7 sec:l_?' I'spense, e vvafe_r was spun for 35 sec. at 1500

The. waf er %51 10 NG, BforBherias adiB & aihof or Btnn bl dhe i % 204

PEot gre5| pblyetbgleabdnpﬁle \Néusspmlidh was ishakdncarceh2g 0. OﬁﬂMtrﬁmicwaﬁemas gfdedr 1 mn.

t I d

w th 5 sl i EaRfes s =™ g B en vt 1R VST, |

propertles yn«?d he |ppe 8 Pop was +spent eghy .SE800.;
SR RRT Th aRF G

el |'i psonet &; SI st at % or €54gabo 4 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 ml 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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Thi ckness Thi ckness after Topcoat Thickness (nm Photoresist (nm (nm
Devel oper Loss Retained (nn) 202.4700 63.98 1.05 98.4 201.26 99.4 [00139]
Thi s exanpl e shows that the pAcid of the solution and the choice of sol vent
are inportant paraneters to produce aqueous base depol ynerizable fil ns
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

Al drich 1{eom8]dhisendnile Sgménsiratesithat-ghangiag sbiverts and pded. cafitelstol ut i on was

shaken and 1.2 001 ri n i Ihe pAcid
of the sol'rﬂ?rlo&ﬁﬂq\ﬁa%toragg%hix fgh?go%‘g’m@@’gl?g%@tgg tdaﬁq @%h% gg{r Iégﬁ%ase g
wat er kg ichamgding the]deptimieripationddf tig: Bpcdat ilaquedud bas@E@TainhgEodtion? 0 4. 69
[00141] Bottomfilmfor top coat: TARF-P6111 photoresi st was spun onto a
100mm & 20 type 1-0-0 high resistivity Si wafer. Spinning conditions: 40
sec. at 3ExamBRN2:shiallioxysilanelzdgeBdtandl. The wafer was cal ci ned at 135C for
1 mn. on a hot plate. [00142] The HTES sol ution was anbi ent aged for 7
days t hen [8Q150] G#t0y of Aldrichdrimstasdl wakiddded fio 3B5gAldrinke tristhaxysiamewns 49l i ed

to the wafe S f

di spense. PoHEMYeroliend iR Spafori 8y Bibien; 025 oty Mifle Sl dflbs

cal ci ned anhd t@bsoidition wasinixed agaia. bk picilt of the SR wahealowdted tabes then

pl aced on the spinner chuck. 1 m of Optiyeild M Photoresist Devel oper was
puddl ed i n gdiraceptsaiveraf §hed wabease Afdwaterl nkatotdl he deltde] oper[Ohes spArd
of f (35 sec.3sst 35064RPM .1.7he waf er wad) sprag.esbodi t h cedoondl | afount 260

dei oni zed -41 water during the spin. The following filmproperties were
measured on the stripped portion was a Sentech SE800 el li psoneter.

phot or esi §0015dp ButtbmTdmdortop Zopth PABFeRE 191 photordsist kvasspun lontokan d8emmfht er

bt Bo S8 b ARG VRIBL SR ok e AR SIS
m xt ur es chagetveht Themzfenats adltieet at ha5°GHot dbmirsicnta hot plate.

15  [00152] The HTES solution was ambient 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) photoresist
(nm) (nm) (nm) loss retained
275.82 48.22 05 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.

30
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or change the de polynerization of the top coat in aqueous base-contai ning
solutions. Such m xtures, however, may aid in the storage stability of the
filmformng mxture. Exanple 31: Triethoxysilane and 1-Propanol 10

[ 00145] 54.0g Aldrich 1-Propanol was added to 3.85g of Aldrich
triethoxysilane in a 4 oz. polyethylene bottle. The sol ution was shaken
and 1.2g 0.001 Mnitric acid was added and the solution was m xed agai n.
The pAci d BEzémbles33 o0l ution was calculated to be: g silica g solvent g acid g
base g water kg total [H+] [OH] pAcid 3.85 54 1.2 0 0 0.05905 0.0000012 O
4.69 15 |{~]55]5]27B\6’tgofrAIﬂliidhﬂ-butanOIcvgascadded td'ARFS@GﬂAIﬂmclpttbﬂmXESiiase ias spun

20 seo.  abouEbyeiBRoNE e Rufiorl 3 Giath befdarkFs 2 o FHOMMAICHE | “135¢
for 1 & nwasraddethand meeswtlom@amwyasTmme&lT EBe pAtidtdf tre sedligionwsiscealculaded! f or

13 days thep g n onto a photoresist film 1 m of the solution was
applied t(t> % fer during the dispense segnent, 7 sec. at 20 500 RPM

oal ai ned NOR8L Bof tinior 8B SoabYARESSq 117 oh6forestt) aea HRuREN o MonifRjee: ves
pl aceddglntyplea-@-m higire resistivibkSiavederl Spmmrig ¢Z¥ndltybesl4ﬂl'$ﬂc H\%ﬁQ@r%%l}ﬂssOlM!el oper
spun’of 1 CoaieBl M (iR sr o pABMELE e Co0T mbn, Bl g SRS TE TEFT aoun
O oS SRR TR PIES UL i arfileh agbdor DlaithilBshin (RBEOARIGeSS Mer o

measur &d Stri porti on was nt ec rret er.
phot or esi $itm.Tomtofdhe Eolpttmmwa@/amﬂled(w ﬁ-@umfe%urmmtb&depsnaemegmmss? sefct alr

strip Top e r n 0 lWped

275, 06 66590 RPNy A Sy ne 4RSSt iy sk RS0 REm Tho KB R

t hat changalipedat ¢35CsfonmdnipAvi alhetpiathe histresuliethin avap cdat with arthignessai | ity
of the to m xture w thout affecting the photoresist or changing the
depol ynerization of the topcoat in aqueous base-containing solutions. 5
Exanmpke 32: Triethoxysilane and 1-Butanol [00150] 54.Cg of Aldrich

1- but anol E‘Q@E;Fédfgfd to 3.858 Aldrich triethoxysilane in a 4 oz.

[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 resuited 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
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pol yet hyl ene bottle and the solution was shaken. 0.1.2g of 0.1 Mnitric
acid was added 10 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] pAcid 3.85 54 1.2 0 0 0.05905 0.00012 0 2.69 [00151]
Bottomfilmfor top coat: TARF-P61 11 photoresist was spun onto a 100mm P
type 1-0-0 high resistivity Si wafer. Spinning conditions: 40 sec. at 3500
RPM sol utniged brdﬂfbf@'d -2147g of OTOR25Marhitric asskwasnaddedamnddhe $al8tiDrf was agaiin. on a

hot pl ateml)](é ﬁg é éidﬁpﬁp!?ﬂﬁﬁo'iwg#%@m? estoggqt@glt aged for 13 days then

spun onto SIS S 1 on was applled to the

warf er d””ﬂ@lézﬁ‘%o% 6 tﬁg%ﬁg%ﬂggfﬁ%ﬁ%tor?ﬁ&WMs {o dyghiRpss, the

waf er was "Spun”for sec er was CI ned at 135C fo
1 mn. on tgpenbO-Qnigh eesigtigity Sdyafeh Spimieg corditionse4? m@abaﬁQﬂwRPMeS@pﬁlqmer

chuck. 51 %ﬁ@f %‘i'?ﬁéﬁﬂé%&%u@ﬂ%%ﬁ% Ef\"lﬁlll Qiﬁeéh atguddl ed in the

center oper was pun off (35 sec. at

3500 RP t
duri ng t“?] T8 TS Bpia it as abiett STl 4 caf R so i oftB chitci et of
stripped fibnt1 mhomas saluiemwas apmleeoo the Wafpsmrmgethe dishenss segmant, ﬂo?ﬁ%ﬁ‘t

T t % k
(ry  phot GEORE SRS sishertsd, GENERST Y <HENIAT e el bt Pl oo G oy eSS
274. 65 99.c8lcired gt 003%1for Thmin. @xahpl pateh dhis resiltedrin adomoent withabthickeessvaint s

are cggablg pf,coating the photoresist effectively wthout affecting the
phot or esi st or changl ng the depol ynerization of the topcoat I N aqueous

basi c dev T, t I
OREY Eac A ShwreYfeafbdlid fllods. pt ano
was added t 01 At h%% rc ?P%g?rﬂéxyy ?ém%‘al 3n \g epo Qdé]yl ene bottle.
The sol ut |senemfs~@taaﬂr@nletawqﬁlqlac&d@cmsﬂ@e wafep aDGIiONS hmerlnt@rvatﬁ dAferaas
added and b@nphyas
cal oul at o8 o PnERY B8 0P e iviE fomalieh oy g lry ifose) g
phot or esi sampiesurdipthe sampte appeedediorbe dry. This will be designated process condition 1.
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

35
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type 1-0-0 high resistivity Si
RPM sol ution
hot pl ate.
spun onto a photoresi st
waf er during the di spense segnent,
waf er was spun for 35 sec.

1 mn.

50.3 nm 15 Exanple 34:

charge-1 m .

waf er .

7 sec.

at

Spi nni ng condi ti ons:
The wafer was cal cined at 135C for
10 [00157] The HTES sol ution was anbient aged for 4 days then
film 1 m of the solution was applied to the
500 RPM After dispense,
at 1500 RPM The wafer was calcined at 135C for
on a hoftTapleat4e Waliti IdarkeBafédte dniHydeophopicJoatCoaits h a t hi ckness of

[00158] 277.7 g of Aldrich 1-butanol

40 sec.

at

1 mn.

3500
on a

t he

was added to

19.199g off Al dricH triethoxysi|l anvatextDioplet Ting onfthe Surface of the Film (water
3,3,3-triffl uoroprlopyl tri met hgxysil ane in a podefethybeM bottle. The

sol uti on |vxampl@ [shaRejtek® Ni[X a8 mind 79| 0f1.HnflA25M rs.5mia aci dOvmiradded
and the sol ugi on (wagomditish dgain. The pAcid of the solution{was cal culated
to be 4.69 5 . T'N TARFFPOL i1 PNOt or ERl St Was
spun ont g—a O P type I=0-0"M gn res| sty Ty S wafgr.~ Spi nni Rg
condi ti oms—#D—sgcC: dt33500 RPvt bEFULIUI Hgrge- L m o yThe ferynwas

cal ci ned Eat—135C{for—t—mn—gnmeahot—ptate—25 100160 The HFES SOt ution
was anbi ent "‘Fgcd for 41daya then—spu—onto awhutu Ubibﬁq frtm 1NIII off the
sol ut i on rwas;apphted t% the—wafer—gur-hagrthe N’.‘i spefrse—sgoments 7.—J ec—at
500 RPM FAHEF dispcnska, t+he—wafer-was—spui—fpr—35sec——at—1566 R M-—Fhe
waf er was—eitci-ded—at-9135Cflor—1—Min—oh—aHit plate- ISllhis testtted—n a
top coat pw-th-a-tihi-ckness—of 1627 nm—3pExarpleB35—0016H 2+H—7+og9f

Al drich 1-butAnoll was dtlo 17 Mg of AldNch t1i ot Hxysilane Dad— 2. 63
g of 3,3, ~199f1 nrnnrrzn\llfrl met hﬁN\IQI | ahe | rNa polyethyl enetbott qe_ The
sol utionlwas3d-44 nixed brieflly an 2 47h of W 0026M nif¥ric acid | ided

and the solution was again
162] Bottomfilmfor top
68D hferoreggipg examples ang Heﬁ@'ﬁ'@'ﬁ pt/ﬁh@yargﬁr%fs@#md's;ﬁn#ﬁﬁw
hBPMan%@'IlHﬁﬁr@rthe Ere%gﬁtr |H~jﬁ‘én¥lomas défifed'\&/

on a hot

to be 4.69.
spun oft o [@0

condi ti ongyg té|£bn5é%clllus@|tatl

cal ci ned

10

1[00

at 135

ﬁ%‘f'(}Qt

coa

pl ate.

at ;

m xed. The pACI d of the solution was cal cul ated

TARF- P61 11 phot or esi st was

e wWas

The HTES sol'uti on was
anmbi ent aGEiMms. oAs mllmﬁ/@aﬂmeappgw#eémww%&f@t@% apd combinations of the

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

and scope of the invention, and all such variations are intended to be included within the

scope of the following claims.

-46 -



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 mn. on a hot plate.
This resulted in a top coat with a thickness of 10 49.4 nm [00164] Each
of the sanples fromexanple 33, 34, and 35 were treated as follows. A
series of water droplets were placed across the wafer at various tine
intervals. After a designated peri odCAIMS ne the water was renoved by

bl owi ng dry nitrogen across the sanple until the sanple appeared to be
dry. Thi s W thlainme desi gnat ed process condition 1. 15 [00165] Another series
of droplets were placed onto a new area of the wafer at various tine

i nt erval s.1. Af t & mathddSorgnaltiegla gepolpuieddable fop cobemeatetiakfonase inentithegiagiyc

bl owi ng dr nit ross. the sanple until the sanple appeared to be
dry. The %ﬁgth%%eﬂp%ﬁ "PPJE{n@d at 100C for 2 mnutes. This will be

desi gnated pro Q h ets were

pl acedgonto a %@&ﬁgﬁeé;@g%lj(ﬁ%ec%\rgﬁogﬁ%ggh@%hﬁgﬂgIay%SB ﬁnoégl%rsl@é@@al s. After a
desi gnat ed:ompbsmd-l ocBmprilsrirag 4 biicomatantainiag pelyaeo pedpacedoyy il-gel procedsing aanpl es

with the ets stil.l on the surface onto a hot plate at 100C for
1.5 minuts ass?oq%th%ﬁqu%g 8e3| gnated as process condition 3. [00167] At

t he concl usi on it exan ned
under an opt | caAoRPRRCB e PLBRGPE RrERAL i Apell 3R bl

def ects orabbhtefZOOZG wlnerémdbeellccjrheorttmpmg@atymerin mbemmcwadsmaiemt er mark

def ect, ,0b I ot herwi se no (N)
is nob%d %%glg esu l‘l'r}gtécgg? ﬁgﬂé%flg agéch%@ﬁ-gssao lm4{§|'1Tabl e 14: Water
Mar k Defects on Hydrophobl c Top Coats Water Dropl et Tinme on the Surface of
the Film (water defect Y or N Exanple Process 0.5 min 1.5 mn 5.5 mn 10.5

mn # Co'ﬁd' T %eﬁetﬁo&\lo%iglr#1 mﬁ'l%re%n hllel\ét%ﬂt o§§ sﬁ‘?cé\gchllr&\é %mg’r%e% atiedsfN N

one silica source of the formula R.Si(OR")44,
wherein:

15 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.
20 3. The method of Claim 2 wherein R is a hydrogen atom.

4. The method of Claim 2 wherein the at least one silica source is at least one
compound selected from the group consisting of methyltrimethoxysilane,
methyltriethoxysilane, methyitri-n-propoxysilane, methyitriisopropoxysilane,

25  ethyltrimethoxysilane, ethyltriethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, diethyldimethoxysilane, diethyldiethoxysilane, trimethoxysilane,
triethoxysilane, tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-
butoxysilane, tri-tert-butoxysilane, and andtriphenoxysilane.
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342 NNNN 34 3 NNNN 351 NNNN 352 NNNN 35 3 NNNNS5

[ 00168] The foregoi ng exanpl es and description of the preferred enbodi nents
should be taken as illustrating, rather than as |imting the present
invention as defined by the clains. As will be readily appreciated,
numerous variations and conbinations of the features set forth above can
be utilized without departing fromthe present invention as set forth in

t he cl ai n. Sucmne\méthedi bbOlaina & avheedin thegstrelst ons siticalsqace corepdisesm t he spirit
10 and scafq @he invention, and all such variations are intended to be

i ncl uded '?‘WW¥ ¥ scope of the following clains. -46 CLAIMS W claim
1. A nmethod for making a depol ynerizable top coat material for use in a

l'i thographic process, the nethod conprising: 5 applying a layer of a

2 a1 conStont AT BPOGER g R &R She s s AP SO 0"

silica5sow,@ad Fand subjecting the layer of top coat material to a
tenperature of fromabout 50 to about 200C, wherein the silicon-containing
polymer in the top coat material 10 depol yneri zes upon exposure to an
aqueous base-contai ning solution. 2. The nethod of Caim1 wherein the at

| east one 7si | i dhesvethod ot Olajm 2sderein tHeesilina soorme inifirices gbleagionef t he

formul a i - wherein: 15 R independently represents a hydrogen
atom a %8&%?@? ArPg‘Pﬂ a fluoroal ky group, a perfluoroal kyl group, or a

nonoval ent organic group; Rl independently represents a nonoval ent organic
group; and a is an integer ranging froml to 3. 20 3. The nethod of Claim

2 wher g' NgRis ﬁew&h%‘c’sf‘cr’é r{? ﬁ]lweh;ég?ﬂ ?ﬁeeﬁﬁ%%%gr&fcoglpﬂsg% 3t Mh& g the at

| east One Silica solUrcCe
perfluoroalkyl group.

9. The method of Claim 6 wherein the at least one silica source comprises at least
one compound selected from the group consisting of 3,3,3-

15 trifluoropropyltrimethoxysilane, pentafluorophenyitriethoxysilane,
pentafluorophenylpropyltrimethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)-
triethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)trimethoxysilane, tH,1H,2H,2H-
perfluorodecyltriethoxysilane, nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-

20 tetrahydrodecyl)triethoxysilane.

10. The method of Claim 9 wherein the at least one silica source comprises 3,3,3-
trifluoropropyltrimethoxysilane.

25 11 The method of Claim 1 wherein the at least one silica source comprises:

at least one compound selected from the group consisting of
methyltrimethoxysilane, methyltriethoxysilane, methyltri-n-propoxysilane,
methyltriisopropoxysilane, ethyitrimethoxysilane, ethyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane,
30 diethyldiethoxysilane, trimethoxysilane, triethoxysilane, tri-n-propoxysilane,
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conpound sel ected fromthe group consisting of nethyltrinethoxysilane,

nmet hyl tri et hoxysil ane, nethyltri-n-propoxysil ane,

met hyl trii sopropoxysilane, 25 ethyltrinethoxysilane, ethyltriethoxysilane,
di met hyl di met hoxysi | ane, di et hyl di et hoxysi | ane, di et hyl di met hoxysi | ane,
di et hyl di et hoxysi | ane, trinmethoxysilane, triethoxysilane,
tri-n-propoxysilane, triisopropoxysilane, tri-n-butoxysilane, tri-sec-

but oxysi | atigopropaxysitane; biut-butpsydilane tri-sacbatodysilapddridery-butosysiiane,4nd5. The
met hod of Claim4 mh%%Fin(ihe at | east one silica source conprises
triethoxyprﬁﬁgém%(ySI & A% hod of A aim2 wherein the at |east one silica

The <i 1 ca sourkisasta itouty pisBR dom e gty BERIP0 8 3 1% 710"

met hod of t@lueropr@pyittimetiarysibee gdntaflacphenyiriethogysilers at | east one

711 caSsonrlbnudhiFustontfelBdoing hisdulle Sort B aditbneec, 00°

consi st i ngriethodsiar2, {thdéoafilidrootr, 6,a12aetrahydronetyiinmethbeysidane, 1H,1H,2H,2H-

pent af | uor opgheny] tr.i et hoxvsil ane |, L.t.rd . i | ane,
(er1 decar PobbgreHeryisRYRpRRiEne SPpnudaRs i BRGNS MehRidetitusrs 1722

(tri decaf leteahydiodécy)t@mbthbrysignk, @od (lydptadecatadrodyse lane, 1H, 1 H, 2H, 2H

perfl uoroq cyltriet I}gx%ﬁi | ane. nonaf | uor ohexyl tri net hoxysi | ane,

hept adecaf'f 850119915,’ l -o’fyépﬁ”?hydr odecyl ) tri net hoxysi |l ane, and

(hept iﬂecafl uoro-1,1,2,2 20 tetrahydrodecyl)triethoxysilane. 10. The met hod
of darm9 wherein the at |east one silica source conprises 3,3, 3-

trifluoroptopyl-tri i . 0, éEﬁ%ﬁ' erein the
at | east gl%é Sil C@&EQ@?@%@@E”hégeér}%ea%ﬁ%esg@ﬁé‘%ﬁcg 5({'.:C'(ygrépoun I"sse ected from
t he gr oup tdethetysianegandf 3,3 Setitydropropgtrinetysdvsiane, net hyl tri et hoxysi | ane,

met hyl tri-n-propoxysilane, nethyltriisopropoxysilane,

et hyl tri nmet hoxysilane, ethyltriethoxysilane, dinethyldinethoxysilane,

di met hyl di et hoxysi | ane, di et hyl di net hoxysi |l ane, 30 di et hyl di et hoxysi | ane,
tri met hoxyl$i | arfdne rethed bbRhaisn Ravherein the top soalfustiyeri dogpeises a ggromophore.

15
14, The method of Claim 13 wherein the chromophore comprises 5,8-dihydroxy-1,4-
napthoquinone.
15. The method of Claim 13 wherein the chromophore comprises 2,4-hexadienoic
20 acid.
16. 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;
25 applying a top coat material adjacent to 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;
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triisopropoxysilane, tri-n-butoxysilane, tri-sec-butoxysilane,
tri-tert-butoxysilane, and andtriphenoxysilane; and at | east one conpound
sel ected fromthe group consisting of 3,3, 3-
trifluoropropyltrimethoxysilane, pentafluorophenyltriethoxysilane, 5
pent af | uor ophenyl propyl tri met hoxysi | ane,
(tridecafluoro-1,1, 2, 2-tetrahydrooctyl)- triethoxysil ane,
(tridecafl uor Oﬁﬂanﬂac%g'&h'emwwm ao atjyégusrbasechotaining sohdionlo Ferieye2H, 2H-

per Fl uor odecy] tri et hgxys af | uar.ohex ri h j
Pept adecarripnes sy S48 ot Faaibi o BOTHRRs Pt bp RhEpLARHer Mooy
(heﬁt Sde?ﬁéfrmg Qpéttévmad Bhotbwﬁrsaiaydrr @dmeyhétéarlalwyeqmi llane. 10 12. The
met hod o ai er e.a t a C iS.
[T1 et hoxys | andeBraNSE4ne et in e pppsn e i B8 rStpifi et et b o
of dagm Zao%wrebmpbhaatbomectoﬁboétuﬁétéﬁaﬂ icdapolynserized upbm oontpttavith.the 15 14.
The met hod of aim 13 wherein. the chronophore conprises 5,8-dihydroxy-1,4-

napt hoqui ﬁGHﬁouslboaseﬁ?Et%?$§%| %91 ai m 13 wherein the chronpphore conpri ses

2, 4-hexadienoic 20 acid. 16. A nethod for formng a patterned |ayer on an
atri cle, the method conprising: providing an article conprising a materi al
| ayer; for@ing T&nepi‘uth@d ebsClaim e whereimthelat loast ene silicd sopece catpriseplayleast a t op

coat materjal acent o .t he of. ist layer, thereby formng a coated
article, Pﬁ%sWS% Bﬁﬁ?oﬁ&Pé?”gﬁgggﬁgigﬁf%g a silicon-containing pol ymer

pr epatr, @d by sol - . processing at |east one silica source; exposing the
photo si st Iang o] | magi ng |rrad|ation t hrough a patterned nask and

through the to rla optact.i ti.cle eous

base- cont ai ni ns2 @g?rﬁﬁ'{‘%ﬂ %?PF%S&B% ﬁ%&@%%ﬁ@o%@ﬁﬁ%ﬁ%‘o%%é@? ﬁiﬂ& erral

and porti aperidordaleyl groipooes nohovaigrdorgdriegreby; form ng a patterned

phot oresi st layer on the material |ayer; and transferring the pattern in

t he phot or esi sﬂ?”uax;apendentlyhepneaerﬁsazmodoaalentorgbmcgrmlpt amed 5 pol yner

conponent of the top coat material is depolynerized upon contact with the
a is an integer ranging from 1 to 3.

15

18. The method of Claim 17 wherein R is a hydrogen atom.

19. The method of Claim 18 wherein the at least one silica source of the formula
R.SI(OR")4, Is at least one compound selected from the group consisting of

20  methyltimethoxysilane, 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

25  andtriphenoxysilane.

20. The method of Claim 19 wherein the compound is triethoxysilane.

21, The method of Claim 16 wherein the at least one silica source comprises Si, O,
30 H,C,andF.
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aqueous base-containing solution. 17. The nmethod of Caim 16 wherein the at
| east one silica source conprises at |least one silica source of the
formula ROSI (OR )4.a, 10 wherein: R independently represents a hydrogen
atom a fluorine atom a fluoroalky group, a perfluoroal kyl group, or a
nonoval ent organic group; Rl independently represents a nonoval ent organic
group; and a is an integer ranging from1l to 3. 15 18. The nethod of C aim
17 wherein Ris a hydrogen atom 19. The nmethod of Caim 18 wherein the at
| east one silica source of the formula RaSIi(OR )4-a is at |east one
conpound 28| ectTdd mMathad bh@&laipn 28 wheosm thestilicagoufce20mpeises at leastenhoxysi | ane,
met hyl tri gt hoxysilane, nmethyltri-n-propoxysil ane,
nethyltriﬁgggﬁ%ﬁgyﬁg?lane, et hyl tri net hoxysil ane, ethyltriethoxysil ane,

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

di et hyl di et hoxysi | ane, trimethoxysilane, triethoxysilane,

tri-n- Qr ga@XySiﬂhgqﬁethoé H (?I?@ﬁ):l?%??@?ﬁ th3"icasbl) cg'cgg@ﬂg%s;%t'rl?ﬁgﬂgxysi | ane.

tri-se at'oxysi I'ang, oxysil-ane, Al

20. The nmpetHdraatkyCh@um 19 wherein the conpound is triethoxysilane. 21. The
met hod of Claim 16 wherein the at |east one silica source conprises Si, O,
30 H C and F. -50 22. The nethod of Caim2 wherein the silica source
conprises at |least one fluoroal kyl group. 5 23. The nmethod of Caim 17
wher ei n t 124. si Mheanstbod oClaiom b7 wbeteirathel a4 iasst onrealky @reuneameraisry bt l§astup. 24.

The net ho I erein the at |east one al kyl group conprises at
| east ongngﬁlﬂgfjgg(%;ugroup. 10 25. The nethod of Claim21 wherein the at

| east 4@ne silica source conprises at |east one conpound selected fromthe
group consisting of 3,3,3 trifluoropropyltrinmethoxysilane,

pent af | uorgpherRylthdfbABr¥Rin 20 Gerein the at least one silica source comprises at least

one compound selected from the group consisting of 3,3,3-
trifluoropropyltrimethoxysilane, pentafluorophenyitriethoxysilane,
pentafluorophenylpropyltrimethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)-

15 triethoxysitane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-
perfluorodecyltriethoxysilane, nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl)triethoxysilane.

20 28 The method of Claim 25 wherein the silica source comprises 3,3,3-

trifluoropropyltrimethoxysilane.

27. The method of Claim 16 wherein the at least one silica source comprises:

at least one compound selected from the group consisting of
25  methylfrimethoxysilane, 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
30 andtriphenoxysilane; and
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pent af | uor ophenyl propyl tri met hoxysi | ane,
(tridecafluoro-1,1,2,2-tetrahydrooctyl) 15 triethoxysil ane,
(tridecafluoro-1,1, 2, 2-tetrahydrooctyl)trinethoxysilane, |IH, 1H, 2H, 2H

per fl uorodecyl triethoxysi |ane, nonafl uorohexyltrinmethoxysil ane,

hept adecafl uoro-1, 1, 2, 2- tetrahydrodecyl)tri nethoxysi |ane, and

(hept adecafl uoro-1,1, 2,2 tetrahydrodecyl)triethoxysilane. 20 26. The net hod
of Caim 25 whek Riast dirhﬁccslhﬂduﬁd seleuredefronomprgraﬂscdhs&nﬁg of 3,3,3-

trifluoropr | tri ane, C1a|m16 wherein the at
| east one%gﬁig?l ge @"‘%WP? sp@g%aﬂualiopﬁ%rgygtpe@ﬁ Mpound sel ected fromthe
group C0nSpeﬁtfaﬂﬂ@opiﬁer%rﬂiﬁ,ﬂth&ietﬁdxﬂﬁl‘ah@)((yﬁiebm;'o nﬁtma-ltetra'mdmmym | ane,

ot hy! 11 SRS R BT e R PR S DGl H e,

di met hgl dIpetfiﬂlﬁmd%bjllméﬁ\oxﬁs|I@hé,yﬂcﬁhaﬂﬁdrbﬁewﬂnmamexysudmeatﬁeptadeeaﬂmnyw1232}6

trimet hoxysil ane ri et | ane, tri S

triisopr 05 Brogﬁ‘éyl)t'?'T'Ft?' ’¥ Y5ilRnss o |(I%‘erpéad$pﬁ ﬁ b%?oxym | ane,

tri-tert- b@ttgwgymdbaﬁﬁnem@@sua’iﬁ andt ri phenoxysi l ane; and -51 at | east one
conpound sel ected fromthe group consisting of 3,3, 3-
trifluoropropyltrinmethoxysi |ane, pentafluorophenyltriethoxysilane,

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

( tr i decaf 1280r o-Theméthad bmiamiﬂgu mrﬂiwthb-atﬂedsebmmsdﬁm scames, cqnoprisgecaf | uor o-

r 00ct rretho lane, 1 H 1 H 2H 2H 5
perfl ﬁgroé@é@?’f%éj W%’%’ é‘"c’“f‘ﬂfﬂ U@FW&VP?N net hoxysi | ane,
hept adecaf |l uoro-1, 1, - tetrahyd rodecyl)trimethoxysilane, and
(hept adecaf | uor o- 1 1 2 2 tetrahydr odecyl )triethoxysilane. 28. The nethod of

Cl aim 27 erei a [

triet hoxyggl aneTrP' 0%0436&% ?“@P g%%ﬁ?# ﬁ?{%@%ﬁh}ﬁg‘?mﬁﬁﬁe met hod
of C ai m Hhrompheren t he top coat rraterl al further conprises a chronophore.
15 30. The nethod of C aim 29 wherein the chronophore conprises

5, 8-di hydr oxy- 1, 4- napt hoqui none. 31. The nmethod of C aim 29 wherein the

chronophore conprises 2, 4-hexadi enoic acid. 20
15  30. The method of Claim 29 wherein the chromophore comprises 5,8-dihydroxy-1,4-

napthoquinone.

31. The method of Claim 29 wherein the chromophore comprises 2,4-hexadienoic

acid.
20
32. A composition comprising:
a silicon-containing polymer prepared by sol-gel processing of at least one silica
source;
25 a stabilizer,
a solvent;
optionally a catalyst; and
optionally water,
wherein the pH of the composition is less than 8.
30
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32. A conposition conprising: a silicon-containing polymer prepared by
sol -gel processing of at |east one silica source; 25 a stabilizer; a
solvent; optionally a catalyst; and optionally water, wherein the pH of
the conposition is less than 8. 30 -52 33. The conposition of C aim 32
wherein the at | east one silica source conprises at |east one silica
source of the fornula R3Si (OR )4a, wherein: R independently represents a
hydr ogen @Bom Thefcotposition et Olaim 32 Whereirothekat leasbone silica soupes ¢dnumisealaky |

group, or . a nov.al ent or i r Rl Ndependent |y represents a

nonoval en{eagf‘é%%g@cag?odﬁ?ﬁgf;ﬁ%ﬁor&lu%#%h%ger ranging from1 to 3. 34. The
conposi tion of %lFaé.rrln 33 wherein Ris a hydrogen atom 10 35. The nethod of
d ai m 2 wherei ¥ thé™silica source conprises at |east one

pent ar f | uor osulfur.anyl oup. 3 p al, af [ | phi ¢
process prepar g{j'ng?/p%gﬁ g{bﬂ/'}éﬁ’&e séﬁﬁsa%d?%ﬁe%aatﬁrﬁh%ggﬁ?r[nle;!%grgdjg g@%'Jr?tL" ﬁ‘? gg%“%r ayer
of pho5or esiestiuorddileyl gmupporsa moaavatentprganiogroap;si | i con- cont ai ni ng pol yner
prepared by sol -gel processing at |east one silica source, wherein the
| ayer is ready R independertly aepgrepeni®atmorenaeotxrgamiagtoupsamg ect i ng t he | ayer
of top coat material to a tenperature of fromabout 20 50 to about 200C,
wherei n the silkiisenirdegaraamgimgfrpolyod in the top coat material
depol ynmeri zes upon exposure to an aqueous base-contai ning sol ution. 37.
The top coat of Claim36 wherein the at | east one silica source conprises
at | east 325 ofbesbinpositisoof CleinpB3 wherdipRrisiahyReger aRkim.4- a, wherei n:
10
35. The method of Claim 2 wherein the silica source comprises at least one

pentarfluorosulfuranyl group.

15  36. 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 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
20 50 to about 200°C,

wherein the silicon-containing polymer in the top coat material depolymerizes

upon exposure to an aqueous base-containing solution.

37. The top coat of Claim 36 wherein the at least one silica source comprises at least

25 one silica source of the formula R,Si(OR")sa,
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

30 a is an integer ranging from 1 to 3.
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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 30 a is an
integer ranging from1l to 3. -53 38. The top coat of Caim37 wherein Ris
a hydrogen atom 39. The top coat of C aim 37 wherein the at |east one
silica source is at |least one 5 conpound selected fromthe group

consi sting of nethyltrinethoxysilane, nethyltriethoxysilane,

met hyl tri-n-propoxysilane, nethyltriisopropoxysilane,

et hyl t ri m88hoxyiheltomeoatef Kydimrd7aettenein R isatydrafjemsttitrgl di net hoxysi | ane,

di met hyl di et hoxysi | ane, di et hyl di net hoxysi | ane, di et hyl di et hoxysi | ane,
trimethoxysilane, triethoxysilane, tri-n-propoxysilane, triisopropoxysi

| ane, tri-n-butoxysilane, tri-sec 10 butoxysilane, tri-tert-butoxysilane,
and andt r i38hendhesop avat.of ClaimTBTevhergin duenst ledst Chaisiicad sowhe iscatrieashenait | east

one sikic i | et VS . op coat of Claim
37 uhePel BT MUY sigtB Waffne o CeRgin ifemyitnidngiglP, Fo7 20 S
42. The t opetbytiethoky<laae, mefyltthepeipoxysians,imetbytrisnprepoxysiipei ses at | east

one 11 UOr 48 iBne ApAfenTARibAE difhyBndhalialp, wherei n the silica

source conprises a ugroa The top coat of
Cl ai m 41 \direetbyldietHoaysikané edisthyldineetiaxysitmnes diatinddiethopysilars, tamethexysilang25 one

conpound fr r i .Sting. 3, . .

trifluor ogféc}ﬁ(;g/){y? %n&ﬁ' E@‘i’@@?&sﬂgﬁe3@%@%’?%’@3@%%&&? ﬁtl—oe %Iggs’stplsgﬁe,

pent afl0uobopixgsilahpy tiggittbutaxesitaos yagid andérjphenoxysilane.

(tridecafluoro-1,1, 2, 2-tetrahydrooctyl)- triethoxysi |ane,
(tridecafluoro-1,1, 2, 2-tetrahydrooctyl)trinmethoxysilane, 1 H 1 H, 2H, 2H

per fl uorodecyl triethoxysil ane, nonafl uorohexyltri nethoxysil ane,

hept adecafOuor dhe,tap 2o of SlhimaSrvetieyein dokealledst ohensiline ggwce samprisasd

(hept adecaf 1,2,2- tetrahydrodecyl)triethoxysilane. 45. The top coat
of Claim ?iétmg%”ﬁ' the at | east one silica source conprises 3,3, 3-

15 41, The top coat of Claim 37 wherein the at least one silica source comprises Si, O,
H, C,and F.

42. The top coat of Claim 37 wherein the silica source comprises at least one
fluoroalkyl group.

20

43.  The top coat of Claim 37 wherein the silica source comprises at least one
perfluoroalkyl group.

44, The top coat of Claim 41 wherein the at least one silica source comprises at least
25 one compound selected from the group consisting of 3,3,3-
trifiucropropyltrimethoxysilane, pentaflucrophenyltriethoxysilane,
pentafluorophenylpropyltrimethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)-
triethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-
perfluorodecyitriethoxysilane, nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-
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5 trifluoropropyltrimethoxysilane. 46. The top coat of C aim 36 wherein the
at |l east one silica source conprises: at |east one conpound selected from
the group consisting of nmethyltrimethoxysilane, nmethyltriethoxysilane,

met hyl tri-n-propoxysilane, 10 nethyltriisopropoxysil ane,

ethyl tri net hoxysil ane, ethyltriethoxysilane, dinethyldi nmethoxysilane,

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

t ri met hoxyetrdhydedetyljtirmbibsysilare) @and (neptadeeatypmeytsi,2.ane,

triisopro Si.| ut oxysi |l ane, tri-sec-butoxysil ane,
tri-tert- @%F%VQ%@PSHB t@ﬁg tri phenoxysilane; and 15 at |east one
conpound sel ected fromthe group consisting of 3,3, 3-
trifluoropropyltrimethoxysilane, pentafluorophenyltriethoxysilane,

pent af | uory phenyl "

(tridecaf | or On% %5;88%& ogp@h'hﬁ;%g@éé% lrﬁfe at Ieast I 8)§|Ilcs:a Fource comprises 3,3,3-
(trideBaf Itmftuonep]:oriyltﬂrr@mosysnahgdrooct yI )tr| rret hoxyS| lane, 1 H 1 H 2H 2H

per fl uorodecyl triethoxysi |ane, nonafl uorohexyltrimethoxysil ane,

hept adecafl uoro-1,1,2,2 20 tetrahydrodecyl)trinmethoxysilane, and

(hept adecaf | uor o- 1, 1, 2, 2- tetrahyd rodecyl)triethoxysilane. 47. The top
coat of Cl4&8i m Ahevbe cedtrof Clatmas wiesain thaat Isadtiooa silioa sewce cappiisass
triethoxysilane and 3,3, 3-trifluoropropyltrinmethoxysilane. 25 48. The top
coat of O ai m 3 leastors conpreint splectedtfronuthergsouceansistisg of a chr onophore.  49.

55- o hyar B She e bt g sFIECERRNIS-GOIBEERRR i 1, 4g

wher el t mestbylirisoppipoxysilenermthtamethoxysilarediteyliviethoxysilate, 5 - 56
dimethyldimethoxysilane, dimethyldiethoxysilane, diethyldimethoxysilane,
diethyldiethoxysilane, trimethoxysilane, friethoxysilane, tri-n-propoxysilane,
triisopropoxysilane, tri-n-butoxysilane, tri-sec-butoxysilane, tri-tert-butoxysilane, and
andtriphenoxysilane; and

15 at least one compound selected from the group consisting of 3,3,3-
trifluoropropyltrimethoxysilane, pentafiucrophenyltriethoxysilane,
pentafluorophenylpropyltrimethoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)-
tristhoxysilane, (tridecafluoro-1,1,2,2-tetrahydrooctyl)trimethoxysilane, 1H,1H,2H,2H-
perfluorodecyltriethoxysilane, nonafluorohexyltrimethoxysilane, heptadecafluoro-1,1,2,2-

20 tetrahydrodecyl)trimethoxysilane, and (heptadecafluoro-1,1,2,2-
tetrahydrodecyl){riethoxysilane.

47.  The top coat of Claim 46 wherein the at least one silica source comprises
triethoxysilane and 3,3,3-trifluoropropyltrimethoxysilane.

25
48, The top coat of Claim 37 wherein the top coat further comprises a chromophore.
49. The top coat of Claim 48 wherein the chromophore comprises 5,8-dihydroxy-1,4-
napthoquinone.

30
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50. The top coat of Claim 48 wherein the chromophore comprises 2,4-hexadienoic
acid.
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